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1 Introduction 

1.1 Overview of the Project 

Description 

Struma Motorway is approximately 150 km long and is located in the southwest of Bulgaria 
between the interchange at Daskalovo (near Pernik) and the Bulgarian/Greek border near 
Kulata. Struma Motorway is part of the European core road network linking the cities of 
Sofia and Thessaloniki. The project also forms part of EU Priority Project 7 linking the 
cities of Igoumenitsa, Sofia and Budapest. 

In 2009 the section of Struma Motorway remaining for construction was divided into four 
Lots: 

□ Lot 1, from Dolna Dikanya to Dupnitsa; 

□ Lot 2, from Dupnitsa to Blagoevgrad; 

□ Lot 3, from Blagoevgrad to Sandanski; and 

□ Lot 4, from Sandanski to the Greek border crossing at Kulata. 

Figure 1. Overview of Struma Motorway 
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Lot 3 is 62 km long and has been sub-divided as four construction contracts as follows: 

□ Lot 3.1 between Blagoevgrad and Krupnik; 

□ Tunnel Zheleznitsa; 

□ Lot 3.2 between Krupnik and Kresna (including the Kresna Gorge); and 

□ Lot 3.3 between Kresna and Sandanski. 

Implementation 

The completion of Lots 1, 2 and 4 is a responsibility of the Road Infrastructure Agency 
(RIA) and the National Company Strategic Infrastructure Projects (NCSIP) is responsible 
for Struma Motorway Lot 3. 

As of the beginning of 2016, Lots 1, 2 and 4 of the motorway are operational. 

Numerous feasibility and design studies have been conducted on Struma Motorway, going 
back to the 1990s, in which the technical and environmental feasibility of several 
alternative alignments have been evaluated.  

In 2014 NCSIP completed a preliminary design of the preferred alignment for the road 
sections of Lot 3. The most challenging section of the project is Lot 3.2. The preferred 
alternative for Lot 3.2 features a 15.4 km long tunnel along the Kresna Gorge. 

Programming Framework 

The objectives of the project include: 

□ increased employment and generation of economic growth by providing 
efficient access and improved connectivity within Bulgaria and across its 
borders; 

□ improved social and territorial cohesion; 

□ improved road safety; 

□ reduced travel time for cross border and intercity traffic; 

□ support of the goals for reducing emissions; 

□ improving the Trans-European Transport Network (TEN-T) and the future 
interconnectivity of the European road infrastructure, part of which is Struma 
Motorway. 

Construction of Lot 3 of Struma Motorway is the main priority of the Operational 
Programme Transport and Transport Infrastructure (OPTTI) 2014-2020. The construction 
of Lots 1, 2 and 4, as well as the preparation of Lot 3, have been funded under 
Operational Programme Transport 2007-2013. 

The initial cost estimate for the project from 2011 was for about € 832 million excluding 
VAT (€ 998.4 million with VAT). In 2014 the estimate was adjusted to € 750 million 
(excluding VAT) and this is the project cost included in the draft Operational Programme 
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Transport and Transport Infrastructure 2014-2020. In 2015 with the advance of the design 
for Lot 3 it became clear that the initial cost estimate was much more realistic. 

1.2 Previous Studies 

The history of preparation of the Struma Motorway project is spread over 15 years. It 
dates back to 1990s when the first feasibility studies by local as well as international 
consultants were carried out. During this period, numerous studies and decisions were 
made regarding options for various sections of the route. The following is a summary of 
studies that have been carried out concerning the alignment of the motorway: 

Patproject Feasibility Study (1998-1999) 

Preparation of the project began with a feasibility study by local design bureau 
Patproject. This focused mostly on the technical feasibility of alternatives and did not 
include in-depth economic or environmental appraisal. 

SPEA (2000-2002) 

The Italian company SPEA Ingegneria Europea was commissioned to prepare feasibility 
studies, preliminary EIA, design and tender documents for the Struma Motorway 
(including the section from the interchange on the Sofia Ring Road to Daskalovo 
Interchange, now referred to as the Liulin Motorway, and the section between Daskalovo 
Interchange and Dolna Dikanya). The employer was the Road Infrastructure Agency and 
the contract was co-funded under the EU Phare Cross-border cooperation Programme. 

SPEA produced alignment options for all sections (to a large extent based on the work by 
Patproject, with the constituent sections termed M2, M3, M4, and M5), plus an 
alternative corridor study avoiding the Kresna Gorge altogether, traffic forecasts, cost 
estimates, economic viability report, multi-criteria analysis, preliminary EIA, etc.  

Krasi-Bo (2002) 

Parallel with the work of SPEA, the Bulgarian design firm Krasi-Bo prepared additional 
alignment options for the entire length of the motorway. This study was not 
commissioned by the authorities, but was done on the initiative of the firm and was 
driven by desire to identify a cheaper option to the SPEA alignments. It also tried to avoid 
specific problems in some sections, such as conflicts with masterplans of some 
municipalities. 

Vertical alignments and typical cross-section drawings were produced for two options 
proposed within the study – brown and brown-dotted. These alignments were compared 
with the respective combinations of SPEA options by: design speed, length, length of 
bridges and overpasses and tunnels, number of interchanges and investment cost (even 
though cost was not calculated to the same level of detail as in the SPEA study). 

As a conclusion the study proposed a combination of the brown and brown-dotted 
alignments as a preferred solution. 
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Review by Supreme Technical Expert Council (2002) 

Outcomes of the SPEA and Krasi-Bo studies were reviewed by the Supreme Technical 
Expert Council of the country in 2002. They considered the technically feasible 
alignments proposed and approved a combination of them for further analysis and 
development. 

NSI 2000 (2007-2008) 

In 2007, the Bulgarian company NSI 2000 were commissioned by the Road Infrastructure 
Agency to carry out studies related to the Struma Motorway. The first of these related 
to the section in the Kresna Gorge and resulted in two new long tunnel alternatives. The 
tunnel studies were of very limited detail and included only longitudinal profiles and 
general layouts. Geological conditions, number of tubes, tunnel cross-section, tunnel 
driving method and other important issues were not commented upon at all. NSI 2000 
also developed additional alternatives near the village of Bialo Pole (north of Blagoevgrad 
and outside the scope of Lot 3). 

EIA Decisions (2008) 

The EIA Decision No. 1-1/2008 approved (based on the outcomes of the EIA and the 
Appropriate Assessment reports from 2007) a preferred alignment for the entire length 
of the remaining part of the Struma Motorway as a combination of several previously 
studied alignments, but predominantly based on the brown alignment developed by Krasi-
Bo. This Decision also provided numerous recommendations for further improvement of 
the alignment during the next stages of design. For the Kresna Gorge area the preferred 
alternative was one of NSI 2000 alignments and featured a 2 km tunnel, followed by a 
viaduct of about 40 m, followed by a 13.3 km long tunnel. 

Development of General Transport Masterplan of Bulgaria (2008-2009) 

This assignment was financed under OP Transport and was performed by FABER MAUNSELL 
| AECOM Ltd. Its objective was to work out a strategic and technical sequence of data, 
develop a transport model, and conduct multi-modal technical studies for identifying 
projects in long and medium-term investment programmes in the transport sector in 
Bulgaria. Within the assignment, a detailed assessment of the transport scenarios for the 
country was developed and the scenarios were evaluated on the basis of strategic, 
political, legal, financial, economic, social, environmental, safety, financing, 
performance and risk criteria. 

Pursuant to these criteria, the Struma Motorway was confirmed as a priority project, as 
it connected Sofia with Greece by a continuous, high speed route and met the majority 
of the strategic, transport, economic and political criteria, as well as the criteria for 
safety. On this basis and a simplified CBA the project was considered as justified at the 
strategic level. 

AECOM (2011) 

In 2011, AECOM were appointed by the Ministry of Regional Development and Public 
Works (MRDPW) to provide a justification of the project, review of the existing and future 
traffic demands, traffic modelling and cost benefit analyses as a continuation of their 
work on the General Transport Masterplan for Bulgaria. 

4 



 

Environmental Strategy by JASPERS (2011-2012) 

In an effort to guide the development of the project JASPERS summarised all 
environmental work done and identified gaps that needed to be filled and the strategy 
and detailed specific steps that needed to be taken in order to develop the project in an 
environmentally sustainable way. The document was finalized in May 2012 and adopted 
for implementation by NCSIP and the Ministry of Environment and Water. 

Arup (2011) 

Due to the long time span of the feasibility studies process, its fragmentation and gaps 
in it, Arup were commissioned by JASPERS in 2011 to produce a comprehensive update 
of the feasibility studies with the following specific objectives: to review the process of 
identification of the preferred (approved) alignments for the Struma Motorway Lots 1 to 
4, to confirm whether or not the process was concluded satisfactorily, to confirm the 
preferred alignments through a Multi-Criteria Analysis (MCA), to review and sign off a 
CBA for the entire motorway produced by the MRDPW's Consultant (AECOM) and to draft 
a summary for the whole feasibility process for the project.  

Arup carried out a comprehensive MCA taking into account cost (capital and 
maintenance), economic appraisal (vehicle operating costs, accidents and time savings, 
other benefits and net present value), environmental appraisal and wider strategic 
benefits.  

The conclusion from the MCA and the assignment was that the preferred (EIA approved) 
alignments for all lots could be confirmed as the optimal solution. For Lot 3.2 the 
preferred alternative with long tunnel scored lower in the MCA than other alternatives 
but, as a consequence of the 2008 EIA decision, it was considered the only admissible 
alternative. 

The study acknowledged that the information regarding some of the alignment options 
studied, and most notably the long tunnel alternatives, was extremely limited and the 
preferred alternative would have to be re-examined at a later stage when more 
information would be available regarding its exact locations, geometry, geological 
conditions, technology, waste, pollution, etc. 

1.3 Studies and Updates since the 2011 MCA 

Since the completion of the 2011 MCA by Arup, there were several studies and 
investigations that update and extend the information used in the 2011 MCA. The new 
MCA will take in to account the information from these studies. For those items and 
options where no updated information is available, the data from the 2011 MCA shall be 
used with necessary indexation. 

The following is a summary of studies that have been completed/ongoing since the 2011 
MCA: 

Preliminary Design of Tunnel Alternative (2013-2015) 

The preliminary design of for Lot 3 was commissioned by NCSIP in 2013 and undertaken 
by JV ViaPlan - Amberg. The study featured the preparation of concept, preliminary and 
reference designs for the road and tunnel sections of the entire Lot 3 in accordance with 
the EIA decision from 2008. The designs were approved in 2015. 
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Ground Investigation for the Lot 3 Tunnels (2014-2015) 

The study was commissioned by NCSIP to undertake geotechnical investigations for 
Kresna and Zheleznitsa tunnels using ToR developed by COWI under the JASPERS 
framework contract. The study was undertaken by the Bulgarian JV Geops-Geotehnika 
Consult. 

The study was envisaged to be carried out in two stages - stage one would be based on 
the preliminary design of the tunnel route and survey in detail the area where the tunnel 
alignments pass. Based on the results of stage one, the preliminary design may be 
adjusted to deal with unfavourable geological conditions found. Stage two of the study 
would be carried out after (and if) the preliminary design had been adjusted to take into 
account the results of stage one. Each stage involves geological mapping, seismic 
profiling, drilling of boreholes to the depth of the tunnels and laboratory tests. 

Stage one of the study was completed in December 2015 and was forwarded to the 
preliminary designer, so that he may comment upon the results and take them into 
account when calculating tunnel lining. The study identified a large amount of faults in 
the region, which would pose risk to large engineering structures, such as a long tunnel. 
Stage two of the study was completed in July 2016 and included additional boreholes to 
further detail the results obtained at stage 1. 

Feasibility Design of a Backup Road Alternative through Kresna Gorge (2014) 

In the fall of 2014 NCSIP commissioned the Bulgarian firm Patproject 2000 to develop a 
feasibility design of a dual carriageway alternative for Lot 3.2. The alternative would 
serve as a backup solution, if the tunnel alternative turned out to be unfeasible. 

The study envisaged that one of the lanes of the dual carriageway alternative would be 
the existing E-79 road – reconstruction of the road would be required, including the 
construction of several short tunnels. The other carriageway would pass to the right of 
the existing road and traverse through the mountainous terrain on the west side of the 
Kresna Gorge. Construction of a number of short tunnels and viaducts would be 
necessary. 

The study produced drawings of the dual carriageway route, bill of quantities, cost and 
construction time estimates for the construction of the alternative. 

Geotechnical Study for Alternatives through Kresna George (2014) 

To support the feasibility design of the dual carriageway alternative, a geotechnical study 
for the route was commissioned and carried out by Bulgarian firm Bondys. 

The study produced geological mapping of the route, determined the expected cut 
slopes, analysed the geological and geotectonic structure of the region, provided 
information about the hydrogeological and seismotectonic characteristics and developed 
a technical specification for detailed geological studies to be commissioned in the further 
stages of the development of the alignment. 

Update of Traffic Forecast and CBA (2014-2015) 

In 2014 NCSIP commissioned JV ANISA-ITC-PPM, to update the existing traffic forecasts 
and CBA from 2011 and prepare an application for funding of the project under OPTTI. 
The updated analyses and application form were developed in accordance with the 
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requirements and guidelines for the new programming period. The study produced a 
traffic model and forecast for the project, as well as an updated CBA and an application 
for funding. 

The results from the updated traffic forecast model show a slightly lower traffic in 
comparison with the previous forecast from 2011. The updated CBA concluded that the 
Struma Motorway project (Lot 3 together with Lots 1, 2 and 4) would be economically 
unfeasible under the new Guide to CBA of Investment Projects (2014), if it featured the 
construction of Kresna tunnel for Lot 3.2. The main reason for this were the significant 
investment costs, the reduced values of time savings and the less favourable 
macroeconomic indicators. 

A variant of the CBA analysis, featuring the dual carriageway alternative, was also 
developed. With this alternative the project remained economically feasible. 

Animal Mortality Studies (2013-2015) 

Three consecutive studies to record the animal mortality rates on the existing road 
through Kresna Gorge had been commissioned annually since 2013 by NCSIP. The studies 
were carried out by Bulgarian firm Chuhal EOOD. 

The studies involved routine inspections of the road and the surrounding area to 
determine the mortality rates of different species – mammals, birds, reptiles, etc. 
Inspections had taken place several times per season and the results were presented for 
each season. At the end of each year a detailed report was prepared that summarized 
the results from all seasons and compares them to the results from previous years to 
discover patterns in the mortality rates of the species in the region. 

It is envisaged that the studies would continue during the construction period of Lot 3.2 
to provide a larger sample for the analysis and to measure the impact of construction on 
the mortality rates in the region. The studies are part of the collection of baseline data 
prescribed by the Environmental Strategy for the project developed by JASPERS. 

Classified Traffic Counts (2013-ongoing) 

In 2013 NCSIP commissioned to Spanish firm TrafficNow the installation of a camera for 
classified traffic counts and a pair of Bluetooth sensors in Kresna Gorge. The purpose of 
the Bluetooth sensors was to determine the average space mean speed of vehicles passing 
through the gorge. The traffic data is being collected 24 hours/day and NCISP regularly 
publishes reports regarding the characteristics of traffic in the gorge. The counts are part 
of the collection of baseline data prescribed by the Environmental Strategy for the 
project developed by JASPERS. 

EIA Study of Kresna George (2015) 

In December 2014 NCSIP initiated a new EIA procedure for the long tunnel and the dual 
carriageway alternatives. The studies necessary were commissioned to Bulgarian firm 
Dango Project Consult and commenced in early 2015. 

The first deliverable is the terms of reference for the content and scope of the EIA, in 
compliance with the requirements of the Ministry of Environment and Water (MOEW). 
The EIA ToR has been consulted with the public in November 2015 and in December 2015 
– January 2016 has been reviewed by JASPERS.  
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The preparation of the EIA study itself follows the EIA ToR and then an EIA report shall 
be submitted for the approval of MoEW. Finally, NCSIP shall organize public discussions 
of the results of the EIA, as prescribed by the EIA procedure. The data compiled and used 
for the MCA will be considered and used in the EIA. 

Preliminary Design of a Dual Carriageway alternative for Lot 3.2 (2015) 

In the summer of 2015 NCSIP commissioned JV Lot 3.2 Project to prepare a preliminary 
design of a dual carriageway alternative for Lot 3.2. The scope included geological 
mapping and surveys, a preliminary design and a reference design. The deliverables have 
been submitted and eventually approved in December 2015. 

The preliminary design features a road with 2 carriageways, 10 m each, and a design 
speed of 80 km/h. The existing road E-79 is used for one of the carriageways and the 
other is to be constructed near to it. There are 7 short tunnels and 11 bridges and 
viaducts. In order to reduce the impact on habitats, in some sections the road is on two 
levels, with one of the lanes on top of the other. The aim is maximize the use of the 
existing road alignment, minimize the use of surrounding land. 

1.4 Purpose of This Document 

The purpose of this document is to provide a robust MCA for the Lot 3.2 section of the 
Struma Motorway project. The project has reached a stage in its development wherein 
it is of critical importance that the most effective solution for Lot 3.2 is identified within 
a reasonable timeframe. Therefore the MCA focuses on updating the methodology from 
the previous MCA of 2011 (which covered the whole of the Struma Motorway) to reflect 
the specific characteristics of Lot 3.2. 

The results of the MCA will be used by NCSIP, the Bulgarian government, the European 
Commission and other stakeholders of the project to arrive at an informed decision about 
the optimal solution for Lot 3.2 that takes into consideration all important factors of the 
project – cost, technical and economic feasibility, environmental impact, level of 
service, etc. 

Moreover the document will be a reference point for NCSIP in its further analyses of the 
chosen alternative depending on its specifics. For some of the alternatives, whose 
implementation schedule is substantially longer than the average, it is of paramount 
importance that a decision is reached as soon as possible, so that further analyses can 
commence in due time. Only then could the implementation of the project fit within the 
scope of the current programme period. 

After discussions with the services of EC in late 2014 it was decided to start the 
preparation of the MCA and NCSIP developed ToR for the task. In February 2015 the ToR 
were presented for consultations to JASPERS, the services of EC and local NGOs 
participating in the Struma Motorway Monitoring Committee. The NGOs demanded that 
priority was given to alternatives outside Kresna Gorge. This, however, contradicted the 
main principle of the MCA that comparison must be unbiased and could not be reflected 
in the ToR and considered in the analysis. Eventually, in March 2015, NCSIP commissioned 
Arup to prepare the MCA. 

The MCA methodology was developed by Arup based on the methodology of their 2011 
MCA. The data collection and analyses for the MCA have been carried out by NCSIP.  
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1.5 MCA Version History 

Initial Reports 

Following the assignment to Arup the first step was to develop an inception report. The 
inception report describes the principle approach to the MCA, the data required, as well 
as included an initial list of existing and new alternatives to be assessed. It also includes 
minutes of a consultation meeting with JASPERS. The first version of the inception report 
was submitted by Arup on 05 March 2015 and a final version on 27 March 2015. 

During the inception of the assignment it was agreed that Arup would prepare the 
framework of the MCA report which would be incrementally developed together with 
NCSIP. This “skeleton” of the MCA is referred to as interim report. The initial version of 
Arup’s interim report was submitted on 02 April 2015 and after comments from NCSIP 
two subsequent versions were submitted on 09 April 2015 and 20 April 2015.  

First and Second Draft 

Based on Arup’s interim report NCSIP developed the first draft of the MCA report to be 
submitted to EC and JASPERS. The report was submitted to JASPERS for comments on 19 
May 2015 and a meeting to discuss it was held on 28 May 2015. 

On 16 June 2015 JASPERS commented on the 3rd draft of Arup’s interim report (JASPERS’ 
comments, and responses thereto, are included in Appendix 7.) The second draft of 
NCSIP’s MCA report, issued on 9th July 2015, attempted to reflect JASPERS’ comments 
and further develop the MCA. It was considered mature enough to be presented to the 
services of the EC for review and subsequent discussion.  

Third Draft 

A discussion on the second draft of NCSIP’s MCA report was held in Brussels on 13 July 
2015. There were various opinions expressed with regard to the parallel EIA procedure, 
the alternatives reviewed as part of the first stage assessment, and how the MCA, for the 
preparation of which there are no strict procedures, and the EIA, which is strictly 
procedural, could be reconciled. 

On 04 August 2015 NCSIP received additional comments from JASPERS through EIB. These 
are presented in Appendix 8 together with details how the comments are addressed in 
the third draft of the MCA report from September 2015. 

The 3rd draft of the MCA report was discussed at a meeting in Brussels on 19 November 
2015 between representatives of DG REGIO, DG ENV, JASPERS, Ministry of Transport, 
Ministry of Environment and Water, and NCSIP. No major comments were received 
regarding the methodology, data and conclusions of the MCA. 

First Release 

In late 2015 the CBA model for the project was approved by JASPERS and NCSIP proceeded 
to apply the model to come up with final scores in the MCA framework. This lead to the 
first non-draft release of this MCA report in February 2016. 
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2 Project Goals 

2.1 Programme Context 

The completion of Struma Motorway is to be funded under Operational Programme 
“Transport and Transport Infrastructure” 2014-2020. It is the main project in priority axis 
2 of the Operational Programme. As such it must comply with the objectives of the 
programme.  

Specific objective 1 of the Operational Programme is “Integrated development of the 
transport network of the country as a part of the Trans-European Transport Network”. 
This specific objective corresponds to the investment priorities and expected results 
under priority axis 2. The investments in development of road infrastructure of the 
country along the Trans-European transport network will extend the national road 
network. 

It is expected that the following main results are achieved: 

□ Expanded sections of Trans-European road network on the territory of Bulgaria; 

□ Improved quality of road infrastructure along the “core” Trans-European 
network on the territory of the country. 

Implementing the major projects planned under priority axis 2 is expected to contribute 
to the integrated development of the transport network of the country as a part of the 
Trans-European transport network. 

In programming period 2014-2020 the implementation of projects for development of the 
transport system should continue. These projects shall contribute to the efficient 
connectivity of the transport network and elimination of “bottlenecks”, improvement of 
safety, reducing congestion, etc.  

The completion of Struma Motorway is expected to directly contribute to these 
objectives. 

2.2 Existing Situation 

One of the big rivers in the country, Struma River, passes through Kresna Gorge. The 
gorge itself is a natural migration route of animals and has warm climate due to air 
currents penetrating along Struma River from south. The sides of the gorge are steep and 
no road construction could reasonable be done on the slopes. A relatively flat band of 
land between the two sides of the gorge exists. On the east side of the gorge there is an 
existing single track railway line. Road E79 (I-1 in accordance with the national 
numbering) has been built on the west side of the gorge. Struma River flows between the 
road and the railway for most of gorge’s length. 

The existing road is 10.5 m wide and has design speed of 60 km/h. It has been 
rehabilitated in the early 2000’s under the EU Phare CBC Programme and is still in good 
condition. The wearing course is not rough or cracked and potholes are present at only a 
few locations. Free-flow speed along the gorge (that is, speed under low or no traffic 
conditions) is above 80 km/h under most conditions.  
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In accordance with the 24/7 classified counts and speed monitoring performed by NCSIP 
since 2013 the average travel speed through the gorge is about 70-72 km/h.  

Figure 2. Views of the existing road through Kresna Gorge 

 

 

Traffic along Kresna Gorge has distinct peaks on Friday afternoon and Sunday afternoon. 
This is likely to be due to the prevailing purpose of the trips – most likely leisure. The 
share of heavy goods vehicles (HGV) is about 20%. The annual average daily traffic (AADT) 
for 2014-2015 has been measured to about 8 000 vehicles/day. 
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The existing road is generally well designed but has very few places where overtaking of 
slower vehicles is possible. The lack of places to safely overtake combined with the high 
percentage of slow HGV increases the potential for accidents. In accordance with data 
from the traffic police between January 2010 and June 2015 there have been 366 
accidents which resulted in 21 deaths and 139 people injured. Translated to annual values 
this means 68 accidents per year, 3.87 fatalities per year and 26 injured per year. 

As an illustration how great these numbers are, the following example may be used. The 
average number of fatalities (for the period 2009-2013) along the whole first class 
national road network is 152 per year. Divided by the total length of first class roads of 
2 975 km this results in 0.051 fatalities per year per km. Applying the same approach to 
the data for Kresna Gorge (3.87 fatalities per year observed along 19 km of road) results 
in 0.204 fatalities per year per km, i.e. close to 4 times higher. 

Another critical location on the route is the town of Kresna through which the existing 
road passes. There are frequent accidents inside the town involving transit traffic.  

Figure 3. View from the section of road E79 in Kresna town 

 

The E79 has no viable existing alternative and if it is closed due to accidents or for 
maintenance the alternative route is about 60 km longer. 

The whole area of Kresna Gorge is considered unique from an environmental point of 
view due to its unusually warm climate which has allowed many animal and plant species 
to penetrate from southern regions. There are two NATURA 2000 sites in the area – 
ВG0000366 “Kresna-Ilindentsi” (under the habitats directive) and ВG0002003 “Kresna” 
(under the birds directive). A natural reserve and a number of other national protected 
areas are also located in Kresna Gorge. 

The existing road does not provide for any measures to mitigate the negative effects of 
the traffic on the local environment. The road and its adjacent structures (e.g. retaining 
walls) act as a barrier for many species. Some species are not capable of crossing the 
road at all, which has a negative effect on their population, whilst other species are 
killed by passing vehicles when attempting to cross the road.  
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Figure 4. NATURA 2000 sites at the location of Lot 3.2 

 

Source: European Environmental Agency’s Europa web site http://natura2000.eea.europa.eu 

The existing situation with regard to both traffic safety and effects on the environment 
is considered unacceptable. 

2.3 Issues to Be Addressed 

The main issues to be addressed in Lot 3.2 of the Struma Motorway project include: 

□ Traffic accidents 

The frequency and severity of traffic accidents along the existing road E79 in 
the Kresna Gorge is one of the highest in the country. It is critical to improve 
traffic safety and do that as quickly as possible. 

□ Mortality of wild animals 

The lack of appropriate mitigation on the road has been quoted as a reason for 
deaths of wild animals attempting to cross it. As a result it is considered that 
the road affects negatively the size and structure of the populations of various 
animals. The road and its adjacent structures also function as a barrier for some 
species, which increases the negative effect of the road on the animal 
population. 
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□ Travel time, comfort and reliability 

Although travel times along the section are acceptable under most conditions 
the frequent accidents often result in traffic being blocked for hours. This 
causes substantial inconvenience to drivers. 

□ Safety and environmental issues in Kresna town 

The existing road passes through the town of Kresna resulting in numerous 
problems. A major issue is the safety of the residents of Kresna, as well as their 
increased exposure to noise and pollution.  

In summary traffic volumes along the existing road in the Kresna gorge, at an AADT of 
8 000, are not excessive and could normally be serviced by a single carriageway road. 
However the high percentage of HGVs and the limited length of sections to overtake 
make the road extremely problematic from a road safety point of view. This also 
negatively affects the reliability of the service and the comfort of the passengers. From 
an environmental point of view the impact of the road on the gorge is also considered 
unacceptable.  

2.4 Desirable Characteristics of the Preferred Alternative 

Considering the objectives of OP “Transport and Transport Infrastructure” and the issues 
that need to be addressed it is possible to define the main characteristics that should be 
inherent in the preferred investment alternatives for Lot 3.2. These are most notably: 

□ Improved traffic safety 

This can generally be achieved by dividing the two directions of the traffic. The 
most straightforward way to do this is by means of a physical barrier, e.g. a 
central reserve.  

□ Reduced effects of the traffic on the environment 

This can be achieved by building a new alternative road outside the Kresna 
gorge. If such an alternative is not technically possible and/or economically 
feasible a solution inside the gorge must be studied. Such solution will require 
significant mitigation measures – ecoducts, protective walls and nets, etc. 

□ Improved travel time, comfort and reliability 

It is preferable that in case of accidents the traffic can be redirected to an 
alternative route. In the case of a new alignment outside the gorge this route 
would be the existing road E79; in the case of an alternative with two 
carriageways inside the gorge the traffic from one carriageway can be 
redirected to the other in case of a serious accident; or a single lane closed for 
minor accidents or during maintenance. 

□ Road diverted from the centre of the town of Kresna 

It is critical to take transit traffic outside of the town of Kresna, hence the 
preferred alternative should bypass the town. 
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2.5 Development of the MCA Framework 

The MCA framework has been developed to reflect the project goals defined. The 
weighting of the different groups of criteria ensures that the preferred alternative 
addresses the issues to be solved with the project and has the defined desirable 
characteristics. 

The main focus of the MCA would be traffic safety (safety benefits to be evaluated as 
part of simplified CBAs of all alternatives) and environmental benefits (to be evaluated 
in detail for all admissible alternatives). These two groups of criteria shall have 
substantial weight in the MCA. 

There is an existing MCA from 2011 which has been considered acceptable by JASPERS 
and the services of the EC for the whole Struma Motorway project and the revised MCA 
framework shall be developed on the basis of the 2011 MCA. The criteria, however, and 
weights thereof, shall be reviewed and revised to ensure that they would lead to a 
preferred alternative that helps reach the project goals. 

The 2011 MCA is presented in Chapter 3 of this report and the process of the development 
of a new MCA framework, based on the 2011 MCA, is presented in Chapter 5. 

15 



 

3 Summary of the Existing MCA 

3.1 Background 

Due to the long time span of the feasibility studies process, its fragmentation and gaps 
in it, Arup were commissioned by JASPERS in 2011 to produce a comprehensive update 
of the feasibility studies. The purpose of this update was to support the application for 
funding of the project under OP Transport 2007-2013 and had the following specific 
objectives:  

□ to review the process of identification of the preferred (approved) alignments 
for the Struma Motorway Lots 1 to 4; 

□ to confirm whether or not the process was concluded satisfactorily; 

□ to confirm the preferred alignments through a Multi-Criteria Analysis (MCA); 

□ to review and sign off a CBA for the entire motorway produced by the MRDPW's 
consultant (AECOM); and  

□ to draft a summary for the whole feasibility process for the project.  

Arup carried out a comprehensive MCA taking into account cost (capital and 
maintenance), economic appraisal (VOC, accidents and time savings, other benefits and 
NPV), environmental appraisal and wider strategic benefits.  

The 2011 MCA is described below. 

3.2 MCA Overview  

The 2011 MCA was carried our using a single-stage evaluation approach – all the 
alternatives were identified and compared based on the following four criteria: 

□ Costs – both capital cost and maintenance costs. 

□ Economic appraisal – time savings, vehicle operating cost savings, accident 
savings, other benefits such as pollution, climate change, and noise. 

□ Environmental appraisal – landscape, nature conservation and ecology, cultural 
heritage, air quality, noise, water, soils and geology, waste and materials, 
people and communities, improvement of amenity. 

□ Wider social and EU policy objectives – construction period, development / 
employment potential, strategic benefits (access to TEN, national network), 
local benefits (access for communities). 

Weightings were applied to each criteria. The full list of indicators, which combine into 
the criteria above, were as follows: 

□ Capital cost; 

□ Maintenance cost; 
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□ NPV, BCR, EIRR, or VOC savings; 

□ Accident savings; 

□ Other savings – Pollution, Climate Change etc.; 

□ Environmental impact – construction; 

□ Environmental Impact – operation; 

□ Environmental benefit; 

□ Construction period; 

□ Economic benefits; 

□ Strategic benefits; 

□ Local benefits. 

At the time of the 2011 MCA the development of Lots 1 and 4 was in an advanced stage, 
therefore the analysis was divided into two separate reports – one focusing on Lots 1 and 
4 and one for the Lots 2 and 3. Additionally, the available information from previous 
studies for Lot 3, especially the section of Lot 3.2, was not of the same scope and detail 
as for the other Lots. That, in addition to the fact that Lot 3.2 was the section with the 
most alternatives in consideration, makes it critical that the results for Lot 3.2 are re-
examined, updated with the new information on the project and then re-evaluated in 
order to either reaffirm the decision of the previous analysis or propose a more effective 
solution. 

3.3 Results 

The full evaluation for Lot 3.2, with a maximum score of 1000, is shown below. The 
names of the options from the 2011 study have been used and the properties of each 
option are described further in this document. The results were, as follows: 

□ EIA Approved Route – 750  

□ Krasi-Bo Brown - 858 (Rejected on environmental grounds) 

□ Krasi-Bo Brown Dotted - 846 (Rejected on environmental grounds) 

□ NSI 13 km Tunnel - 742 

□ NSI 11 km Tunnel - 733 

□ NSI 6 no. Tunnels – 713 

□ SPEA Red - 811 (Rejected on environmental grounds) 

□ SPEA Green - 796 (Rejected on environmental grounds) 

□ ECO A Eastern - 681 

□ ECO B Eastern - 664. 

17 



 

Both brown variants scored highest, with other variants scoring progressively less. Of 
those screened (and not rejected), the EIA Approved route scored the highest, mainly 
owing to the influence of capital cost on the economic analysis. 

It was noted, however, that its score of 750/1000 was considerably lower than the 
preferred option in the other Lots, indicating that it was not as successful a solution to 
the issue in question. 

3.4 Conclusion 

The study acknowledged that the information regarding some of the alignment options 
studied, and most notably the long tunnel alternatives, was extremely limited and the 
preferred alternative would have to be re-examined at a later stage when more 
information would be available regarding its exact locations, geometry, geological 
conditions, technology, waste, pollution, etc. 

The results for Lot 3.2 were not unequivocal as the drivers to success and acceptability 
were in many ways in conflict. The EIA Approved route (which included the 13 km tunnel) 
scored significantly lower than the brown options; however it scored highly in 
environmental criteria. Once the screened out routes are eliminated, the EIA Approved 
route, or a close derivation of it, emerged as the preferred option to go forward. 

Since the 2011 MCA, several new alternatives for Lot 3.2 have been identified. This 
remains the only section of the project where a final decision for the alignment has not 
been made. A new MCA would be able to narrow the focus and adapt the methodology in 
order to provide a more comprehensive and thorough analysis of the alternatives under 
consideration. 
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4 Investment Alternatives 

4.1 General Overview of the Corridor 

Lot 3.2 is the most challenging part of the Struma Motorway project. The timely 
completion of Lot 3.2 is essential for the successful completion and implementation of 
Struma Motorway. 

The road section of Lot 3.2 starts to the north east of Krupnik village and ends near the 
town of Kresna. The alignments for Lots 3.1 and 3.3 are now finalised and their end points 
on either side of Lot 3.2 mark the physical reference points for the different alignment 
options evaluated. 

Over the years there have been many studies and well over ten alternatives for Kresna 
gorge. These alternatives can be summarized in three groups: 

□ Alternatives through the gorge – the gorge is the most natural way in north-
south direction, as it is physically the path of least resistance. For this reason 
most of the alignments explore the possibilities of passing through the gorge. 
All of them are for motorway standard and some are designed to 25 m standard 
(instead of 29 m) and design speed of 100 km/h (i.e. lower than the usual 120 
km/h); 

□ Alternatives on the sides of the gorge – there have been some alignment options 
passing on the west side of the gorge with tunnels and viaducts. They were also 
designed to motorway standard. Two alignment options proposed by NGOs 
explore the possibility to pass east of the gorge and avoid it altogether. These 
two alignments unfortunately had bad operational properties (extreme 
longitudinal grades, etc.) and were found to be of very high cost. An additional 
western alternative was developed in 2015. 

□ Tunnel alternatives – at the final stage before the 2008 EIA decision two “long 
tunnel” alternatives were introduced. These had the same layout as one of the 
earlier alternatives passing west of the gorge (SPEA’s green alignment) which 
was lowered to turn it to tunnel.  

The common denominator of almost all of these alignments is that they were prepared 
with only technical considerations in mind and the environmental effects were ignored. 
The two eastern alignments and the “long tunnel” alternatives were the only to try and 
take environmental considerations into account – unfortunately ignoring technical and 
economic effects altogether.  

Having in mind the weaknesses of the previous work done, as well as the risks to the 
preferred tunnel alternative, in 2014 a new alternative (referred to at the time as the 
“backup” alternative) was developed. It presented an attempt to find a reasonable 
compromise between environmental, technical and economic factors. 
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Figure 5. All previously identified and studied alternatives 

 

4.2 Problems Identified 

Overview 

The preparation of a project of the magnitude of Struma Lot 3 is by no means an easy 
task. As the design of the Lot 3.2 long tunnel was advancing during 2013 and 2014, 
problematic issues started to emerge. These included, but were not limited to: 

□ the necessity for huge spoil deposit sites;  

□ the construction and impact of temporary access roads and depots;  

□ the requirement for mid-tunnel ventilation shafts connecting the tunnel to the 
surface and the permanent maintenance access shafts associated with these  

□ the fissured nature of the rock and the expected impact of this on the ground 
water regime once tunnelling commences; and  

□ the negative impact of heavy traffic through the gorge during construction.   

These issues added to the inherent risks for projects of that size – the need to complete 
it within limited time (the 2014-2020 Programming Period), huge investment and 
operational & maintenance costs, significant geological risks (the area is known for the 
most severe earthquakes in the country with possibility of up to 9th Richter degree 
magnitude), as well as questionable economic feasibility (considering the new 
requirements to be used in undertaking the CBA and the consequent reduction of the 
Value of Time to be used in the calculations).  

The key issues arising during the development of Lot 3.2 with a long tunnel may be 
summarised as follows: 

□ environmental considerations including the impact during the construction 
phase and maintenance access; 

□ economic viability; 
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□ geological hazards; 

□ time limitations; 

□ sustainability. 

Each of the above groups of problems is summarised below. 

Environmental Considerations 

The decision to proceed with the tunnel was taken in 2008 and was based on very limited 
technical and environmental information. At the time, only the effects of the tunnel 
being operational were (very briefly) evaluated but the effects of tunnel construction 
were not taken into account at all. In accordance with the Environmental Strategy for 
the project (developed by JASPERS and adopted for implementation in 2012) after the 
design of the tunnel is completed, its effects on the environment, including the impact 
of the construction phase, must be thoroughly evaluated. Based on the outcome of this 
evaluation, a final decision how to proceed with the project must be taken.  

Economic Viability 

The EC has prepared new requirements for CBA for the 2014-2020 programming period. 
The main changes include: 

□ The level of contingency costs would need to correspond to project’s duration 
and risks. This could increase the contingency costs for the project, especially 
the Kresna Tunnel (Lot 3.2) due to the extensive construction periods required 
for long tunnels. 

□ A higher level of detail is required when calculating the environmental impact 
of the project. Since the environmental impact of the construction of Kresna 
tunnel has never been fully estimated, an updated CBA would include greater 
environmental impact and mitigation costs. 

□ The most significant change pertains to the Value of Time (VoT) calculation. 
The updated CBA guide no longer allows for the use of HEATCO 2006 values and 
instead advises member states to carry out stated preference surveys to 
determine the VoT for different journey types and transportation modes. This 
results in a substantial reduction in the VoT benefits for the Struma Motorway 
project. Given the high economic cost of the Kresna tunnel, this change alone 
puts the economic feasibility of the project at risk. 

The original CBA for Struma Motorway was undertaken in 2011 by Arup to support the 
application for funding of Lots 1, 2 and 4. The analysis was done using the 2008 Guide to 
CBA applicable for the 2007-2013 Programming Period. The project was justified as a 
whole and Lot 3 was also included in the analysis. The results of the analysis for Lots 1, 
2 and 4 were extremely positive with ENPV of 911 million, EIRR of 27% and B/C ratio of 
5.86. With the inclusion of Lot 3 in the analysis, the economic feasibility decreased to 
ENPV of 313 million, EIRR of 8% and B/C ratio of 1.39. This means that the project 
remained feasible but only by a small margin. 

In 2014 NCSIP appointed a consultant for the update of the traffic forecast and CBA for 
the project. The updated CBA used the same methodology and scope as the one from 
2011 – it included Lots 1, 2, 3 and 4 of Struma motorway and envisaged the long tunnel 
alternative for Lot 3.2. The main parameters that were updated were: 
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□ macroeconomic indicators – GDP growth, inflation, etc.; 

□ financial and social-economic discount rates in compliance with the updated 
CBA guide (2014-2020); 

□ demand analysis – based on the updated traffic forecast; 

□ implementation programme – based on up-to-date procurement and 
construction plans. 

□ investment costs – includes the estimates from the bill of quantities of the 
preliminary design; 

□ operation and maintenance costs – extended O&M cost analysis for the Kresna 
tunnel; 

□ economic indicators – value of time calculations in compliance with the updated 
CBA guide (2014-2020). 

The results of the analysis for the Struma Motorway project including all Lots 1, 2, 3 (with 
Kresna tunnel) and 4 are: 

Indicator Value 
ENPV (in € million) -239 
EIRR 3.46% 
B/C ratio 0.79 

 

As is evident from the results, a project that includes a long tunnel as part of Lot 3.2 is 
economically unfeasible and could not be financed with EU money, loans or national 
budget. 

Geological Hazards 

The area is well known for the major faults that form the Kresna gorge and its high 
seismic potential. In 1904 the area was struck by an earthquake with a magnitude of 7.2 
on the Richter scale, followed after about 20 minutes by another earthquake with a 7.9 
magnitude. The earthquake activated the Krupnik fault, which is situated at the north 
end of the Kresna gorge, and resulted in movement of the sides of the fault.  

The tectonic and seismic features of the Kresna gorge had not been studied in sufficient 
detail. The Krupnik fault is regularly being monitored by the Bulgarian Academy of 
Science. Other faults that have been mapped are not well studied and the results of 
drilling show additional faults, which are not visible on the terrain. It appears that the 
potential of the faults in the area, as well as their potential to damage engineering 
structures, is quite significant.  

In order to address the issue NCISP commissioned additional studies of the tectonic and 
seismic features of the Krena Gorge to the following scientific teams: 

□ Research Prof. Stefan Shanov, a Member of the European Advisory Evaluation 
Committee for Earthquake Prediction of Europa Major Hazards Agreement to 
the Council of Europe (1994-2000), head of the Laboratory of Seismotectonics 
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in the Geological Institute to the Bulgarian Academy of Science (2002-2012) and 
chairman of the Bulgarian Geophysical Society; 

□ A team from the Bulgarian Academy of Science, led by Associate Prof. Nikolay 
Dobrev – head of the Department of Geohazards in the Geological Institute to 
the Bulgarian Academy of Science; 

□ Prof. Paul Marinos – president of the International Association of Engineering 
Geology and the Environment (1994-1998) and former chairman of the Greek 
Geological Society, and Ricardo Oliveira - president of the International 
Association of Engineering Geology and the Environment (1990-1994), director 
of COBA S.A.  

All three studies independently conclude that a long tunnel in the Kresna Gorge would 
be in high risk of being damaged by the faults and that the construction of shorter 
structures (tunnels and viaducts) is preferable.  

Furthermore, in 2015 as part as the geological studies for the design of the Dual 
Carriageway alternative a study of the radiation emissions in the Kresna Gorge has been 
carried out. The study suggests that there is natural radiation on long sections of the long 
tunnel alignment in the northern part of Kresna Gorge. The study concludes that in all 
likelihood some amounts of the spoil to be excavated from the long tunnel will be 
radioactive. This would require the establishment of a specialised depot in the area of 
the project and facilities to clean radioactive water draining from the tunnel. Such 
measures would require additional time and substantial additional funding. 

Finally, in July 2015 NCSIP requested the Bulgarian Academy of Science to review the 
conclusions of the hydrogeological study made as part of the geological studies for Kresna 
tunnel. The resulting report confirms that large quantities of water will be drained by a 
long tunnel. This would dry the protected areas on the surface above the tunnel. It is 
further pointed out that the initial drained quantities will be much higher than the 
average quantities calculated and pose a risk during construction.  

The studies mentioned above are included as Appendix 9 to this report. 

Time Limitations  

The original plans were to complete the preliminary design of Lot 3, including the 
tunnels, by the end of 2014 and launch tenders for construction of the Zheleznitsa Tunnel 
and Lot 3.2 (Kresna Tunnel) in the beginning of 2015. The tenders were planned to be 
restricted (i.e. with prequalification) and were to be completed in the autumn of 2015. 
Procedures like land acquisition and archaeological studies would run concurrently to the 
tender evaluation procedure. This was expected allow design & build contracts for the 
tunnels to be signed by the end of 2015. A period of about 1-1.5 years for designs by the 
contactor would be necessary which means that construction could effectively 
commence towards the end of 2016 or the beginning of 2017. The time for completion of 
the Kresna Tunnel is estimated to be about 7 years, i.e. 2022-2023. (The 2011 Arup study 
suggests about 7 years for construction.)  

Under the original plans the Kresna Tunnel could theoretically have been implemented 
within the 2014-2020 programming period. Unfortunately, delays are always likely when 
implementing construction projects and especially projects of that complexity and level 
of risk. The delay of the designer of Lot 3 in submitting a preliminary design of the 
required quality resulted in substantial delays and as of the beginning of 2016 a long 
tunnel could not be completed within the programming period. 
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Sustainability 

The 2011 study by Arup indicated that the costs for operation & maintenance of the 
Kresna Tunnel would amount to about € 6 million per year. Additionally, a +/-20% margin 
was proposed to that amount. The likely operation & maintenance costs were determined 
based on experience from similar projects in similar countries (Slovakia in particular) and 
were adjusted to Bulgarian prices.  

The total amount for maintenance of all national roads and road tunnels for 2014 was set 
to BGN 110 million (€ 55 million), approximately half of this amount was for routine 
maintenance and the other half for winter maintenance. The cost of the maintenance is 
to be met through income collected through vignette taxation. The money for operation 
& maintenance of the Kresna Tunnel would form more than 10% of the budget for routine 
maintenance of the whole road network and covering these costs from vignette taxation 
would be most problematic.  

An alternative would be to put a toll on Kresna Tunnel which would cover solely operation 
& maintenance costs. The development of such a scenario was included in the ToR of 
NCSIP’s consultant for update of the traffic forecast and CBA for Lot 3. The administrative 
complications of putting a toll on the Kresna Tunnel are significant but are not the main 
issue. A problem would be the fact that the old road through the Kresna Gorge is of very 
similar length and will allow almost the same speed as the tunnel, which means that 
using either does not present substantial time savings to users (the tunnel is 15.4 km long 
vs. 16.3 km for the existing road; the expected speed in the tunnel is about 75 km/h vs. 
measured speed of 72 km/h at the existing road). Hence it can be expected that most 
drivers will continue to use the old road and not the tunnel, especially if the tunnel is 
tolled and/or heavy traffic no longer passes through the gorge (heavy goods vehicles may 
be made to use the tunnel through administrative measures but not the individual 
drivers).  

In summary, if the Kresna Tunnel is not tolled, ensuring the funds for its operation & 
maintenance will be highly problematic; if the tunnel is tolled to finance operation & 
maintenance, then Kresna Gorge will not be relieved from traffic. 

4.3 Summary of the Previously Identified Alternatives 

All the alternatives for Lot 3.2 reviewed by the 2011 MCA are listed below. The summaries 
of the alternatives in this section are intended to present the rationale behind them. 
Detailed technical descriptions of the alternatives and a discussion regarding their 
properties are presented in Chapter 6. Maps of all alternatives are presented in Appendix 
1. 

SPEA - Red 

The alignment is dual carriageway motorway through the gorge. It is a relatively 
conservative design and generally follows the existing road, although there are 
substantial deviations from it. The alignment mostly passes on the west side of the gorge. 

The alternative was prepared by Italian consultancy company SPEA Ingegneria Europea 
in year 2000-2001 as part of the feasibility study for the whole Struma Motorway. This 
alternative was considered as part of the 2007 EIA. 
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SPEA - Green 

The alignment is dual carriageway motorway through the west side of the gorge. It does 
not follow the existing road but employs a classic approach through difficult terrain with 
the use of tunnels and viaducts. It is the more ‘aggressive’ of the two SPEA alternatives. 

The alternative was prepared by Italian consultancy company SPEA Ingegneria Europea 
in year 2000-2001 as part of the feasibility study for the whole Struma Motorway. This 
alternative was considered as part of the 2007 EIA. 

ECO A Eastern 

The alignment is dual carriageway motorway to the east of Kresna Gorge. This alignment 
and ECO B Eastern are among the least developed of the alignment options and only very 
limited design details are available. In the 2011 MCA work, the data for the analysis was 
normalised to have a comparison on an even basis.  

Technical review of the alignment indicate that it was developed without due 
consideration of basic engineering requirements. The alignment results in unusually high 
continuous vertical gradient not suitable for an arterial road of this nature. The route 
avoids some of the NATURA 2000 sites in the area but still crosses them for about half of 
its length. It also passes very close to a number of villages. The total length of this 
alignment is about 28.7 km and is one of the longest. The total length of the tunnels is 
12.865 km and the length of bridges is 7.230 km.  

This is an alignment proposed and partially developed by NGO’s in 2002. It was included 
in the SPEA study during its final stage. This alternative was considered as part of the 
2007 EIA – more precisely, it was discussed in the Appropriate Assessment report. 

ECO B Eastern 

This alignment is very similar to ECO A Eastern with the main difference that it attempts 
to minimise the impact on Natura 2000 sites and deviates east from ECO A. Consequently 
this is the longest of all the alignments with a length of about 32.6 km. Among other big 
structures, it features an 8.500 km and a 3.140 km long tunnels. The total length of the 
tunnels is 18.245 km and the length of bridges is 3.630 km. Similar to ECO A the alignment 
has extreme longitudinal grades and passes very close to a number of villages. 

This is an alignment proposed and partially developed by NGO’s in 2002. It was included 
in the SPEA study during its final stage. This alternative was considered as part of the 
2007 EIA – more precisely, it was discussed in the Appropriate Assessment report. 

Krasi-Bo - Brown 

The alignment is dual carriageway motorway and passes through the gorge. It generally 
attempts to follow the existing road although it differs quite substantially from the 
existing alignment.  

The alignment was prepared in 2002 by local design firm Krasi-Bo in an attempt to put 
forward a better alignment than the ones developed by SPEA. This alternative was 
considered as part of the 2007 EIA. 

25 



 

Krasi-Bo - Brown Dotted 

The concept of the alignment is identical to the brown alignment but with slight 
variations. The alignment was also prepared in 2002 by the local design firm Krasi-Bo. 
This alternative was considered as part of the 2007 EIA. 

NSI Violet - 13 km Tunnel 

The alignment is dual carriageway motorway through the west side of the gorge. The 
alignment follows SPEA – Green almost completely but has lower elevation to allow for 
longer tunnel length. On the north side it starts with a 2 km tunnel followed by a 40 m 
viaduct and a 13.3 km long tunnel which ends west of Kresna town.  

The alignment was commissioned by RIA in 2007 (during the EIA for the project) to local 
design firm NSI 2000. This alignment, together with the two ECO alignments and two 
other alignments developed by NSI 2000, are the least developed of all alignment options 
and only very limited design details are available. This alternative was considered as part 
of the 2007 EIA. 

In the Lot 3.2 section of the Struma motorway being analysed, the NSI Violet – 13 km 
Tunnel alternative is identical to the EIA Approved alternative and hence the two 
alternatives are being reviewed as one (see also the below notes on Long Dual Tunnel 
and EIA approved alternatives). 

NSI Blue - 11 km Tunnel 

For the most of its length this alignment is identical to NSI 13 km Tunnel with the only 
difference that on its south side the long tunnel ends east of Kresna town. This results in 
shortening the long tunnel from 13.3 km to about 11.3 km. 

The alignment was commissioned by RIA in 2007 (during the EIA for the project) to local 
design firm NSI 2000. This alignment, together with the two ECO alignments and two 
other alignments developed by NSI 2000, are the least developed of all alignment options 
and only very limited design details are available. This alternative was considered as part 
of the 2007 EIA. 

NSI - 6 Tunnels 

The alignment is similar in concept to SPEA Green – it is dual carriageway motorway 
through the west side of the gorge and features tunnels (6 no.) and viaducts to negotiate 
the difficult terrain.  

The alignment was commissioned by RIA in 2007 (during the final stage of the EIA for the 
project) to local design firm NSI 2000. This alignment, together with the two ECO 
alignments and two other alignments developed by NSI 2000, are the least developed of 
all alignment options and only very limited design details are available. This alternative 
was considered as part of the 2007 EIA. 

EIA Approved 

This alignment is a combination of NSI - 13 km Tunnel, SPEA–Red and KrasiBo-Brown 
Dotted alternatives. The EIA Decision No. 1-1/2008 approved (based on the outcomes of 
the EIA and the Appropriate Assessment studies from 2007) preferred alignment for the 
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entire length of Struma Motorway as a combination of several previously studied 
alignments. The decision also provided numerous recommendations for further 
improvements of the alignment during the next stages of design. 

In the Lot 3.2 section of the Struma motorway being analysed the NSI Violet – 13 km 
Tunnel alternative is identical to EIA Approved alternative and hence the two alternatives 
are being reviewed as one (see also the below notes on Long Dual Tunnel alternative). 

4.4 Identification of New Alternatives 

This section outlines the new alternatives that have been introduced since the 2011 MCA 
was undertaken. 

Do Minimum  

This option is considered, taking into account the highly environmental sensitive nature 
environment in the area and the difficulty in identifying an environmentally acceptable 
engineering solution through the gorge. This alternative involves minor improvements to 
the existing road. 

Long Dual Tunnel (EIA Approved) 

 

This alternative represents the preliminary design for 
Struma Lot 3.2, as developed in years 2013-2015. It 
is based on the EIA Approved and NSI Violet – 13 km 
Tunnel alignments and is a development of the 
original idea for a long tunnel in the Kresna Gorge. 
The alternative features a 15.4 km tunnel which is a 
result of joining the 2 km and 13.3 km tunnels from 
the EIA Approved / NSI Violet – 13 km Tunnel 
alternative and refining the underground alignment 
of the tunnel.  

As the original study from 2007 was of limited detail and included only longitudinal 
profiles and general layouts. Geological conditions, number of tubes, tunnel cross-
section, tunnel driving method, costs and other important issues were not commented 
at all. Later, in 2011 as part of the preparation of the project for funding under OP 
Transport 2007-2013, the tunnel was defined as “dual two”, i.e. with two tunnel tubes 
with unidirectional traffic. Consequently, in 2012 the ToR for preliminary design was 
prepared with the requirement to design the tunnel with two tubes.  

To avoid ambiguities, for the purposes of the MCA this alternative is considered 
equivalent to NSI Violet – 13 km Tunnel and EIA Approved alternatives. The NSI Violet – 
13 km Tunnel / EIA Approved alternatives are not being reviewed separately. 
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Long Single Tunnel (with unidirectional traffic) 

 

The forecasted traffic for Lot 3.2 of less than 15 000 
AADT in 2040 is lower than the traffic required under 
item 2.1.2 of Annex I to Directive 2004/54/EC for 
building a second tunnel tube (20 000 AADT = 2 lanes 
x 10 000 AADT). This allows that only one tunnel tube 
for traffic is built (although an adjacent smaller 
second tube will still be needed for evacuation). 

Consequently the alignment is exactly the same as 
the Long Tunnel alternative but instead of initially 
building two tunnel tubes, only one tunnel tube for 
traffic is constructed. Traffic goes through the gorge 
in one direction and through the single tunnel tube in 
the other direction. Once traffic volumes are 
sufficient, a second tube for traffic can be built 
(although this is beyond the analysis horizon). 

This alternative was identified in 2013 by NCSIP in an 
attempt to reduce the costs for the project.  

 

Long Single Tunnel (with bidirectional traffic) 

 

The concept of the alternative is similar as the one 
of the Long Single Tunnel (with unidirectional 
traffic). It is foreseen that instead of initially building 
two tunnel tubes, only one tunnel tube for traffic is 
constructed and traffic is bidirectional in the tube. 
Once traffic volumes are sufficient, a second tube for 
traffic can be built (although this is beyond the 
analysis horizon). 

The main disadvantage of this alternative is the 
increased risk and potentially worse consequences of 
accidents in the tunnel. It also requires more 
expensive ventilation systems and larger tunnel 
cross-section to accommodate wider air ducts. 

This alternative was identified in 2013 by NCSIP in an 
attempt to reduce the costs for the project.  
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Dual Carriageway 

The alignment is designed as a dual carriageway road (2 x 10 m wide). The design speed 
is 80 km/h which will allow for operational speed of 100 km/h under most conditions. 
One carriageway closely follows the existing road through the gorge, straightening it in 
some sections, and the other carriageway develops independently with tunnels and 
viaducts (the total length of the tunnels is 2.9 km and the total length of bridges is about 
4 km). The rationale behind this design is to minimise as much as possible the footprint 
of the road and thus reduce impacts on habitats. 

The alignment was developed in 2014 by design firm Patproject 2000 and a preliminary 
design was prepared in 2015 by JV Lot 3.2 Project. The first drafts of this MCA report 
featured the alignment from 2014 and since draft 3 of the report the improved alignment 
from the 2015 preliminary design is subject to analysis. 

Figure 6. View of the Dual Carriageway alternative 

 

Staged Dual Carriageway 

This alternative was identified as part of the preparation of the MCA. It is similar to the 
Dual Carriageway, except that the existing road is not upgraded but only 
rehabilitated/reconstructed as appropriate, and a second new carriageway is 
constructed next to it.  

Western Alternative 

In 2015, as part of the EIA procedure for Lot 3.2, consultations with the public were held. 
As part of this process MoEW required NCSIP to study alternatives outside Kresna Gorge. 
Considering the fact that the possibility to build a new road on the east side of the gorge 
had been previously investigated NCSIP commissioned studies for an alternative on the 
west side. The resulting alternative is included in the MCA. 

The initial version of the Western alternative (as was presented in draft 2 of the MCA 
report) crossed the “Kresna Gorge” national protected area from km 394+180 to km 
394+650. Because this made the alternative legally not admissible in late July 2015 a new 
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alignment in the problematic section was developed which avoided the need to pass 
through the protected area. 

4.5 Reviewed Investment Alternatives 

A summary of all previously and newly identified alternatives is presented in the following 
table. The table also details which assessments each alternative has been, or is, subject 
to. 

Table 1. List of all previously and newly identified alternatives 

 Project Alternative 2007 EIA 2011 MCA 2015 EIA 2015 MCA 
1 Do minimum Y - Y Y 
2 Krasi-Bo – Brown Y Y - Y 
3 Krasi-Bo – Brown Dotted Y Y - Y 
4 NSI Violet – 13 km Tunnel Y Y - Y++ 
5 NSI Blue – 11km tunnel Y Y - Y 
6 NSI – 6 Tunnels Y Y - Y 
7 SPEA – Red Y Y - Y 
8 SPEA – Green Y Y - Y 
9 Eco A Eastern Y Y Y* Y 

10 Eco B Eastern Y Y Y* Y 
11 Long Dual Tunnel - - Y Y++ 
12 Long Single Tunnel (with 

unidirectional traffic) - - - Y 

13 Long Single Tunnel (with 
bidirectional traffic) - - - Y 

14 Dual Carriageway - - Y Y 
15 Staged Dual Carriageway - - - Y 
16 Western Alternative - - Y* Y 

 

Notes: 

* These alternatives will be discussed in the EIA but due to obvious feasibility issues 
with them will not be compared on equal basis with the rest of the alternatives 
listed. 

++ The NSI-Violet 13 km Tunnel, the EIA Approved and the Long Dual Tunnel are deemed 
equivalent for the MCA process.  

The alternatives that will be reviewed in the current MCA are the following: 

□ Do Minimum  

□ KrasiBo - Brown 

□ KrasiBo – Brown Dotted 

□ NSI Blue - 11km Tunnel 

□ NSI – 6 Tunnels 
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□ SPEA - Red 

□ SPEA - Green 

□ ECO A Eastern 

□ ECO B Eastern 

□ Long Dual Tunnel (= NSI Violet – 13km Tunnel = EIA Approved) 

□ Long Single Tunnel (with unidirectional traffic) 

□ Long Single Tunnel (with bidirectional traffic) 

□ Dual Carriageway 

□ Staged Dual Carriageway 

□ Western. 

An overview map and maps of all alternatives are presented in Appendix 1. 
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5 Methodology of the MCA 

5.1 Background 

The discussions between DG REGIO, Ministry of Transport, Information Technologies and 
Communication (MTITC) and NCSIP held in 2014 demonstrated the need of a systematic 
review of the state of the project. Numerous risks regarding the implementation of the 
EIA approved tunnel option have been identified and need to be addressed. During the 
consultation process one of the main points of DG REGIO was that the investment 
alternatives identified to date must be carefully examined and compared, in order to 
avoid going back to evaluating alternatives at a later stage. It was agreed that this could 
be achieved with an MCA and that the original 2011 MCA was a good starting point. 

Consequently in 2015 NCSIP assigned Arup to provide methodological assistance in the 
update of the MCA. This chapter discusses the approach to updating and supplementing 
the 2011 MCA, as well as the methodology used for the development of the new MCA. 

5.2 Comparison Method 

Review of the Available Guidelines 

The Guide to Cost-benefit Analysis of Investment Projects, Economic Appraisal Tool for 
Cohesion Policy 2014-2020 provides guidelines for carrying out option analyses and 
requires that a two-stage method for comparing alternatives is used. The first stage 
would normally be an evaluation of investment alternatives using MCA and in the second 
stage options developed in more detail would be compared using CBA. 

A similar two-stage approach is recommended in NCSIP’s Guidelines for Carrying out the 
MCA (2013). The methodology employs both quantitative and qualitative indicators used 
for assessment of the separate alternatives, including an obligatory “do nothing” 
alternative. In the document, the emphasis for reaching a decision falls on taking into 
consideration the set objectives and making an assessment on the basis of the separate 
criteria significance and relative weight, with respect to the contribution of each 
alternative. 

The approach in the original 2011 MCA involves only one assessment stage. As a starting 
point in the consultations between JASPERS, NCSIP and Arup for the preparation of the 
new MCA it was discussed that an attempt should be made to enhance the 2011 MCA 
methodology. This could be achieved through the preparation of a two-stage MCA, which 
would allow alternatives which are obviously unfeasible to be screened out during the 
first stage and perform a more detailed assessment at the second stage of the analysis. 

Eventually it was decided to perform the assessment in two stages: 

□ Stage І – comparison of investment alternatives. The investment alternatives 
may include completely different approaches for achieving the project 
objectives. In view of the difficulties related to the separate effects’ 
quantitative assessment, the comparison is carried out through multi-criteria 
analysis to ensure that the alternatives meet the projects key requirements.  
The results of the stage 1 assessment is one or more alternatives which have 
been screened and can be taken forward for further comprehensive review in 
stage 2. 
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□ Stage ІІ – comparison of options of the selected investment alternative. 
Following the stage 1 screening the development of detailed alignment options 
are undertaken on the remaining alternatives. Once elaborated, these options 
are compared again either through another multi-criteria analysis and/or using 
CBA. 

Groups of Criteria 

The analysis is carried out on the basis of the following groups of criteria and sub-criteria: 

□ Strategic, political and legal criteria – used for determination of the 
contribution for achieving the general objectives of the EU regional and 
cohesion policies; for assessment of the compliance with the main priorities of 
the Operational Programmes, EU strategic directions for convergence and 
national strategic reference frameworks. The compliance and contribution for 
implementation of national strategic and planning documents is also assessed. 

□ Economic and financial criteria – used for determination of the public monetary 
value and the amount of public expenses, necessary for the project 
implementation. In particular, the following indicators are being assessed: 

• construction costs; 

• operational and maintenance costs; 

• travel time savings; 

• vehicle operating costs, broken down per vehicle type – cars, 
commercial vehicles and public transport; 

• value of accidents savings. 

□ Social criteria – the alternatives are analysed for their development or 
employment potential; 

□ Environmental criteria – the potential impacts on environmental components, 
like biodiversity, water, soils, air quality, cultural heritage, etc. are examined; 

□ Safety and security criteria – the criteria are assessed in view of the potential 
reduction of the number of traffic accidents; 

□ Criteria for feasibility, provision of financial means for the project 
implementation and risk criteria – the alternatives are assessed on the basis of 
their potential for attracting financial sources (European funds, national or 
local financing, private financial sources); risk criteria and readiness for 
implementation. 

□ Criteria, related to local issues – for each separate alternative, the local issues, 
solved or created by the alternative, are assessed in view of the relevant area’s 
identity, e.g. for the alternative’s impact on potentially imposing a physical 
barrier dividing communities. 
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5.3 Adjustments to 2011 Methodology 

Introduction of a Two Stage Evaluation Process 

In the 2011 MCA a total number of 10 project alternatives were evaluated. In this study 
a further 6 project alternatives are identified and a “Do-minimum” alternative is also 
added. However, in the section of the route being analysed, the EIA Approved alternative 
is identical to NSI Violet – 13 km Tunnel alternative. Furthermore, the Long Dual Tunnel 
alternative actually represents a further development of the EIA Approved alternative. 
In order to avoid ambiguities only the Long Tunnel Alternative is reviewed in the MCA 
and data for the EIA Approved / NSI Violet – 13 km Tunnel alternatives is presented for 
information only. Taking into account this, the 6 new alternatives and the Do-minimum 
alternative, the total number of alternatives for the evaluation is now 15 (note that 16 
are listed in the Table 1 at the end of section 4.5 above but the NSI-Violet 13 km Tunnel 
and the Long Dual Tunnel are deemed equivalent for the MCA process). 

Considering the extended number of project alternatives with mixed priorities that are 
to be evaluated, a two stage evaluation process is now considered. The first stage is a 
screening process where the project alternatives that are detrimental to the primary 
objectives of the project are eliminated, thus leaving a reduced number of project 
alternatives for a second stage detailed evaluation. 

This 2011 MCA methodology has been reviewed with reference to the guidelines given in 
the Guide to Cost-benefit Analysis of Investment Projects, Economic Appraisal Tool for 
Cohesion Policy 2014-2020. The guide suggests that “If it is difficult to reflect the 
outcomes and/or cost of a project in measurable terms so that these measures can be 
aggregated in a CBA, it is recommended to switch to a MCA with its multidimensional 
characteristics instead of forcing heterogeneous and diverse data into a quantitative 
economic calculus”.  

Given the complex combination of constraints present in Lot 3.2 of the Struma motorway, 
including very significant environmental constraints, we consider an MCA to be an 
appropriate evaluation method for the second stage of the MCA. 

Adjustment to Indicators and Weightings 

The 2011 study assessed each alternative against a range of indicators covering five 
subject areas. Each indicator was given a ranking to indicate its perceived level of 
importance. Indicators with a higher ranking have a greater influence on the final scoring 
of each alternative. This methodology forms the basis of the stage 2 assessment. 

The indicators used in the 2011 MCA have been reviewed and in general they form a 
sound basis for the analysis. However, some changes to the weightings have been made 
and new the criteria adjusted to take into account the unique topographical and 
environmental constraints on Lot 3.2. 

The total length of Struma motorway is about 150 km and in the 2011 study the different 
sections of the motorway were evaluated using the same criteria and weighting. This is 
a reasonable approach when considering the full length of motorway generalising the 
different parameters used in the evaluation. However, in this current study we are only 
undertaking the evaluation of one 20 km section of the motorway which has a distinctive 
characteristics compared to the rest of the motorway. It is felt more appropriate to 
modify the criteria and weighting so that the distinctive characteristics are given their 
due importance so that the selection process truly highlights the priorities of this unique 
section. 
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The following distinctive characteristics through which this section of the highway passes 
were considered when reviewing the evaluation criteria and their associated weighting: 

□ mountainous topography necessitating costly solutions; 

□ environmental importance of the region. 

Additionally, a new Level of Service indicator has been introduced to account for project 
alternatives of different standard (single carriageway, dual carriageway and different 
design speeds). Since Lot 3.2 is only a small sub-section of the Struma motorway with all 
alternatives having generally the same start and end points, the criteria regarding the 
“Access to TEN networks” is now omitted. 

A comparison of this stage 2 criteria and the criteria adopted in the 2011 study is given 
in Table 2. Those indicators without a weighting in the “New Weighting” column are no 
longer used. Those indicators without a weighting in the “2011 Weighting” column are 
new to this MCA. 

Table 2. Comparison of Stage 2 Evaluation Criteria and Criteria used in 2011 Study 

Indicator 2011 Weighting New Weighting 

Financial Criteria  20  25 

Capital Cost 15  20  

Maintenance Costs 5  5  

Economic Criteria  32  25 

Accidents Savings 5  10  

Time Savings 12  10  

VOC Savings 8  5  

Other benefits – pollution, climate change 2    

Development/employment potential 5    

Environmental Impact – Construction   17  23 

Visual Impact/Landscape Character 1  1  

Agricultural Land 1  1  

Protected species and habitats  1  4  

Natura 2000 sites 1  4  

Cultural Heritage/Built heritage 1  1  

Air Quality 2  2  

Noise 2  2  

Water 2  2  

Soils and Geology 2  2  

Waste and materials 2  2  

People and communities 2  2  

Environmental Impact – Operation   8  17 

Visual Impact 2  2  

Agricultural Land     
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Indicator 2011 Weighting New Weighting 

Protected species and habitats 1  3  

Natura 2000 sites 1  3  

Animal mortality rates   3  

Cultural Heritage/Built heritage     

Air Quality 1  1  

Noise 1  1  

Water 1  1  

Climate change (greenhouse gasses)   2  

People and communities 1  1  

Environmental Benefit  6  0 

Air Quality 2    

Noise 2    

Improvements to amenity 2    

Feasibility Criteria  7  7 

Construction Period 2  4  

Project Readiness 5  3  

Level of Service Criteria  10  3 

Level of service offered to traffic   3  

Access for Communities 5    

Access to TEN 5    

  100 100 100 100 
 

Accident savings is given a higher weighting since accident reduction is one of the core 
objectives of TEN-T networks. The weightings of “Time savings” and “VOC savings” are 
reduced since this is only a short section through the mountainous region. However, the 
total weighting of the economic criteria is reduced to 25 from the 2011 weighting of 32. 

The two important environmental factors that are unique to this section of the highway 
are the presence of “protected species and habitats” and “NATURA 2000 sites”. These 
two environmental factors are therefore given a higher weighting in their respective 
indicators in both the construction and operation phases of the project. The existing road 
through the gorge results in numerous animal mortalities and NCSIP carries out studies 
to understand the levels of impacts. This being an important factor in the environmental 
criteria, is now include in the assessment. Thus the “Protected species and habitats”, 
“NATURA 2000 sites” and “Animal mortality rates” together have been given a total 
weighting of 9 during the operational phase compared to the weighting of 2 given in the 
2011 study. 

The entries under “Environmental Benefits”, e.g. “Air quality”, “Noise” and 
“Improvements to amenity”, are removed as a separate category as they are already 
included in the assessment of the impact or benefits during the operational phase. 

Although construction phase would last significantly less time than the operational phase, 
it is expected that the most severe (and potentially irreversible) effects on the 
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environment would be during construction. Hence it is considered appropriate that the 
weighting of environmental effects during construction is higher than the weighting given 
to environmental effects during operation. 

Overall the total weighting given to all environmental factors is increased to 40 from the 
2011 value of 31 (that is, with 22%). 

The new criteria “Level of service offered to traffic” is given a weight of 3 since the 
current analysis includes roads of various classes. In the 2011 analysis all the alternatives 
evaluated were of a dual 2 lane motorway configuration.  

The criteria “Access to TEN, National network etc.” is not deemed relevant for an 
evaluation of just Lot 3.3 as this is only a short sub section of the network and all the 
alternatives evaluated have a common start and end point; this criteria is therefore 
omitted.  

The weighting to the criteria “Access to communities” is removed as it is now included 
in the assessment of “people and communities”. 

5.4 Stage 1 Assessment 

Introduction 

Lot 3.2 of the Struma Motorway passes through the Kresna George, an area of exceptional 
beauty and ecological importance. This poses major technical, economic and 
environmental challenges in term of alignment and construction. 

The existing road corridor of Lot 3.2 falls almost entirely within an area protected under 
the NATURA 2000 habitats and birds directives. Due to the nature of the topography and 
the environmental sensitivity it is, while identifying a road alignment, be a difficult 
process to balance the environmental impacts, a suitable road geometry and cost. 

It is proposed to consider the severity of environmental impact and the severity of the 
road geometry as the stage 1 evaluation criteria since these are the two important factors 
in determining the feasibility of a project alternative at this location. The difficulties 
posed by the environmental and topographical constraints are likely to be greater 
barriers to a feasible solution. Hence, it is considered appropriate that the environmental 
and geometry severity (based on topographic constraints) be included in the criteria for 
the stage 1 assessment. 

However, cost is also an important factor since the Struma Motorway projects’ overall 
economic feasibility needs to be justified both from the funding of the construction and 
the operations and maintenance point of view. Therefore, economic justification of the 
project is also considered in the stage 1 assessment. To make a realistic comparison the 
economic criteria applied should consider the full project and not Lot 3.2 in isolation, 
i.e. the assessment takes the economic values for the full length of the Struma Motorway 
project not just the section of Lot 3.2 with length of about 20 km. 

The stage 1 criteria have been selected to eliminate those alternatives that definitely 
cannot meet the basic requirements of the project. 
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Scoring Methodology 

It is proposed to consider environmental impact, geometry and economic feasibility as 
the first stage evaluation criteria since these are the three most important factors in 
determining the feasibility of a project alternative at this location. 

The scale allows three possible scores for each of the criteria – good, satisfactory and 
unfeasible. Alternatives which do not have significant cons would be scored good. 
Alternatives which fulfill project’s goals although possess some negative effects would 
be scored satisfactory. Alternatives which do not fulfill the project’s goals or are not 
possible to implement would be scored unfeasible. 

Those options that receive a score unfeasible in any of the three criteria shall be 
discarded from the further evaluation process. 

Environmental Scoring 

The environmental scoring takes into consideration both the impacts during the 
construction and the operation phases. One important factor in the environmental 
criteria is the impact on national protected areas and NATURA 2000 sites especially those 
impacts that cannot be compensated.  

During this stage alternatives which apparently contradict legal restrictions (affecting 
territories with special protection and conservation status, etc.) shall be ruled out. This 
procedure is based on initial assessment of the so-called fatal flaws. 

Fatal flaws are considered the prohibitive conditions and restrictions stipulated in the 
environmental legislation with respect to the protection and conservation of sites, 
included in the National Ecological Network (NATURA 2000 sites and national protected 
areas). This allows the next assessment phase to be focused solely on alternatives, which 
are realistically feasible in compliance with the environment protection sphere’s 
requirements. 

In summary, the following factors shall be the used in grading the alternatives against 
the stage 1 environmental criteria: 

□ impact on national protected areas (both construction and operation); 

□ impact on NATURA 2000 Sites (both construction and operation). 

The detailed assessment applied at stage 2 is presented in the next section. 

Highway Geometry Scoring 

This grading of the severity of road geometry takes into consideration the following 
factors: 

□ horizontal geometry; 

□ vertical geometry. 

The design speed varies between the project’s alternatives; whilst the majority of the 
project alternatives have a design speed of 100 or 120 km/h some sections have a design 
speed as low as 60 km/h. Hence the parameters are assessed considering the design 
speed adopted for the particular project alternative; the design speed in itself is not 
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directly considered as an evaluation criteria in this stage. However, in the stage 2 
assessment, design speed is factored in to the assessment by including a level of service 
criterion, which also takes in to account the forecast traffic of the corridor. 

At this stage of the assessment of the cross section configuration, the projected traffic 
and the capacity constraints are not directly considered. For example, one cross section 
option could be dual two lane configuration and another option could be two lane single 
carriageway configuration. The assessment will consider whether sufficient, carriageway 
width, hard shoulder width, verge width, median width etc. are provided. Whether, 
appropriate sight distances (for the design speed considered) can be guaranteed when 
comparing the cross section with the horizontal and vertical geometry. 

Horizontal curves sharper than the desirable minimum (for the design speed), as given in 
Table 3, are not considered favourable and curves with larger radii are given better 
scores. 

Table 3. Desirable Horizontal Curvature 

Design Speed (km/h) 140 120 100 80 
Minimum Horizontal Radii (m) 1 000 720 450 250 

 

Long continuous gradients near or above the maximum gradients given in Table 4 are 
considered least favourable while lower grades will give better scores. 

Table 4. Desirable Maximum Gradients 

Design Speed (km/h) 140 120 100 80 
Maximum Gradient 4% 4% 5% 6% 

 

Whilst design speed, traffic and highway capacity are not considered as specific criteria 
these do impact on the project’s benefits as they form part of the criteria used to develop 
the project’s economic benefits. 

Economic Feasibility Scoring 

The economic feasibility scoring considers the entire Struma Motorway project, including 
the Lot 3.2 alternative under evaluation. 

The CBA for Struma Motorway was undertaken in 2011 to support the application for 
funding of Lots 1, 2 and 4; the project (including Lot 3) as a whole was justified in this 
analysis. The analysis at that time was undertaken using 2008 Guide to CBA application 
for the 2007-2013 Programming Period. EC have prepared a new requirement for CBA for 
2014-2020 funding period. The main changes include: 

□ The level of contingency costs would need to correspond to project’s duration 
and risks. (Significant change could be introduced compared to the 2011 
assumption.) 

□ Member states advised to carry out stated preference surveys to determine 
value of time (VoT) savings for different journey types and transportation 
modes, instead of using HEATCO 2006 values. (This results in significant 
reduction in the VoT compared to the valued used in the 2011 analysis.) 
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Also the current traffic study estimates indicate that traffic forecast values used in the 
2011 study are optimistic. A reduction in forecast traffic would lead to a further 
reduction in the economic feasibility of the Struma Motorway project. 

Therefore, it is possible that some alternatives that were found economically feasible in 
the 2011 study now turn out to be economically unfeasible. However, it is also noted that 
Lot 3.2 passes through extremely difficult terrain through an environmentally sensitive 
area, and hence a costly solution may be needed. This is taken into account in the 
threshold used for what would be deemed an economically feasible alternative. Whilst 
the benefit to cost threshold value would normally be set at 2 or higher, for this project 
the BCR (benefit to cost ratio) threshold has been set to 0.85; hence the economic 
criteria adopted is only to eliminate project alternatives with extremely unfavourable 
results.  

The 0.85 BCR threshold is set below 1.0 in recognition of the fact that the CBAs used at 
this stage of the evaluation are simplified and may not represent all of the benefits that 
would be taken into account in a full CBA. Thus it is possible that an alternative has BCR 
below 1.0 under the simplified CBA (that is, it appears to be economically unfeasible), 
but would have a BCR > 1.0 under a full CBA.  

The Lot 3.2 alternatives which result in a BCR below 0.85 for the full Struma Motorway 
projects are scored unfeasible and eliminated. Project alternatives with a BCR between 
1 and 2 are scored satisfactory and alternatives with BCR above 2 are scored good. 

5.5 Stage 2 Assessment 

Introduction 

Stage 2 assessment shall be carried out on the project options that pass stage 1 evaluation 
process.  

The emphasis of the stage 2 assessment is to support the choice between options, rather 
than an absolute justification for the project itself. MCA includes the following five 
subject areas: 

□ Financial Criteria (25%); 

□ Economic Criteria (25%); 

□ Environmental Criteria (40%); 

□ Feasibility Criteria (7%); 

□ Level of Service Criteria (3%). 

The Level of Service (LoS) criterion has been introduced to take into account the fact 
that roads of different classes and standards are evaluated. It is expected that the TEN-
T network should at all times during its design lifetime function within the pre-
established LoS. The LoS offered can be assessed as per the principles in the US Highway 
Capacity Manual (HCM). 

The full list of indicators which combine into the criteria above are given in Tables 5 and 
6. Table 5 indicates the weighting given to each criterion; Table 6 indicates whether the 
assessment of the criterion is a quantitative or qualitative. 

40 



 

Assessment Indicators 

The 2011 MCA study assessed each option against a range of indicators covering the five 
subject areas. Each indicator was given a ranking to indicate its perceived level of 
importance. Indicators with a higher ranking have a greater influence on the final scoring 
of each option. 

The indicators that were used in the 2011 MCA have been reviewed and in general they 
form a sound basis for the analysis. However, some changes to the weightings have been 
made to take into account of the unique topographical, environmental and economic 
constraints on Lot 3.2. 

The full list of indicators, which combine into the main criteria, are similar to the ones 
in the 2011 study and are given in Table 2 in section 5.3 above. As some of the weightings 
have been changed to reflect Lot 3.2’s characteristics, the table features the weightings 
from the 2011 MCA for comparison. 

A higher weighting is now provided to the environmental impacts consequently slightly 
reducing the weighting of some economic parameters. In particular, time savings and 
vehicle operating cost savings have been reduced to reflect the route’s length in 
comparison to the length of the entire project and the fact that many of the alternatives 
will not allow for motorway design speeds and road characteristics. 

The value of the accident saving weighting has been increased because the existing road 
is characterised with a high level of accidents and prevention of traffic accidents is one 
of the project’s main objectives. 

Several environmental indicators have their weightings increased to reflect the region’s 
unique terrain and the fact that many of the alternatives will have severe environmental 
impact. A new indicator, “Animal Mortality Rates”, has been included. Finally, the 
economic indicator for pollution and noise has been increased slightly. 

A new “Level of Service” indicator has been introduced to account for project 
alternatives of different standards (single carriageway, dual carriageway and different 
design speeds). Since Lot 3.2 is only a small subsection of the Struma Motorway with all 
alternatives (except two) having the same start and end points the criteria regarding the 
“Access to TEN networks” is now omitted. 

The criteria and their respective weights are shown in the table below. 

Table 5. Stage 2 Evaluation Criteria 

Indicator Weighting 

Financial Criteria   25% 

Capital Cost 20   

Maintenance Costs 5   

Economic Criteria   25% 

Accidents Savings 10   

Time Savings 10   

VOC Savings 5   

Environmental Impact – Construction    23% 

Visual Impact/Landscape Character 1   
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Indicator Weighting 

Agricultural Land 1   

Protected species and habitats 4   

Natura 2000 sites 4   

Cultural Heritage/Built heritage 1   

Air Quality 2  

Noise 2  

Water 2   

Waste and materials 2   

People and communities 2   

Environmental Impact – Operation    17% 

Visual Impact 2   

Protected species and habitats 3   

Natura 2000 sites 3   

Animal mortality rates 3   

Air Quality 1   

Noise 1   

Water 1   

Climate change (greenhouse gasses) 2   

People and communities 1   

Feasibility Criteria   7% 

Construction Period 4   

Project Readiness 3   

Level of Service Criteria   3% 

Level of service offered to traffic 3   

  100 100% 

Assessment Principle 

The following section outlines the methodology used for the evaluation of the MCA 
indicators. There are two distinct methods of evaluation, namely (a) a quantitate 
assessment; and (b) a subjective assessment. Table 6 summarises the method used for 
each of the indicators. 

In principle the following assessment is proposed: 

□ Where the criteria can be quantitatively defined, e.g. for capital cost the 
lowest cost alternative is allocated a score of 10 and competing alternatives 
ranked by percentage relative performance. Thus if the cheapest alternative 
with a cost of, say, € 500 million would score 10, an alternative with a cost of 
€600 million would score 10 x 500/600 = 8.3. For some of the alternatives a 
review would be required to ensure that the scores are logical. Again using 
capital cost as an example as the alternatives include a “Do-minimum” 
alternative in theory the cheapest capital cost could be € 0 however a common 
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sense approach would be required otherwise all the other alternatives would 
score 0 for this criterion. 

□ Where the criteria are more subjective, e.g. in the environmental sector, 
consideration will be given to the findings of the EIA process when ranking the 
alternatives and giving a score on a scale of 1 to 10. 

Table 6 below indicates, for each of the criteria, the assessment method. 

Table 6. Stage 2 Evaluation Criteria Summary 

Indicator Quantitative or 
Subjective 

Summary of Method for Quantitative 
Assessment 

Financial Criteria 

Capital Cost Quantitative lowest price / price 

Maintenance Costs Quantitative lowest cost / cost 

Economic Criteria 

Accidents Savings Quantitative benefit / highest benefit 

Time Savings Quantitative benefit / highest benefit 

VOC Savings Quantitative benefit / highest benefit 

Environmental Impact – Construction 
Visual 
Impact/Landscape 
Character 

Subjective Intrusion on the overall panorama 

Agricultural Land Quantitative lowest area / area 

Protected species 
and habitats Quantitative 

0.6 x lowest area / area +  
0.2 x number species/number species + 
0.2 x lowest number habitats/number 
habitats 

Natura 2000 sites Quantitative lowest % of area / area 

Cultural 
Heritage/Built 
heritage 

Quantitative lowest number of affected sites / sites 

Air Quality Quantitative lowest mass of pollutant / mass of pollutant 

Noise Quantitative lowest noise level / noise level  

Water Subjective Impact on water courses 

Waste and materials Quantitative Excess material generated by excavations.  

People and 
communities Subjective 

Impact of the construction sites, 
compounds, site access roads and 
construction traffic. 

Environmental Impact – Operation 

Visual Impact Subjective Intrusion on the overall panorama 

Protected species 
and habitats Quantitative 

0.6 x lowest area / area +  
0.2 x lowest number species/number 
species  
0.2 x lowest number habitats/number 
habitats 

Natura 2000 sites Quantitative lowest % of area / area 

43 



 

Indicator Quantitative or 
Subjective 

Summary of Method for Quantitative 
Assessment 

Animal mortality rate Quantitative savings / highest savings 

Air Quality Quantitative lowest mass of pollutant / mass of pollutant 

Noise Quantitative noise level / highest noise level 

Water Subjective Impact on river or other water courses 

Climate change 
(greenhouse 
gasses) 

Quantitative lowest value / value 

People and 
communities Subjective Impact of the route on local communities, 

farmers and other businesses 
Feasibility Criteria 

Construction Period Quantitative lowest period/ period 

Project Readiness Subjective completeness of project documentation, 
surveys, etc. 

Level of Service Criteria 
Level of service 
offered to traffic Quantitative cross section and design speed 

 

Assessment Methodology 

The assessment methodology for the criteria above are set out in the text below: 

Financial Criteria 

Criterion Capital Cost 
Type Quantitative 
Input Capital cost of scheme 
Scoring The most attractive option is allocated a score of 20 and competing options 

ranked by percentage relative performance. Thus if the most advantageous 
alternative has a cost of € 500 million it would score 20, a cost of € 600 million 
would score 20 x 500/600 = 16.6. 

 

Criterion Maintenance Costs 
Type Quantitative 
Input Average cost per annum 
Scoring The most attractive option is allocated a score of 5 and competing options 

ranked by percentage relative performance. Thus if the most advantageous 
alternative has a cost of € 200 k/km/yr it would score 5, a cost of € 400 k/km/yr 
would score 5 x 200/400 = 2.5. 

 

Economic Criteria 

Criterion Accidents Savings 
Type Quantitative 
Input Discounted benefits of 30 years of accident savings 
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Scoring The most attractive option is allocated a score of 10 and competing options 
ranked by percentage relative performance. Thus if the most advantageous 
alternative shows a benefit of €40 million it would score 10, an alternative with a 
benefit of €20 million would score 10 x 20m/40m = 5. 

 

Criterion Time Savings 
Type Quantitative 
Input Average travel time  
Scoring The option with lowest travel time is allocated a score of 10 and competing 

options ranked by percentage relative performance. Thus if the most 
advantageous alternative takes 0.2 hrs to travel it would score 10, an 
alternative which takes 0.4 hrs to travel would score 10 x 0.2 / 0.4 = 5. 

 

Criterion VOC Savings 
Type Quantitative 
Input VOC per trip  
Scoring The option with lowest VOC per trip is allocated a score of 5 and competing 

options ranked by percentage relative performance. Thus if the most 
advantageous alternative shows VOC of € 0.2 it would score 10, an alternative 
with VOC of € 0.4 would score 5 x 0.2 / 0.4 = 2.5. 

 

Environmental Criteria 

Construction Phase Criteria 

Criterion Visual Impact/Landscape Character 
Type Subjective 
Input Plans, maps, visualisations 
Scoring This is a subjective view based on where the construction phase works can be 

seen from and hence is affected by its position in the gorge and whether it is in 
tunnel or not. Refer to Appendix 6 for more details.  

 

Criterion Agricultural Land 
Type Quantitative 
Input Area of agricultural land affected by the construction work 
Scoring The most attractive option is allocated a score of 1 and competing options 

ranked by percentage relative performance. Thus if the most advantageous 
alternative has a total footprint of 2 km² it would score 1, an alternative with a 
footprint area of 8 km² would score 1 x 2 km²/8 km² = 0.25. Refer to Appendix 6 
for more details. 

 

Criterion Protected species and habitats 
Type Quantitative 
Input Area and number of protected species and habits affected by the construction 

phase that are covered under the Habitats Directive 
Scoring This would be based on a combination of the area and number of species and 

habitats. 2 x lowest area / area + 1.5 x lowest number species /number species 
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+ 1.5 x lowest number habitats /number habitats. This would therefore require a 
3 stage review: 
a. Area. The most attractive option is allocated a score of 6 and competing 
options ranked by percentage relative performance. Thus if the most 
advantageous alternative has a total footprint of 0.5 km² it would score 6, an 
alternative with a footprint area of 1 km² would score 2 x 0.5 km²/ 1km² = 1 
b. Number of species. The most attractive option is allocated a score of 2 and 
competing options ranked by percentage relative performance. Thus if the most 
advantageous alternative has an impact on 4 species it would score 2, an 
alternative with an impact on 8 species would score 1.5 x 4/8 = 0.75. 
c. Number of habitats. The most attractive option is allocated a score of 2 and 
competing options ranked by percentage relative performance. Thus if the most 
advantageous alternative has an impact on 4 habitats it would score 2, an 
alternative with an impact on 8 habitats would score 1.5 x 4/8 = 0.75. 
Therefore the total score for the alternative would be 1+ 0.75 + 0.75 = 2.5. 

 

Criterion Natura 2000 sites 
Type Quantitative 
Input Area of Natura 2000 designated sites impacted by the construction phase work 
Scoring The most attractive option is allocated a score of 4 and competing options 

ranked by percentage relative performance. Thus if the most advantageous 
alternative has a total footprint of 2 % it would score 4, an alternative with a 
footprint area of 8 % would score 4 x 2 %/8 % = 1.0. Refer to Appendix 6 for 
more details. 

 

Criterion Cultural Heritage/Built heritage 
Type Subjective 
Input Building and sites near the construction phase works 
Scoring Location of sites in relation to the works. 

 

Criterion Air Quality 
Type Quantitative 
Input Number of affected settlements, distance to the construction site to the 

settlements and duration of construction. 
Scoring The alternative having the optimum combination of least number of settlements 

affected, maximum distance to the site and shortest construction period is 
awarded maximum score. The other alternatives get proportionally lower 
scores. Refer to Appendix 6 for more details. 

 

Criterion Noise 
Type Quantitative 
Input Predicted/estimated noise level 
Scoring The most attractive option is allocated a score of 2 and competing options 

ranked by percentage relative performance. Thus if the most advantageous 
alternative has a saving of 20 it would score 2, an alternative with a saving of 5 
would score 2 x 5/20 = 0.5. Refer to Appendix 6 for more details. 
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Criterion Water 
Type Subjective 
Input Water courses or flood plains within or near the construction phase works 
Scoring Location of water courses in relation to the works and proposed crossing by 

both permanent and temporary works, impact on flood storage volume. Refer to 
Appendix 6 for more details. 

 

Criterion Soils and Geology 
Type Quantitative 
Input Soils affected by the construction work 
Scoring The most attractive option is allocated a score of 2 and competing options 

ranked by percentage relative performance. Thus if the most advantageous 
alternative has affected soils of 200 daa it would score 2, an alternative which 
has affected soils of 800 daa would score 2 x 200/800 = 0.5  

 

Criterion Waste and materials 
Type Quantitative 
Input Value of excess spoil to be taken off site 
Scoring The most attractive option is allocated a score of 2 and competing options 

ranked by percentage relative performance. Thus if the most advantageous 
alternative has a spoil to be taken off site of 200 m³ it would score 2, an 
alternative which has a spoil to be taken off site of 800 m³ would score 2 x 
200/800 = 0.5. Refer to Appendix 6 for more details. 

 

Criterion People and communities 
Type Subjective 
Input Plans, maps, visualisations 
Scoring Assessment will be based on the impact the construction works will have on 

communities. As the existing road will be available for the majority, if not all, of 
the construction phase the impact is anticipated to be associated with 
severance of minor roads and construction traffic. Refer to Appendix 6 for more 
details. 

 

Operational Phase Criteria 

Criterion Visual impact 
Type Subjective 
Input Plans, maps, visualisations 
Scoring This is a subjective view based on where the permanent works can be seen 

from and hence is affected by its position in the gorge and whether it is in tunnel 
or not. 

 

Criterion Protected species and habitats 
Type Quantitative 
Input Area and number of protected species and habitats affected by the permanent 

works that are covered under the Habitats Directive excluding Natura 2000 
sites. Refer to Appendix 6 for more details. 
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Scoring This would be based on a combination of the area and number of species and 
habitats. 2 x lowest area / area + 0.5 x lowest number species /number species 
+ 0.5 x lowest number habitats /number habitats. This would therefore require a 
3 stage review: 
a. Area. The most attractive option is allocated a score of 2 and competing 
options ranked by percentage relative performance. Thus if the most 
advantageous alternative has a total footprint of 0.5 km² it would score 6, an 
alternative with a footprint area of 1 km² would score 2 x 0.5 km²/ 1km² = 1 
b. Number of species. The most attractive option is allocated a score of 0.5 and 
competing options ranked by percentage relative performance. Thus if the most 
advantageous alternative has an impact on 4 species it would score 2, an 
alternative with an impact on 8 species would score 0.5 x 4/8 = 0.25. 
c. Number of habitats. The most attractive option is allocated a score of 0.5 and 
competing options ranked by percentage relative performance. Thus if the most 
advantageous alternative has an impact on 4 habitats it would score 2, an 
alternative with an impact on 8 habitats would score 0.5 x 4/8 = 0.25. 
Therefore the total score for the alternative would be 1 + 0.25 + 0.25 = 1.5. 

 

Criterion Natura 2000 sites 
Type Quantitative 
Input Area of Natura 2000 designated sites impacted by the permanent works 
Scoring The most attractive option is allocated a score of 3 and competing options 

ranked by percentage relative performance. Thus if the most advantageous 
alternative has a total footprint of 2 % it would score 3, an alternative with a 
footprint area of 8 % would score 3 x 2 %/8 % = 0.75. Refer to Appendix 6 for 
more details. 

 

Criterion Animal mortality rates 
Type Quantitative 
Input Data on projected savings in animal mortality 
Scoring The most attractive option is allocated a score of 3 and competing options 

ranked by percentage relative performance. Thus if the most advantageous 
alternative will result in high mortality rates for 2 groups of species it would 
score 3, an alternative affecting 4 groups of species would score 3 x 2/4 = 1.5. 
Refer to Appendix 6 for more details. 

 

Criterion Air Quality 
Type Quantitative 
Input Air quality indicators such as PM10 (Particulate matter less than 10μm 

aerodynamic diameter) and NO2 (Nitrogen dioxide) 
Scoring The most attractive option is allocated a score of 1 and competing options 

ranked by percentage relative performance. Thus if the most advantageous 
alternative has a value of 40 it would score 1, an alternative with a saving of 80 
would score 1 x 40/80 = 0.5. Refer to Appendix 6 for more details. 

 

Criterion Noise 
Type Quantitative 
Input Number of properties affected per band, i.e. set distance from the proposed 

highway 

48 



 

Scoring The most attractive option is allocated a score of 1 and competing options 
ranked by percentage relative performance. Thus if the most advantageous 
alternative has a reduced noise level of 33 % it would score 1, an alternative 
with reduce noise level of 17% would score 1 x 17/33 = 0.5. Refer to Appendix 
6 for more details. 

 

Criterion Water 
Type Subjective 
Input Water courses within or near the permanent works. Area / volume of floodplains 

storage lost 
Scoring Location of water courses in relation to the works and proposed crossing for the 

permanent works. Potential impact on flood plain storage. Refer to Appendix 6 
for more details. 

 

Criterion Climate change 
Type Quantitative 
Input Quantities of greenhouse gasses released 
Scoring The most attractive option is allocated a score of 2 and competing options 

ranked by percentage relative performance. Thus if the most advantageous 
alternative has mass equal to 40 it would score 2, an alternative with a mass of 
80 would score 2 x 40/80 = 1. Refer to Appendix 6 for more details. 

 

Criterion People and communities 
Type Subjective 
Input Plans, maps, visualisations 
Scoring The assessment will be based on impact the local economy, public and 

business sector. Refer to Appendix 6 for more details. 
 

Feasibility Criteria 

Criterion Construction Period 
Type Quantitative 
Input Construction period 
Scoring The most attractive option is allocated a score of 10 and competing options 

ranked by percentage relative performance. Thus if the most advantageous 
alternative has a construction period of 3 years it would score 10, an alternative 
a construction period of 6 years would score 10 x 3/6 = 5. 

 

Criterion Project Readiness 
Type Subjective 
Input Summary of number, completeness and nature of documents prepared to date. 

Summary of issues outstanding especially issues that take substantial periods 
to resolve or that need items which have a long lead in time. 

Scoring Comparative review of the nature and completeness of project documentation 
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Level of Service Criteria 

Criterion Level of service offered to traffic 
Type Qualitative 
Input Cross section data and free-flow speed (where the cross section or design 

speed is not constant throughout the whole of the alternative then the lengths 
the various speeds or cross sections apply to); traffic volumes, peak hour 
volumes; terrain type, etc. 

Scoring The most attractive alternative with motorway standard and no long tunnels is 
allocated maximums score. Alternatives with long tunnels are awarded lower 
score as long travel times in tunnels is unfavourably perceived from road users. 
Alternatives with lower road widths, higher longitudinal grades, etc. are 
awarded lower scores. 
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6 Data Collection and Analysis 

6.1 Overview and Approach 

As with the original 2011 MCA the alternatives assessed in the revised MCA have been 
developed to varying level of detail. In order to produce a coherent and reasonable MCA 
it is critical to normalise the data used in the analysis.  

The most important data to be fed in the MCA is related to investment and operational 
costs, traffic volumes and environmental effects. As demonstrated by the cost estimates 
for the 2011 MCA, cost can be forecasted with acceptable accuracy for the purposes of 
an MCA even if the alternatives are not developed in great detail.  

Traffic volumes depend on parameters like capacity (influenced mainly by number of 
lanes, lane width and design speed) and free-flow speed (influenced mostly by the design 
speed and speed restrictions). These parameters can be predicted with accuracy, which 
is to a large extent invariant to the level of detail the alternative is developed to. 

The environmental effects cannot be fully evaluated until detailed designs are available. 
Most of the main effects, however, and namely nature areas lost, noise and exhaust 
gasses, can be modelled with acceptable accuracy. The evaluation for the MCA is based 
on a comprehensive framework, which is suitable for the purposes of an EIA.  

With regard to the effects on NATURA 2000 sites the framework evaluates the area and 
numbers of affected sites, species and habitats, as would be done as part of an 
Appropriate Assessment, but does not include a full analysis of the effects of the 
alternatives on the affected NATURA 2000 sites.  

This chapter details the approach to estimating costs, forecasting traffic, developing 
CBAs for the purposes of comparison of the alternatives. It also includes the methodology 
for evaluating the environmental effects of the alternatives.  

The cost estimates for all alternatives are presented in Appendix 2. The traffic forecasts 
are presented in Appendix 3 and the mini-CBAs are included as Appendix 4. 

6.2 Cost Estimation 

Overview 

As stated in section 6.1 above, one of the most important input parameters to the MCA 
is the costs of the alternatives. The cost estimation method used in this MCA is the same 
as the one used in the original 2011 MCA. The individual unit rates, however, have been 
updated to reflect the changes since 2011 and in some cases more precise assumptions 
have been made based on up-to-date data and knowledge for the region. Below is a 
summary of the main cost elements and the approach to estimating them. 

Investment Costs 

In order to ensure compatibility of results, a unified approach to estimating the costs of 
the various alignments must be applied. Because of the different level of detail of the 
available designs the major items of works have been selected, quantified and valuated.  
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Historically, the different studies for Struma Motorway had employed different 
approaches to costing – the SPEA studies included cost estimates with more than 150 
works items; the Krasi-Bo studies included only per km rates for the road and per sq. m 
rates for structures; the NSI 2000 tunnel studies included no cost estimates. The cost 
estimates for the new MCA have been carried out using approximately 35-40 high level 
works items which aggregate the main items of work and non-work rates. 

The most important items used have been a unit rate per km of road construction (but 
excluding earthworks), per sq. m rate for bridges, per cubic metre rates for fill or cut, 
etc. The unit rates are based on up-to-date prices of materials, fuel, equipment and 
labour prices in the local market. 

General Items 

The estimate contains fixed costs for mobilization, demobilization and provision of site 
offices, as well as estimation of costs depending on construction duration (such as site 
and head office overheads and similar). These costs were calculated and included as % 
of the direct cost of the works.  

Earthworks 

Excavation in earth material is notably cheaper than excavation in hard material. 
However, due to the technical properties required on a small percentage of the 
excavated material can be used for fill and therefore must be disposed of away from the 
site. This also usually results in significant amounts of imported fill be required.  

In the case of Lot 3.2, however, for the majority of the alternatives the excavated earth 
material suitable for fill is significantly greater than the material actually required for 
fill. It is envisaged that a large amount of the excavated material that is suitable for fill 
will need to be deposited off the limits of the site. 

The following unit rates have been calculated based on the location of Lot 3.2 and the 
distance of suitable deposit sites for excess material and quarries: 

□ Excavation in earth material (unsuitable for fill) – 11.53 BGN/m3; 

□ Excavation suitable for fill and/or excavation in rock material – 10.65 BGN/m3; 

□ Fill – 5.11 BGN/m3; 

□ Imported fill – 8.54 BGN/m3. 

Roadworks 

A single unit rate for the road construction has been calculated to include all pavement 
layers, sub-base material, traffic signs, road marking, guardrails and fences, ditches and 
others. This rate excludes earthworks, which are separately valuated as described above. 
This approach helps ensure good precision of the cost calculation whilst preserving 
simplicity. 

This unit rate is not based on the rate used for the 2011 MCA but is based on Lot 3 
preliminary design. As there are a number of different road widths used by the 
alternatives three different rates have been calculated: 

□ Motorway standard 29 m – 4 170 959 BGN/km; 
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□ Motorway standard 25 m – 3 545 315 BGN/km; 

□ Dual carriageway road with 20 m total width - 2 930 938 BGN/km. 

Structures 

The main structures evaluated were retaining walls, culverts, bridges/overpasses and 
tunnels. The length of retaining walls was calculated based on the available technical 
designs and then a per metre unit rate was determined. Similarly, an ‘average’ price of 
culverts was calculated for each alignment and then for simplicity a rate per piece was 
applied. 

A per square metre rate for bridges and overpasses was calculated at 1 086.38 BGN/ m2. 
This rate is applicable for structures constructed with prefabricated prestressed beams, 
which are most common in Bulgaria in recent years. 

Other Works 

These are any works that are not covered in the above items; these can include such 
items as relocations of utilities, relocations of railways and correction of riverbeds. The 
items in this bill were estimated separately and included in the summary as lump sum 
items. 

Also included under this heading were the costs for interchanges. A per km rate for 
construction of interchange links has been applied and thus the unit rate was determined. 
The cost of the main structures forming the interchanges (over and underpasses) is not 
included in this rate but is accounted for in the works item for structures. 

Non-work Items 

These include items such as risk and profit, contingencies and publicity. In line with the 
findings from the JASPERS Cost Forecasting and Programme Management Study a risk and 
profit rate of 10% is applied. 

Tunnelling Costs 

The costs of the tunnelling form a large proportion of the final costs of many of the 
alternatives of Lot 3.2. Therefore it is important to estimate these costs as accurately as 
possible. 

Based on the varying costs of major elements such as portals, adit tunnels for ventilation, 
fire protection systems and evacuation facilities, tunnels are divided into three separate 
categories: 

□ Short tunnels – with length < 1km; 

□ Medium tunnels – with length >= 1km and <=5km; 

□ Long tunnels – with length > 5km. 

A per metre rate for tunnels is calculated and used for the short (i.e. less than 1 km long) 
tunnels. The rate is per linear metre and includes the construction of primary and 
secondary lining of a single bore with area of 100 m2. The disposal of excavated material 
and roadworks are separately accounted for in the relevant works items such as rock 
excavation and road construction.  
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The quantities used to calculate the rate were taken from the Lot 3 preliminary tunnel 
designs and the construction costs of two tunnels being constructed as part of Lot 2. The 
resulting unit rate for tunnel construction, lining, etc. per single bore is: 

□ Short tunnels – 17 500 BGN/m; 

□ Medium tunnels – 21 646 BGN/m; 

□ Long tunnels – 25 163 BGN/m. 

These rates exclude design, profit, etc., which are accounted for separately. 

To ensure comparability of the estimates and because it is a decision related to policy in 
the country, the tunnel area assumed corresponds to 2 lanes without an emergency lane 
and is applied for all tunnels in all alternatives.  

As many of the alternatives of Lot 3.2 feature multiple short and medium tunnels, it was 
decided to calculate the costs for the tunnel portals separately. This way the cost of 
alternatives with many short and medium tunnels will properly reflect the additional cost 
of portals. The costs per portal for single bore for each of the different tunnel types by 
length is presented below: 

□ Short tunnels – 385 000 BGN; 

□ Medium tunnels – 1 150 000 BGN; 

□ Long tunnels – 3 600 000 BGN. 

The different rates provide for the different scope and complexity of the structures 
adjacent to the portals.  

The rates described do not provide for items like lighting, ventilation, etc. For simplicity 
these have been included as percentage from the tunnel construction cost using the rates 
proposed in the 2011 cost estimates. These rates have been checked against designer’s 
estimates for the Lot 3 tunnels and found to be precise. 

Other Costs 

Other costs such as costs for construction supervision, project management, land 
acquisition, contingencies, etc. have also been included. 

Operation and Maintenance Costs 

Roads 

Operation and maintenance costs have been taken from NCSIP’s service contract for 
update of the traffic forecast and CBA for Struma Lot 3 and amount to: 

  Motorway I Class roads 
Routine Activity (euro/km)*     
Annual cost for routine maintenance  EUR              9 487   EUR                 872  
Annual cost for winter maintenance  EUR            16 154   EUR              1 487  
Periodical Activity (euro/km)*     
Cost for rehabilitation  EUR          205 128   EUR            64 103  
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Cost for structural improvement  EUR          871 795   EUR          307 692  
 

Tunnels 

As part of the 2014-2015 update of the traffic forecast and CBA for Struma Lot 3, the 
contractor produced a detailed cost estimate for the operation and maintenance (O&M) 
costs of long tunnels. This estimate is based on several recent studies that dealt with the 
maintenance of long tunnels. For the O&M costs of short and medium tunnels it was 
deemed that the estimates from the AECOM 2011 CBA were sufficiently accurate. 

Unlike for tunnel construction, for O&M costs the classification of tunnels by length is 
the following: short (<1 km), medium (1-3 km), long (>3 km). The O&M costs for each 
tunnel length are presented below: 

□ Short tunnels – 407 609 BGN/km; 

□ Medium tunnels – 573 048 BGN/km; 

□ Long tunnels – 807 902 BGN/km. 

The long tunnels unit rate results in an annual O&M cost, which is very close to the one 
determined for the Kresna Tunnel in the 2011 Tunnelling Paper prepared by Arup – about 
€ 6 million, which is about BGN 12 million, 

6.3 Traffic Forecasts 

Transport Model 

The traffic forecasts for the various project alternatives have been based on a transport 
model prepared in 2014 under the service contract for Update of Traffic Forecast and 
CBA for Struma Motorway assigned in 2014 by NCSIP.  

The ToR for the contract acknowledged that there were two older models available which 
could be used as the basis for an up-to-date model: 

□ The first one was the model prepared by Faber Maunsell (AECOM) for the 
Ministry of Transport, Information Technologies and Communications (MTITC) 
in 2008-2009 with base year 2008. This model was used for the preparation of 
the national General Transport Masterplan (GTMP). (The traffic forecasts used 
to support the Struma Motorway application for funding under OP “Transport” 
2007-2013 were prepared by AECOM in 2011 using the same model with some 
updates.) 

□ In 2013 the MTITC assigned an update of the GTMP traffic model to the Bulgarian 
Institute of Transport and Communications (ITC). The update was done under 
PTV Visum and used some elements of the AECOM GTMP, e.g. the models for 
trip generation and distribution, the model for generalised costs, etc.  

For the 2014 model NCSIP specifically required the consultant to analyse the available 
forecasts and to determine what updates were necessary. The specific requirements to 
the model were: 
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□ to employ the classical four-step model using the updated and reliable forecasts 
for GDP, population, car ownership, etc.; 

□ do model runs for the base year, 2015, 2025, 2035 and 2045; traffic for the 
intermediate years to be defined through interpolation; 

□ to cover the whole Bulgarian territory and sufficient areas abroad, so that the 
international and transit flows are defined properly; the traffic zoning system 
to be detailed enough to allow reliable traffic modelling results as needed for 
the project; 

□ the network model to include the whole national road network and, if deemed 
necessary by the consultant, some parts of the municipal road network;  

□ the models used for estimation of traffic demand, trips’ origin and destination, 
modal split, changes in motorisation, travel time, generalised costs, etc. to be 
justified in details; 

□ the model to be calibrated with the last available traffic counts of the roads 
agency. 

The 2014 model was reviewed and commented upon by JASPERS and accepted in April 
2015. This model was used to produce the traffic forecasts for the various project 
alternatives in May 2015. Some of the details of how the model was run for the purposes 
of the MCA are explained below. 

General Assumptions 

Considering the provisions of OPTTI 2014-2020, the complexity of the project and analysis 
of the OPT 2007-2013 implementation, the consultant assumed the following indicative 
time schedule construction of the Struma Motorway Lot 3: 

□ start of the construction contracts of Lot 3.1 and Lot 3.3 in the end of 2015; 

□ start of the construction contract of Lot 3.2 in 2017; 

□ Lots 3.1 and 3.3 to be put in operation by the end of 2019; 

□ Lot 3.2 being operational – depending on the alternative. 
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Figure 7. View of the transport model in the area of the project 

 

Approach to Forecasting Traffic for the Alternatives 

Modelling the traffic for the alternatives which do not retain the existing road through 
Kresna Gorge is straightforward – the link corresponding to the existing road is made 
passive in the model, so that traffic can only use a parallel link which corresponds to the 
alternative being studied and has been assigned its operational properties.  

Many of the alternatives, however, (except for, most notably, the Dual Carriageway) 
retain the existing road. This means that most modelling scenarios for “with project” 
conditions will feature two road sections in the Kresna Gorge, i.e. the existing road and 
the alternative being studied. The two road sections will go parallel in north-south 
direction and individual drivers will have the freedom to choose which road to use. The 
properties of the two sections will be different in terms of length and operational speed. 
Part of the traffic will use the existing road and part will use the alternative. This will 
lead to some time savings compared to the “without project” scenario but will reduce 
the effect to some extent. 

It should further be noted that alternatives which retain the existing road but are longer 
and with lower or comparable design speed will attract only a very small portion of the 
traffic from the existing road. This may even lead to an overall time loss compared to 
the “without project” scenario where all traffic uses the existing road. 
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The exact parameters used for modelling each of the alternatives are listed and 
explained in the following sections. 

Volume/Delay Function 

It is important to model the increase of travel times due to increase of traffic volume as 
greater travel times will trigger changes of route choice. For the 2014 Struma Motorway 
transport model an improved variant1 of the classic BPR volume/delay curve was used. 
The BPR (Bureau of Public Roads, USA) curve has the following standard form: 

𝑡𝑡𝑞𝑞 = 𝑡𝑡𝑓𝑓 . (1 + 𝑎𝑎. 𝑥𝑥𝑞𝑞𝑏𝑏)  

where tq is the travel time per unit distance at traffic flow q, tf is the travel time per 
unit distance in free-flow conditions, xq is the saturation (i.e. q/Qmax, where Qmax is 
capacity) and a and b are parameters subject to calibration. 

The classical BPR curve assumes values of a=0.5 and b=4 and is known to underestimate 
speeds at saturation levels in the range of about 0.7-1.0 and underestimate them at 
saturation above 1.0. For the Struma Lot 3 model the values of a=0.05 and b=10 have 
been used, which realistically represent the actual behaviour of drivers even at flow 
levels close to and above saturation. 

As shown from the model results, the actual increase of travel time at the traffic levels 
expected for the project is close to 0. 

Estimation of Free-flow Speeds 

An important factor for properly modelling travel times is the free-flow speed. Free-flow 
speed is defined as the average speed at which vehicles travel through a facility when 
traffic flow is small or there is no traffic. The free-flow speed depends on the design 
speed, the geometry of the road (lane and shoulder widths, longitudinal grade), number 
of access points, posted speed limits, etc. 

Based on the properties of the different alternatives and the guidance of Highway 
Capacity Manual free-flow speeds have been estimated. They have been assumed for 
each alignment based on the design speed for the different sections composing the 
alignment, the varying cross-sections and the posted speed limits.  

Another source of data is the General Transport Masterplan of Bulgaria2. Based on 
measurements of time mean speed at different classes of road using radar specific 
observations for the free-flow speed at various classes of roads from the national road 
network have been formulated. These have also been taken into account when 
determining free-flow speeds. 

Finally, for the existing road measured mean speeds have been used to estimate the free-
flow speed. These have been taken from the 24/7 traffic monitoring in the Kresna Gorge 
being done by NCSIP since 2013. 

1 Skabardonis, A., Dowling, R. 1997. Improved Speed-Flow Relationships for Planning 
Applications. In Transportation Research Record 1572, TRB, National Research Council, 
Washington, D.C., 1997, pp. 18-23 

2  Preparation of a General Transport Master Plan for Bulgaria: Key Report 1, Transport Model 
Development, 2009 
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Model Application 

Knowledge of the future traffic flows and the free-flow speed is important for the 
calculation of external effects such as pollution and noise. The forecasted traffic volumes 
and their average speeds resulting from the traffic model have been used to estimate 
pollution PMx (particulate matter), NOx (nitrogen oxides), SO2 (sulphur dioxide) and VOC 
(volatile organic compounds). In addition to this greenhouse gasses (CO2, N2O and CH4) 
are also of importance.  

The traffic flow and speed have been used to model noise emissions for the various 
alternatives as part of the evaluation at stage 2. 

6.4 Cost-Benefit Analysis 

Background 

Economic feasibility is one of the main requirements for the approval of EU financial 
contribution for any project. The economic feasibility of the Struma Motorway project 
was proven with the AECOM 2011 CBA. The analysis included all four Lots of the motorway 
and the project was justified for funding under the 2007-2013 programming period. 

In November 2014 the EC published a new Guide to Cost-benefit Analysis of Investment 
Projects, Economic Appraisal Tool for Cohesion Policy 2014-2020, which prompted NCSIP 
to re-evaluate the economic feasibility of the project. A study was commissioned and an 
updated traffic forecast and CBA analysis were carried out. The results from the analysis 
showed that under the new guidelines the Long Dual Tunnel (EIA Approved) alternative 
for Lot 3.2, which was justified as part of the AECOM 2011 CBA, was no longer feasible. 
A CBA for the Dual Carriageway alternative was also carried out and with this alternative 
the project remained feasible. 

As outlined in Chapter 4 it was decided to carry out simplified CBAs for all the alternatives 
in order to determine their economic feasibility. The basis for these CBAs is the 2015 CBA 
model for Struma developed by JV ANISA-ITK-PPM. This model has been accepted by 
JASPERS in late 2015.  

All CBAs are modelled for the whole of the Struma Motorway project, i.e. not just for Lot 
3.2, and hence Lots 1, 2, 3 and 4. 

Approach 

The CBAs feature updated investment costs and accident rates for each alternative. 
Additionally, the O&M costs are calculated based on the most recent O&M costs for roads 
and tunnels in Bulgaria. These costs are then converted from financial to economic with 
the help of standard conversion coefficients (SCC): 

□ Land acquisition SCC = 1.00; 

□ Equipment SCC = 0.95; 

□ Materials SCC = 0.83; 

□ Labour SCC = 0.90; 

□ Other costs (risk, overhead etc.) SCC = 0.83. 
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Once the economic costs have been determined, the economic benefits need to be 
estimated. Traffic data from the Updated Traffic Forecast (2015) has been used to 
determine the main economic benefits: 

□ Value of Time savings (VoT); 

□ Vehicle Operating Costs savings(VOC); 

□ Value of Accidents savings (VoA); 

The CBAs include the external impact of the alternative (air pollution, climate change, 
noise) estimated as proposed in the Handbook on estimation of external costs in the 
transport sector (2008)3. The external impact results primarily from traffic flows, which 
remain similar for most alternatives. 

The results from the CBA include the three most important determinants for economic 
feasibility – the economic net present value (ENPV), economic internal rate of return 
(EIRR) and the benefits/costs ratio (B/C ratio; BCR). In principle projects with ENPV > 0, 
EIRR > social discount rate and B/C ratio > 1 are considered economically feasible. 

6.5 Environmental Analysis 

Background 

Following the 2011 assessment the majority of the MCA criteria has been maintained. 
The assessment reviews various environmental factors such as noise, air pollution and 
impact on protected sites. The assessment reviews the impact, where applicable, to both 
the construction and operational phases. 

Methodology 

This methodology is intended to identify parameters, as well as technical and ecological 
evaluation criteria to be applied for all alternatives.  

The analysis and comparison of the alternatives is carried out on the basis of quantitative 
and qualitative indicators, through an integrated evaluation approach, in accordance 
with the principle “source – impact pathway – receptor”. 

The evaluation criteria have been developed on the basis of estimated impacts on the 
environment from the implementation of the alternatives and take into consideration 
the influence of road infrastructure on environmental components, which are affected 
and/or changed to the highest degree. 

For the development of the methodology for the calculation of the base data the 
following documents have been used: 

□ Struma Motorway Lot 3 – Environmental Strategy (JASPERS, 2012); 

3  Handbook on estimation of external costs in the transport sector, 2008 (Version 1.1). 
Produced within the study Internalisation Measures and Policies for All external Cost of 
Transport (IMPACT), European Commission DG TREN 
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□ Criteria for initial assessment of the impact on environmental limiting factors 
for Struma Motorway Lot 3, Kresna Gorge area (developed by NCSIP and 
presented in the Struma Motorway Development Plan, 2015);  

□ BREF “Economics and Crossmedia Effects”, European Commission, 2006; 

□ Design Manual For Roads And Bridges, Vol. 11 Environmental assessment, 
Section 3 – Environmental assessment techniques, Part 10 Road drainage and 
the water environment, UK Highways Agency, August 2009; 

□ Transport Analysis Guidance Unit A3 Environmental Impact Appraisal, 2014. 
Department for Transport, UK. 

When applying the methodology the following documents shall also be taken into 
consideration: 

□ Environmental Impact Assessment Report and Appropriate Assessment Report, 
including all addenda thereto, prepared for investment proposal Construction 
of Struma Motorway; 

□ Preliminary Tunnel Design for Struma Motorway Lot 3.2; 

□ Ground investigations for Struma Motorway Lot 3, in the areas of the Kresna 
and Zheleznitsa tunnels; 

□ Monitoring and analysis of the mortality rates of wild animals along road E-79 
(I-1) section, crossing Kresna (SPA) and Kresna-Ilindentsi (SCI) sites, in the 
period March 2013 – January 2015; 

□ Updated Appropriate Assessment report for Struma Motorway Lot 3 (2015); 

□ Updated traffic model and forecasts (2015); 

□ Mapping and identification of the conservation status of the natural habitats 
and species – Phase I (Ministry of Environment and Water) including location 
data for habitat protection area BG0000366 „Kresna-Ilindentsi“ and birds 
special protection area BG0002003 „Kresna“, in SHP (ESRI Shape file) and GDB 
(ESRI File Geodatabase) formats, WGS 84, UTM 35 N coordinate systems. 

The evaluation methodology has been developed in compliance with the approach for 
the multi-criteria analysis and is based on two hierarchical levels: 

□ Stage 1 – initial/preliminary evaluation of the alternatives; 

□ Stage 2 – detailed assessment of the alternatives. 

The evaluation of alternatives is carried out on the basis of predefined ecological criteria 
for integrated evaluation, taking into account the possibility for occurrence of negative 
impact on environmental components, as well as human health, discomfort in the 
affected areas and the inconveniences associated with it. 

Initial Evaluation of the Alternatives (Stage 1) 

During this stage the alternatives, which are in apparent contradiction with legislative 
requirements and provisions (for example affecting territories with special protection 
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and conservation status, etc.) shall be ruled out. This procedure is based on initial 
assessment of the so-called fatal flaws. 

Fatal flaws are considered the prohibitive conditions and restrictions stipulated in the 
environmental legislation with respect to the protection and conservation of sites, 
included in the National Ecological Network. The presence of one or more fatal flaws 
(prohibitive conditions) shall be sufficient reason for unconditional ruling out of an 
alternative. This approach allows the next evaluation stage to be focused solely on the 
alternatives, which are realistically feasible in compliance with the environmental 
protection requirements. 

The initial evaluation stage comprises of collection and analysis of existing information 
and data, including maps and other graphical documents of the project area and National 
Ecological Network sites, as well as preparation of specialized maps and layers in GIS. 

For the purpose of identification of affected areas and territories with protection and 
conservation status the alignments of the alternatives are compared against the outlines 
of the protected sites in GIS. The alignments that cross national protected areas or 
territories are inspected to determine whether there is conflict or not. For example an 
alternative may appear to cross a national protected area but the longitudinal profile 
may show that a tunnel is foreseen, hence it can be concluded that the alternative is not 
in apparent contradiction with the legal requirements and can be retained. The exact 
extent of the possible influences is to be determined at the next evaluation stage. 

Detailed Evaluation of the Alternatives (Stage 2) 

During this stage a detailed evaluation, requiring a more profound analysis, is conducted. 
On the basis of this analysis the acceptable from environmental point of view alternatives 
are ranked. Subject of evaluation are alternatives, approved as acceptable during the 
previous assessment phase. 

Each alternative is evaluated in accordance with the criteria included in the evaluation 
framework based mostly on quantitative and some qualitative indicators. 

The analysis covers the following factors: 

□ Agricultural land; 

□ Biodiversity, Natura 2000 and Animal mortality; 

□ Air quality;  

□ Climate change; 

□ Acoustic environment (noise pollution); 

□ Water environment; 

□ Waste and material; 

□ Soils and geology; 

□ Landscape; 

□ Cultural Heritage; 
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□ People and communities. 

Ten groups of criteria have been developed. Each criterion is quantitatively identified in 
the relevant units (m, km, m3, ha, pcs.), in accordance with the specific indicator in the 
table. 

Agricultural land 

№ Criteria (with additional clarifications) Indicator 
Construction period 

1 Affected areas  
1.1 Area of the permanent works, with permanent change in its 

purpose (road envelope) 
Total area (ha) 

 

Biodiversity, Natura 2000 and Animal mortality 

№ Criteria (with additional clarifications) Indicator 
Construction period 
1 Natura 2000 sites for conservation of wild flora and fauna and natural habitats (SCI) 
1.1 Affected SCI pcs. 
1.2 Affected scope of the SCI hа / % of the SCI 
1.3 Affected natural habitats, subject of conservation in the SCI pcs. / ha 
1.4 Affected species’ habitats, subject of conservation in the 

protected areas 
pcs. 

2 Special protected areas for conservation of wild birds (SPA) 
2.1 Affected special protected areas pcs. 
2.2 Affected scope of the special protected areas hа / % of the SPA 
2.3 Affected species’ habitats, subject of conservation in the special 

protected areas  
pcs. 

Operation period 
1 Natura 2000 sites for conservation of wild flora and fauna and natural habitats (SCI) 
1.1 Affected SCI pcs. 
1.2 Affected scope of the SCI hа / % of the SCI 
1.3 Affected natural habitats, subject of conservation in the SCI pcs. / ha 
1.4 Affected species’ habitats, subject of conservation in the 

protected areas 
pcs. 

2 Special protected areas for conservation of wild birds (SPA) 
2.1 Affected special protected areas pcs. 
2.2 Affected scope of the special protected areas hа / % of the SPA 
2.3 Affected species’ habitats, subject of conservation in the special 

protected areas  
pcs. 

3 Mortality in vertebrates  
3.1 Mortality risk in groups of species pcs. groups of 

species 
 

high / medium / 
low 
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These criteria are applied to assess the effects both during the construction and 
operation phases. 

Air quality 

№ Criteria (with additional clarifications) Indicator 

Construction period 

1 Discomfort for the residents – permanent residents 
1.1 Affected settlements pcs. 
1.2 Distance of the nearest populated area to the construction site  metre 
1.3 Duration of the construction period  years 

Operation period 

2 Emissions of harmful substances into the air  
2.1 Mass of air pollutants released (Inventory of pollutants) amount of 

pollutants such as 
dust (fine 
particles10), 
nitrogen oxides 
(NOx) and carbon 
oxides (СО) in the 
air (Mg/km; 
kg/vehicles/ km; 
Mgtotal) 

2.2 Dispersion of pollutants Maximum concentration Cmax 
Distance of the nearest populated 
area 

metre 

Affected populated areas pcs. 
 

Air pollutant emissions are calculated on the basis of the updated methodology EMEP/EEA 
Emission Inventory Guidebook 2013, 1.А.3.b Road transport, SNAP CODE: 0701 “Passenger 
cars”; 0702 “Light-duty vehicles”; 0703 “Heavy-duty vehicles”. As an additional 
calculation method the methodology, published in Handbook Emission Factors for Road 
Transport (HBEFA) may be used. 

The technical guidebook for preparation of emission inventories is available at: 
http://www.eea.europa.eu/publications/emep-eea-guidebook-2013. 

Climate change 

№ Criteria (with additional clarifications) Indicator 
Operation period 

1 Mass of greenhouse gases released (during the operation) Amount of 
greenhouse gases 
such as carbon 
dioxide (CO2); 
methane (CH4) and 
dinitrogen 
monoxide (N2O) 
(Mg/km; 
kg/vehicle/km; 
Mgtotal) 

64 

http://www.eea.europa.eu/publications/emep-eea-guidebook-2013


 

№ Criteria (with additional clarifications) Indicator 
Operation period 

2 Global warming (during the operation) Global-warming 
potential of the 
emitted greenhouse 
gases, such as 
carbon dioxide 
(CO2); methane 
(CH4) and 
dinitrogen 
monoxide (N2O) (kg 
eqvCO2) 

 

For calculation of the Global-warming potential (GWP) is used the methodology described 
in BREF “Economics and Crossmedia Effects”, Chapter 2, Global Warming, European 
Commission, 2006: 

GWP (total) = GWP (pollutant) x P (mass of pollutant released)  

 

Acoustic environment (noise pollution) 

№ Criteria (with additional clarifications) Indicator 
Construction period 

1 Discomfort for the residents – permanent residents 
1.1 Noise emissions in the environment 

 
 

estimated noise 
levels in dB(A) for 
Lday, at the borders 
of residential areas 
or isolated houses  

Operation period 

2 Acoustic environment (noise pollution) 
2.1 Noise emissions in the environment 

 
 

estimated noise 
levels in dB(A) for 
Lday, at the borders 
of residential areas 
or isolated houses  

 

Water environment 

№ Criteria (with additional clarifications) Indicator 
Construction period 
1 Surface waters 
1.1 Affected surface water bodies  yes/no  
1.2 Potentially lowering the drainage capacity yes/no 
1.3 Category of the water body I, II, III 
1.4 Degree of flood risk high, middle, low 
2. Ground waters 
2.1 Groundwater status (1-st aquifer) good, risk, critical 
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№ Criteria (with additional clarifications) Indicator 
Construction period 
2.2 Affected sanitary protection zones  pcs. 
Operation period 

3 Surface waters 
3.1 Risk of polluting surface waters during accidents. Possibility for 

occurrence of accidents with significant pollution potential 
acceptable/potential 
risk 

4. Ground waters 
4.1 Risk of polluting ground waters during accidents. Possibility for 

occurrence of accidents with significant pollution potential 
acceptable/potential 
risk 

 

The methodology, described in Design Manual For Roads And Bridges, Vol. 11 
Environmental assessment, Section 3 – Environmental assessment techniques, Part 10 
Road drainage and the water environment, Annex I, UK Highways Agency, August 2009 is 
used for quantitative determination of the risk of polluting surface and ground waters 
during accidents. 

Landscape 

№ Criteria (with additional clarifications) Indicator 
Construction period 
1.1 Landscape features negative/positive 
1.2 Visual effects negative/positive 
Operation period 
2.1 Implementation of landscape management mitigation yes/no  
2.2 Inscription of elements of road infrastructure in the surrounding terrain yes/no 

 

Soils and Geology 

№ Criteria (with additional clarifications) Indicator 
Construction period 
1.1 Area of the Permanent works, with permanent change in its 

purpose (road envelope)  
daa 

1.2 Areas for permanent storage of excavated spoil - construction 
landfills  

daa 

 

Waste and materials 

№ Criteria (with additional clarifications) Indicator 
Construction period 
1.1 Amount of redundant excavated spoil  m3 
1.2 Possibility for use in construction on other local projects % 
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People and communities 

№ Criteria (with additional clarifications) Indicator 
Construction period 

1.1 Need to reroute the traffic yes/no 
1.2 Period of temporary traffic management  year 
1.3 Duration of the construction period  year 
Operation period 

2.1 Improve the local economy, public and business sector yes/no 
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7 Comparison of the Alternatives 

7.1 Parameters of the Alternatives 

Introduction 

The parameters of all alternatives being analysed are presented below. The most 
important parameters are summarised in individual tables for each of the alternatives.  

Do Minimum 

 

Description 

The “Do Minimum” alternative is defined as rehabilitation of the existing E-79 road, 
which services the traffic through the area. The main issue with this alternative would 
be safety. The current road has high concentration of traffic accidents, with one of the 
highest rates in the country. The expected increase of traffic volumes will not exhaust 
the capacity of the road but in the future will lead to further increase of the number and 
severity of accidents.  
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The beginning of the section is at about km 376+000 (the end of Lot 3.1) and from there 
it follows the exact route of the existing road, which passes through the town of Kresna. 
The focus of the rehabilitation would be strengthening of the slopes next to the road. 
Rehabilitation of the existing bridges and tunnels is also envisaged. The route of E-79 
connects to Lot 3.3 at km 397+600. The construction of no additional intersections or 
interchanges is necessary. 

Operational Properties 

This alternative will continue using the existing E-79 road, which has two lanes and a 
total width of 10.5 m. The length of the section is 23.160 km. The design speed after 
rehabilitation will remain 60 km/h. The average uncongested speed (i.e. the free flow 
speed) along the part of the section in the Kresna Gorge is 72 km/h4 and is not expected 
to change significantly. The part of the road which passes through Kresna town has a 
speed limit of 50 km/h. The existing road has serious safety issues both in Kresna Gorge 
and Kresna town. Whilst it is considered that the “do minimum” may bring some 
improvement of safety, it is not expected to be substantial. Similarly, the Level of Service 
will not change much, as the very limited possibility to overtake slower vehicles will not 
be improved. 

Apart from safety, the other major issue of this scenario is the low reliability of the 
section where congestions due to accidents and slope failures are frequent.  

Environmental Impact 

The route passes through two NATURA 2000 sites - habitat protection area (SCI) 
ВG0000366 “Kresna-Ilindenci” and bird protection area (SPA) ВG0002003 “Kresna”. The 
alternative does not affect reserve Tisata, protected area Moravska and protected area 
Kresna Gorge.  

The alternative has been declared inadmissible with the 2008 EIA decision. 

Costs 

Without doubt the cheapest of the alternatives, the Do Minimum scenario would only 
entail investment costs of about € 39 million. Moreover, due to the 10.5 m standard of 
the road and the lack of major structures and tunnels, O&M costs would also be the 
lowest by comparison to the other alternatives – € 0.18 million per year. 

Economic Feasibility 

Based on the results of the mini CBA the Do Minimum scenario is economically feasible, 
mainly due to its low cost. It should be noted, that in addition to the lower economic 
costs, the economic benefits are also lower, as this alternative does not provide nearly 
as much benefits from reduced accidents, vehicle operating costs, noise and etc. The 
main economic indicators include ENPV of € 224 million, EIRR of 7.19% and a B/C ratio of 
1.37. 

 

4  As measured by NCSIP with a pair of Bluetooth sensors since 2013 
(http://ncsip.bg/files/Documents/Traffic%20Monitoring%20Report%20Kresna%20140731.pdf). 
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Summary of the Alternative Characteristics 

Do Minimum 
Technical  
Carriageway width  G10.5 
Design speed 60 km/h 
Free-flow speed 68.2 km/h 
Length (in km) 23.160 
Maximum gradient 4% 
Number of bridges 2 
Total length of bridges (in km) 0.50 
Number of tunnels 2 
Total length of tunnels (in km) 0.20 
Retaining walls (in km) 25.00 
Excavations suitable for fill (in 000s m3) 12 
Excavations unsuitable for fill (in 000s m3) 62 
Fill for disposal (in 000s m3) 38 
Affected area (in km2) 0.00 
Economic  
Investment costs in million € 39 
O&M costs per year in million € 0.18 
ENPV (in million €) 224.14 
EIRR 7.19% 
B/C ratio 1.37 
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KrasiBo - Brown 

 

Description 

The route separates from the existing road after the Krupnik interchange. At km 381+350 
it crosses the existing railway line to Kulata and Struma River, then passes through three 
tunnels, two bridges and one overpass and proceeds to the right of the existing road then 
continues with four overpasses. 

At km 388+300 the route passes through a tunnel with a length of about 730 meters, then 
continues through an overpass. At km 391+350 a correction of the Struma River is 
necessary to avoid crossing it again. A retaining wall will be constructed in the river bed 
from km 392+500 to km 393+100 and the route will pass close to a retaining wall.  

The construction of the motorway section can be expected to reduce the number of 
accidents and the mortality rates of some species of wild animals in the gorge, as 
mitigation measures could be implemented. 

Operational Properties 

This alternative features a road with a motorway standard A25 (that is, 25 m wide). The 
total length of the entire route is 20.953 km. The design speeds is 100 km/h, which in 
principle would allow operational speeds of about 110 km/h for most of road’s length, 
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except for the tunnel sections, where the speed limit will be 80 km/h. The maximum 
gradient is up to 3.1% in some sections. Taking into account these considerations an 
average free flow speed of 98.1 km/h has been calculated. 

Environmental Impact 

The route passes through two NATURA 2000 sites - habitat protection area (SCI) 
ВG0000366 “Kresna-Ilindenci” and bird protection area (SPA) ВG0002003 “Kresna”. 

The alternative does not affect reserve Tisata (passes under it with a tunnel) and 
protected area Moravska but it does affect protected area Kresna Gorge. This means that 
the construction of the route would conflict with the regime of the protected area 
defined in the order for its announcement and makes the alignment legally inadmissible. 
The alternative has also been declared inadmissible with the 2008 EIA decision. 

Costs 

With an investment cost of € 216 million this is one of the least expensive alternatives. 
The reason for this is the short length of tunnels and bridges foreseen, as structures are 
a major cost component for the other alternatives. The main items of the cost estimate 
include the following: 

□ Short tunnels - € 24 million  

□ Structures – € 54 million  

□ Earthworks - € 38 million 

□ Roadworks - € 37 million  

Economic Feasibility 

Based on the results of the mini CBA this alternative is also economically feasible, again 
chiefly due to its low investment costs. The main economic indicators include ENPV of 
€ 131 million, EIRR of 6.16% and a B/C ratio of 1.18. 

Summary of the Alternative Characteristics 

KrasiBo - Brown 
Technical   
Motorway standard А25 
Design speed 100 km/h 
Free-flow speed 98.1 km/h 
Length (in km) 20.953 
Maximum gradient 3.1% 
Number of bridges 16 
Total length of bridges (in km) 3.81 
Number of tunnels 5 
Total length of tunnels (in km) 1.98 
Retaining walls (in km) 4.30 
Excavations suitable for fill (in 000s m3) 3 535 
Excavations unsuitable for fill (in 000s m3) 720 
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Fill for disposal(in 000s m3) 2 007 
Affected area (in km2) 1.40 
Economic   
Investment costs in million € 216 
O&M costs per year in million € 1.14 
ENPV (in million €) 130.89 
EIRR 6.18% 
B/C ratio 1.18 

 

KrasiBo - Brown Dotted 

 

Description 

The Brown Dotted alternative separates from the Brown after Krupnik Interchange at km 
381+500 and continues through four bridges and two tunnels. The Brown Dotted route 
has better vertical alignment compared to the Brown. 

In the Kresna Gorge there are two high embankments at km 386+450 and km 391+580. At 
386+450 an embankment is envisaged instead of a structure in order to utilize the excess 

73 



 

spoil from the excavation of the tunnels. An adjustment of the Struma riverbed is also 
envisaged at this location. The embankment at km 391+580 is in the existing riverbed 
and presents little difficulty to execute. 

Eight deep cuts are planned in the Kresna Gorge. The left side of all cuts has a gradient 
of 1:1.75. The right sides will be supported by retaining walls. Cuts with slopes of 1:1.5 
will be landscaped. The route ends at the Kresna interchange at km 393+500. 

The construction of the motorway section can be expected to reduce the number of 
accidents and the mortality rates of some species of wild animals in the gorge, as 
mitigation measures could be implemented. 

Operational Properties 

This alternative features motorway standard A25 (that is, 25 m of width). The total length 
of the entire route is 20.343 km. The design speeds is 100 km/h, which in principle would 
allow operational speeds of about 110 km/h for most of road’s length, except for the 
tunnel sections, where the speed limit is 80 km/h. The maximum gradient of up to 4% in 
some sections will affect the operational speeds in these sections. Taking into account 
these considerations an average free flow speed of 97.3 km/h has been calculated. 

Environmental Impact 

The route passes through two NATURA 2000 sites - habitat protection area (SCI) 
ВG0000366 “Kresna-Ilindenci” and bird protection area (SPA) ВG0002003 “Kresna”. 

The alternative does not affect reserve Tisata (passes with a tunnel under it) and 
protected area Moravska but it does affect protected area Kresna Gorge. This means that 
the construction of the route would conflict with the regime of the protected area 
defined in the order for its announcement and makes the alignment legally inadmissible. 
The alternative has also been declared inadmissible with the 2008 EIA decision. 

Costs 

This alternative is slightly more expensive than the Brown with an investment cost of 
€ 249 million. Again this is due to the low number and length of tunnels and bridges. The 
main items of the cost estimate include the following: 

□ Short tunnels - € 54 million  

□ Structures – € 50 million  

□ Earthworks - € 38 million 

□ Roadworks - € 37 million  

Economic Feasibility 

Based on the results of the mini CBA this alternative is economically feasible. The main 
economic indicators include ENPV of € 111 million, EIRR of 5.96% and a B/C ratio of 1.15. 
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Summary of the Alternative Characteristics 

KrasiBo – Brown Dotted 
Technical   
Motorway standard А25 
Design speed 100 km/h 
Free-flow speed 97.3 km/h 
Length (in km) 20.343 
Maximum gradient 4% 
Number of bridges 14 
Total length of bridges (in km) 3.51 
Number of tunnels 7 
Total length of tunnels (in km) 2.73 
Retaining walls (in km) 4.05 
Excavations suitable for fill (in 000s m3) 3,438 
Excavations unsuitable for fill (in 000s m3) 720 
Fill for disposal(in 000s m3) 2,401 
Affected area (in km2) 1.30 
Economic   
Investment costs in million € 249 
O&M costs per year in million € 1.32 
ENPV (in million €) 110.85 
EIRR 5.96% 
B/C ratio 1.15 
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NSI Blue – 11 km Tunnel 

 

Description 

After the village of Krupnik the motorway leaves road I-1 (at km 379+430) by passing over 
a bridge with a length of about 150 metres over Struma River, the existing railway line 
and a municipal road, then enters the mountainous massif on the west side of Kresna 
Gorge with a 2 km tunnel, followed by a 40 m viaduct. 

A second tunnel with a length of 11.300 m is featured, which is followed by a 120 m long 
bridge that crosses Struma River and the railway line east of Kresna town. Then the 
alignment enters another tunnel with 650 m of length. After leaving the tunnel the 
alignment ends at an interchange south of Kresna. 

The construction of a long tunnel can be expected to reduce the number of accidents 
with wild animals and their mortality rates in the gorge. The tunnel east of Kresna can 
be expected to minimise the exposure of noise and pollution of the Kresna population. 

The study that produced this alternative was very limited in scope and only consisted of 
a short explanatory note and drawings of the horizontal and vertical alignments of the 
alternative. Important data such as tunnel cross-section, number of tubes, geological 
information, cost estimates, etc. were missing.  
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Operational Properties 

This alternative features a road with motorway standard of A29 (that is, 29 m width). 
The total length of the alignment is 21.122 km. The design speed is 120 km/h and the 
operational speed is expected to be about 110 km/h, except for the tunnel sections, 
where the speed limit is set to 80 km/h. The maximum gradient of up to 3% in some 
sections may also affect the operational speeds. An average free-flow speed of 90.1 km/h 
has been calculated. 

Environmental Impact 

The route passes through two NATURA 2000 sites - habitat protection area (SCI) 
ВG0000366 “Kresna-Ilindenci” and bird protection area (SPA) ВG0002003 “Kresna”. 

The alternative passes with a long tunnel through the Kresna Gorge and does not affect 
reserve Tisata, protected area Moravska and protected area Kresna Gorge. It is therefore 
admissible. 

Costs 

The cost of this alternative is estimated at € 768 million. The 11 km tunnel forms the 
major part of the investment costs. Moreover, although the main tunnel is shorter in 
comparison to other alternatives, the additional tunnels bring the total tunnel length to 
over 14 km. The total costs for the construction of these tunnels is given below: 

□ Short, medium and long tunnels - € 456 million  

□ Structures - € 16 million 

□ Earthworks - € 61 million  

□ Roadworks - € 45 million  

Economic Feasibility 

Based on the results of the mini CBA this alternative is economically unfeasible – the 
main reason for this is the high investment cost. The main economic indicators include 
ENPV of € -208 million, EIRR of 3.62% and a B/C ratio of 0.81. 

Summary of the Alternative Characteristics 

NSI Blue - 11km Tunnel 
Technical   
Motorway standard A29 
Design speed 120 km/h 
Free-flow speed 90.1 km/h 
Length (in km) 21.122 
Maximum gradient 1.5% - 3% 
Number of bridges 4 
Total length of bridges (in km) 820.00 
Number of tunnels 3 
Total length of tunnels (in km) 14.03 
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Retaining walls (in km) 4.70 
Excavations suitable for fill (in 000s m3) 6,402 
Excavations unsuitable for fill (in 000s m3) 144 
Fill for disposal(in 000s m3) 4,789 
Affected area (in km2) 1.36 
Economic   
Investment costs in million € 768 
O&M costs per year in million € 4.32 
ENPV (in million €) -208.40 
EIRR 3.62% 
B/C ratio 0.81 

 

NSI – 6 Tunnels 

 

Description 

This alternative features six tunnels in the section between km 376+067 and km 397+800. 
The total length of the tunnels is 14 940 metres, with individual lengths of 2 080, 3 540, 
1 000, 4 450, 1 950 and 1 920. Additionally, 9 bridges of total length of 1 305 metres 
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would be required – the bridges having individual lengths of 135, 130, 420, 20, 40, 40, 
40, 160 and 320 metres. 

The study that produced this alternative was very limited in scope and only consisted of 
a short explanatory note and drawings of the horizontal and vertical alignments of the 
alternative. Important data such as cost estimates, maximum gradients, etc. were 
missing.  

The construction of the motorway section can be expected to reduce the number of 
accidents with some species of wild animals and their mortality rates in the gorge. 

Operational Properties 

This alternative features a road with a motorway standard of A29 (that is, 29 m wide). 
The total length of the route is 20.790 km. The design speed is 120 km/h and the 
operational speed is expected to be about 110 km/h, except for the tunnel sections, 
where the speed limit is 80 km/h. An average free-flow speed of 88.4 km/h has been 
calculated. 

Environmental Impact 

The route passes through two NATURA 2000 sites - habitat protection area (SCI) 
ВG0000366 “Kresna-Ilindenci” and bird protection area (SPA) ВG0002003 “Kresna”. 

The alternative does not affect protected area Moravska (passes with a tunnel under it) 
but affects reserve Tisata and protected area Kresna Gorge. This means that the 
construction of the route would conflict with the regime of the protected areas defined 
in the order for their announcement and the alternative is therefore not admissible. The 
alternative has also been declared inadmissible with the 2008 EIA decision. 

Costs 

The investment costs of this alternative amount to € 774 million. The total tunnel length 
is about 15 km and forms the main component of the total investment costs. A breakdown 
of the tunnel investment costs is given below: 

□ Medium and long tunnels - € 465 million  

□ Structures - € 22 million 

□ Earthworks - € 61 million  

□ Roadworks - € 44 million  

Economic Feasibility 

Based on the results of the mini CBA this alternative is economically unfeasible – the 
main reason for this is the high investment cost. The main economic indicators include 
ENPV of € -216 million, EIRR of 3.58% and a B/C ratio of 0.80. 
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Summary of the Alternative Characteristics 

NSI – 6 Tunnels 
Technical   
Motorway standard A29 
Design speed 120 km/h 
Free-flow speed 88.4 km/h 
Length (in km) 20.790 
Maximum gradient 4% 
Number of bridges 9 
Total length of bridges (in km) 1.31 
Number of tunnels 6 
Total length of tunnels (in km) 14.94 
Retaining walls (in km) 2.40 
Excavations suitable for fill (in 000s m3) 6,402 
Excavations unsuitable for fill (in 000s m3) 144 
Fill for disposal(in 000s m3) 4,789 
Affected area (in km2) 1.01 
Economic   
Investment costs in million € 774 
O&M costs per year in million € 4.54 
ENPV (in million €) -215.99 
EIRR 3.58% 
B/C ratio 0.80 
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SPEA – Red 

 

Description 

Starting from Krupnik interchange the alignment enters the Struma valley and crosses 
the gorge mainly through viaducts and numerous tunnels (needed due to the sharp river 
bends). The route also crosses several times with overpasses the existing railway line, 
which runs along the east bank of the river. From km 392+250, and to its end at km 
395+923, the route follows the direction of the existing E-79 road.  

Interchanges at Krupnik, the village of Stara Kresna at km 392+749 and the town of Kresna 
are foreseen. Local traffic will continue to use the existing road on the west bank of 
Struma River and will allow connection with the villages and Kresna town using the 
interchanges.  

The defining feature of this alternative is the bridges with columns in the bed of Struma 
River. The need to limit maintenance, while preserving the radius of the curves on the 
track and the characteristics of the foundation soils, led to the identification of two 
construction modules with lengths of 126 and 75 metres. The top frame is of box-like 
beams, steel frames, reinforced concrete top and bottom plates – executed using the 
method of cantilever shuttering. The choice of this method of construction is based on 
the need to use light elements, easy for use in the construction of the bridges. 
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The construction of the motorway section can be expected to reduce the number of 
accidents with some species of wild animals and their mortality rates in the gorge. 

Operational Properties 

This alternative features a road with a motorway standard of A25 (that is, width 25 m). 
The total length of the route is 21.193 km. The design speed is 100 km/h, but operational 
speeds may reach up to 110 km/h, except for the tunnel sections, where the speed limit 
is 80 km/h. An average free-flow speed of 105.9 km/h has been calculated. 

Environmental Impact 

The route passes through two NATURA 2000 sites - habitat protection area (SCI) 
ВG0000366 “Kresna-Ilindenci” and bird protection area (SPA) ВG0002003 “Kresna”. 

The alternative does not affect reserve Tisata (passes with a tunnel under it) and 
protected area Moravska but affects protected area Kresna Gorge. This means that the 
construction of the route would conflict with the regime of the protected area defined 
in the order for its announcement and the alternative is therefore not admissible. The 
alternative has also been declared inadmissible with the 2008 EIA decision. 

Costs 

The investment costs for this alternative amount to € 366 million. Unlike most other 
alternatives, where the major cost component is the cost of the tunnels, the greatest 
single expense for the SPEA Red is the cost of bridges and overpasses:  

□ Bridges and Overpasses - € 142 million 

□ Short tunnels - € 62 million 

□ Earthworks - € 27 million  

□ Roadworks - € 38 million  

Economic Feasibility 

Based on the results of the mini CBA this alternative is economically feasible, although 
barely. The main economic indicators include ENPV of € 42 million, EIRR of 5.34% and a 
B/C ratio of 1.05. 

Summary of the Alternative Characteristics 

SPEA – Red 
Technical   
Motorway standard А25 
Design speed 100 km/h 
Free-flow speed 105.9 km/h 
Length (in km) 21.193 
Maximum gradient 2% 
Number of bridges 29 
Total length of bridges (in km) 10.27 
Number of tunnels 8 
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Total length of tunnels (in km) 2.90 
Retaining walls (in km) 3.60 
Excavations suitable for fill (in 000s m3) 2 185 
Excavations unsuitable for fill (in 000s m3) 720 
Fill for disposal(in 000s m3) 1 894 
Affected area (in km2) 1.34 
Economic   
Investment costs in million € 366 
O&M costs per year in million € 1.39 
ENPV (in million €) 41.82 
EIRR 5.34% 
B/C ratio 1.05 

 

SPEA – Green 

 

Description 

This alternative begins at Krupnik interchange then passes over Struma River and the 
existing railway line, and continues on the west side of the gorge. In this section the 
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alignment goes through 8 tunnels with a total length of 6 700 metres, with the longest 
tunnel being 3 270 metres long. It is also envisaged to build 10 bridges and viaducts with 
a total length of 1 900 m, the longest being 470 meters. 

After km 395+000 the route crosses Struma River twice and continues along the east bank 
of the river until it reaches the beginning of Lot 3.3. In this section, 3 short tunnel with 
a total length of about 320 meters and 13 bridges and overpasses with total length of 
1 700 meters are envisaged. There are two overpasses longer than 100 m - respectively 
714 and 292 meters. 

The construction of the motorway section can be expected to reduce the number of 
accidents with some species of wild animals and their mortality rates in the gorge. 

Operational Properties 

This alternative features a road with a motorway standard of A25 (that is, 25 m wide). 
The total length of the alignment is 21.082 km. The design speed is 100 km/h, but 
operational speeds might reach up to 110 km/h, except for the tunnel sections, where 
the speed limit is 80 km/h. An average free-flow speed of 94.8 km/h has been calculated. 

Environmental Impact 

The route passes through two NATURA 2000 sites - habitat protection area (SCI) 
ВG0000366 “Kresna-Ilindenci” and bird protection area (SPA) ВG0002003 “Kresna”. 

The alternative does not affect reserve Tisata (passes with a tunnel under it) and 
protected area Moravska but affects protected area Kresna Gorge. This means that the 
construction of the route would conflict with the regime of the protected area defined 
in the order for its announcement, which makes the alternative legally inadmissible. The 
alternative has also been declared inadmissible with the 2008 EIA decision. 

Costs 

This alternative is more expensive than the SPEA Red with a total investment cost of 
€ 616 million. The main cost component are the tunnels with a total length of 10.65 km: 

□ Short, medium and long tunnels - € 320 million  

□ Structures - € 43 million 

□ Earthworks - € 63 million  

□ Roadworks - € 38 million  

Economic Feasibility 

Based on the results of the mini CBA this alternative is unfeasible. The main economic 
indicators include ENPV of € -117 million, EIRR of 4.17% and a B/C ratio of 0.88. 
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Summary of the Alternative Characteristics 

SPEA – Green 
Technical   
Motorway standard А25 
Design speed 100 km/h 
Free-flow speed 94.8 km/h 
Length (in km) 21.082 
Maximum gradient 2% 
Number of bridges 23 
Total length of bridges (in km) 3.56 
Number of tunnels 11 
Total length of tunnels (in km) 10.65 
Retaining walls (in km) 1.70 
Excavations suitable for fill (in 000s m3) 5,786 
Excavations unsuitable for fill (in 000s m3) 720 
Fill for disposal(in 000s m3) 5,600 
Affected area (in km2) 1.01 
Economic   
Investment costs in million € 620 
O&M costs per year in million € 3.43 
ENPV (in million €) -116.70 
EIRR 4.17% 
B/C ratio 0.88 
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Eco A Eastern 

 

Description 

This alternative begins at the Simitli interchange at elevation 300 m above sea level. 
From there the alignment continues southeast and begins a steep ascend, sometimes 
with gradients of 5%, until it finally reaches km 389+900 – the highest point of the section 
at 674 m elevation. To reach this point, the motorway passes through five bridges and 
viaducts (lengths of 270, 390, 630, 450, 420 metres) and three tunnels (lengths of 495, 
2 600, 1 435 metres). 

From there the route begins a steep descent, with gradients of about 5%, heading due 
south. The route passes near the Tisata reserve and east of the town of Kresna. At km 
403+500 it connects to Kresna interchange, at 180 m elevation. During its descent the 
alignment passes through 5 bridges and viaducts (lengths of 270, 2 400, 360, 240, 1 800 
metres) and 4 tunnels (lengths 1 185, 2 360, 2 750, 2 040 metres). 

Apart from the extreme longitudinal gradients, another undesirable characteristic of this 
alternative is that it passes very close to the villages of Brezhani, Rakitna and Mechkul 
(in effect going through Mechkul). 
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Operational Properties 

This alternative features motorway standard of A29 (that is, width 29 m). The total length 
of the entire route is 28.658 km. The design speed is 120 km/h but the operational speed 
is expected to be much lower because of the long sections with extreme gradients. In 
the tunnel sections the speed limit is assumed 80 km/h. The maximum gradient of up to 
5% is expected to significantly lower the operational speeds and increase accident rates 
due to the higher difference between the speeds of HGVs and cars. An average free-flow 
speed of 91.0 km/h has been calculated. 

Environmental Impact 

The route passes through two NATURA 2000 sites - habitat protection area (SCI) 
ВG0000366 “Kresna-Ilindenci” and bird protection area (SPA) ВG0002003 “Kresna”. 

The alternative does not affect reserve Tisata and protected area Moravska but affects 
protected area Kresna Gorge. This means that the construction of the route would 
conflict with the regime of the protected area defined in the order for its announcement 
and makes the alternative legally inadmissible. The alternative has also been found to 
be inadmissible with the 2007 Appropriate Assessment (part of the 2007 EIA). 

Costs 

Among the more expensive alternatives, Eco A Eastern entails investment costs of € 781 
million. The major components of these costs are the construction of tunnels, bridges 
and overpasses. The main cost components of this alternative are given below: 

□ Short and medium tunnels - € 356 million 

□ Bridges and Overpasses - € 117 million 

□ Earthworks - € 58 million  

□ Roadworks - € 61 million  

Economic Feasibility 

Based on the results of the mini CBA this alternative is economically unfeasible – the 
main reason for this is the high investment cost. The main economic indicators include 
ENPV of € -221 million, EIRR of 3.54% and a B/C ratio of 0.80. 

Summary of the Alternative Characteristics 

Eco A Eastern 
Technical   
Motorway standard A29 
Design speed 120 km/h 
Free-flow speed 91.0 km/h 
Length (in km) 28.658 
Maximum gradient 5% 
Number of bridges 10 
Total length of bridges (in km) 7.23 
Number of tunnels 7 
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Total length of tunnels (in km) 12.87 
Retaining walls (in km) 2.86 
Excavations suitable for fill (in 000s m3) 5 827 
Excavations unsuitable for fill (in 000s m3) 252 
Fill for disposal(in 000s m3) 4 958 
Affected area (in km2) 1.04 
Economic   
Investment costs in million € 781 
O&M costs per year in million € 4.23 
ENPV (in million €) -221.28 
EIRR 3.54% 
B/C ratio 0.80 

 

Eco B Eastern 

 

Description 

This alternative begins with a route, similar to that of the Eco A Eastern alternative – 
starting from Simitli interchange, then going southeast to km 389+500. From there the 
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alignment makes a turn to the east to km 390+000 and then another turn to the south. 
This is a steep ascend and includes a section of about 2 km with gradient of 5%. At km 
391+900 the route reaches its highest point at 747 m elevation. To this point the 
alignment passes through 4 bridges and viaducts (lengths of 270, 390, 630, 510 metres) 
and three tunnels (lengths of 495, 2 600, 1 330 metres). 

The gradient of the descent is 4.2% for most of its length and the motorway reaches the 
village of Strumiani at 130 m elevation. The route passes 500 metres north of the village. 
The downhill route requires three bridges and viaducts (lengths of 660, 690, 480 metres) 
and three tunnels (lengths of 3 140, 2 180, 8 500 metres). 

Apart from the extreme longitudinal gradients, another undesirable characteristic of this 
alternative is that it passes very close to the villages of Brezhani, Rakitna, Mechkul (in 
effect going through Mechkul), Senokos and Oshtava. 

Operational Properties 

This alternative features motorway standard of A29 (that is, 29 m width). The total length 
of the alignment is 32.608 km. The design speed is 120 km/h. In the tunnel sections the 
speed limit is assumed 80 km/h. The maximum gradient of up to 5% in some sections is 
expected to significantly lower the operational speeds and increase accident rates due 
to the higher difference between the speeds of HGVs and cars. An average free-flow 
speed of 88.8 km/h has been calculated. 

Environmental Impact 

The route passes through two NATURA 2000 sites - habitat protection area (SCI) 
ВG0000366 “Kresna-Ilindenci” and bird protection area (SPA) ВG0002003 “Kresna”. 

The alternative does not affect reserve Tisata, protected area Moravska or protected 
area Kresna Gorge. The alternative has been found to be inadmissible by the 2007 
Appropriate Assessment (part of the 2007 EIA). 

Costs 

By far the most expensive alternative, the Eco B Eastern would require investment costs 
amounting to € 1 139 million. These costs are so high because the alternative is longest, 
requires extreme lengths of long tunnels (18.25 km), major bridges and overpasses, as 
well as significant earthworks.  

Some of the main components of the investment cost are given below: 

□ Short, medium and long tunnels - € 661 million  

□ Structures - € 60 million  

□ Earthworks - € 87 million  

□ Roadworks - € 70 million  

Economic Feasibility 

Based on the results of the mini CBA this is the least economically feasible of all of the 
alternatives – the highest investment costs are the reasons for this. The main economic 
indicators include ENPV of € -441 million, EIRR of 2.50% and a B/C ratio of 0.67. 
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Summary of the Alternative Characteristics 

Eco B Eastern 
Technical   
Motorway standard A29 
Design speed 120 km/h 
Free-flow speed 88.8 km/h 
Length (in km) 32.608 
Maximum gradient 4% 
Number of bridges 7 
Total length of bridges (in km) 3.63 
Number of tunnels 6 
Total length of tunnels (in km) 18.25 
Retaining walls (in km) 3.72 
Excavations suitable for fill (in 000s m3) 8 701 
Excavations unsuitable for fill (in 000s m3) 486 
Fill for disposal(in 000s m3) 7 289 
Affected area (in km2) 1.43 
Economic   
Investment costs in million € 1 139 
O&M costs per year in million € 6.58 
ENPV (in million €) -441.45 
EIRR 2.50% 
B/C ratio 0.67 
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Long Dual Tunnel (EIA Approved) 

 

Description 

As already explained above, this alternative is a further development of the EIA Approved 
/ NSI Violet – 13 km Tunnel alternative. The EIA Approved alignment featured a 2 km 
tunnel, followed by a 40 m long viaduct, followed by a 13.3 km tunnel. The Long Dual 
Tunnel alternative envisages the construction of a 15.4 km long tunnel at the west side 
of Kresna Gorge, which is a result of joining the two tunnels foreseen for the EIA Approved 
alternative.  

The tunnel alignment generally follows the EIA Approved alignment, although some 
unnecessary curves underground have been avoided. The elements of the tunnel’s 
horizontal curves have been designed, so that the cross-grade in curves is one-sided and 
no rotation of the pavement edge is needed in curves, which could hamper both drainage 
and ventilation. The alignment has minimum coverage of 20-30 m and for shorter 
sections, which is an improvement in comparison with the original vertical alignment. 

The alignment begins at Krupnik interchange at km 377+600 and after crossing the Rezena 
River at km 378+520 heads towards the northern portal of the 15.4 km tunnel Kresna. 
Before reaching the portal it crosses Struma River, the existing railway Sofia-Kulata and 
a local road. 
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Kresna Tunnel runs from km 379+267 to km 394+605 (left tube) and from km 379+255 to 
km 394+600 (right tube). After the south tunnel portal, the motorway crosses an existing 
third class road and Struma River, passes between the river and Kresna town, passes 
through Kresna interchange and ends at km 397+000. 

In order to minimise the time for construction of Kresna tunnel there have been about 8 
intermediate access locations studied. The purpose of these was to allow construction 
from multiple tunnel faces and thus increase the rate of progress. Three such locations 
have been selected (mainly due to environmental considerations), and one of them would 
serve as a permanent ventilation tube. Using the intermediate adits would allow the 
theoretical time for completing the tunnel to be reduced to about 7 years.  

The construction of the tunnel can be expected to reduce the number of accidents and 
the mortality rates of the wild animals in the gorge. 

The study that produced this alternative was very limited in scope and only consisted of 
a short explanatory note and drawings of the horizontal and vertical alignments of the 
alternative. Important data such as tunnel cross-section, number of tubes, geological 
information, cost estimates, etc. were missing. Eventually a preliminary design was 
prepared and the missing information obtained. 

Operational Properties 

This alternative features motorway standard of A29 (that is, 29 m width). The total length 
of the alignment is 20.420 km. The design speed is 140 km/h, however the operational 
speed inside the tunnel will not exceed 80 km/h. An average free-flow speed of 87.4 
km/h has been calculated. 

Environmental Impact 

The route passes through two NATURA 2000 sites - habitat protection area (SCI) 
ВG0000366 “Kresna-Ilindenci” and bird protection area (SPA) ВG0002003 “Kresna”. 

The alternative passes with a long tunnel through Kresna Gorge and does not affect 
reserve Tisata, protected area Moravska and protected area Kresna Gorge. The locations 
of the intermediate access tunnels and ventilation tunnel have been selected in such a 
way, so that they do not affect the reserve or the two protected areas. The alternative 
is therefore admissible. 

Costs 

The Long Dual Tunnel (EIA Approved) alternative is the second the most expensive 
alternative for Lot 3.2 with total investment costs of € 812 million. Unlike Eco B Eastern, 
however, the majority of the costs are for the construction of one major structure – a 
15.4 km twin tube tunnel, whose investment costs alone amount to € 518 million. The 
remaining major cost components are as follows: 

□ Earthworks - € 43 million 

□ Roadworks - € 44 million 

□ Structures - € 23 million 
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Economic Feasibility 

Based on the results of the mini CBA this alternative is economically unfeasible – the 
main reason for this is the high investment cost. The main economic indicators include 
ENPV of € -239 million, EIRR of 3.46% and a B/C ratio of 0.79. 

Summary of the Alternative Characteristics 

Long Dual Tunnel 
Technical   
Motorway standard А29 
Design speed 140 km/h 
Free-flow speed 87.4 km/h 
Length (in km) 20.420 
Maximum gradient 2% 
Number of bridges 11 
Total length of bridges (in km) 1.37 
Number of tunnels 1 
Total length of tunnels (in km) 15.36 
Retaining walls (in km) 0.50 
Excavations suitable for fill (in 000s m3) 4 575 
Excavations unsuitable for fill (in 000s m3) 100 
Fill for disposal(in 000s m3) 3 227 
Affected area (in km2) 0.49 
Economic   
Investment costs in million € 812 
O&M costs per year in million € 4.64 
ENPV (in million €) -238.97 
EIRR 3.46% 
B/C ratio 0.79 

 

Long Single Tunnel (with unidirectional traffic) 

Description 

This alternative is a variation of the Long Dual Tunnel (EIA Approved) alternative, but 
instead of two tubes only one would be constructed. The existing road services the traffic 
going north, while the traffic going south uses the tunnel. Although only one tube for 
traffic is constructed, an additional smaller tube, running parallel to the main one, will 
also be required for evacuation in cases of emergency. The need of intermediate access 
tunnels and a ventilation tunnel remains as with the Long Dual Tunnel. 

The construction of the long tunnel can be expected to reduce the number of accidents 
in the gorge and to some extent (although lesser than the Long Dual Tunnel alternative) 
reduce the mortality rates of the wild animals. 
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Operational Properties 

The alternative features motorway standard A29 without emergency lanes for the tunnel 
and 10.5 m wide road for the other carriageway, which uses the existing E-79 road. The 
total length of the alignment is 20.420 km. The design speeds are 140 km/h and 60 km/h 
for the tunnel and road sections respectively, however the operational speed inside the 
tunnel will not exceed 80 km/h. Accordingly an average free-flow speed of 77.8 km/h is 
calculated. 

Environmental Impact 

The route passes through two NATURA 2000 sites - habitat protection area (SCI) 
ВG0000366 “Kresna-Ilindenci” and bird protection area (SPA) ВG0002003 “Kresna”. 

The alternative passes with a long tunnel through the Kresna Gorge and does not affect 
reserve Tisata, protected area Moravska and protected area Kresna Gorge. The locations 
of the intermediate access tunnels and ventilation tunnel have been selected in such a 
way, so that they do not affect the reserve or the two protected areas. The alternative 
is therefore admissible. 

Costs 

This variation of the Long Dual Tunnel alternative is less expensive due to the 
construction of a single fully sized tunnel tube. The total investment costs are not halved, 
however, as the additional emergency tube that is required for single tube tunnels brings 
the total investment costs to € 747 million. Moreover, this alternative includes costs for 
the rehabilitation of the existing road, which is used as one of the carriageways. The 
majority of the costs are for the construction of the 15.4 km single tube tunnel, whose 
investment cost amounts to € 441 million. The other major cost components are as 
follows: 

□ Earthworks - € 49 million 

□ Roadworks - € 63 million 

□ Structures - € 23 million 

Economic Feasibility 

Based on the results of the mini CBA this alternative is economically unfeasible. The main 
economic indicators include ENPV of € -190 million, EIRR of 3.74% and a B/C ratio of 0.82 

Summary of the Alternative Characteristics 

Long Single Tunnel (with unidirectional traffic) 
Technical   
Motorway standard A29/10.5 m 
Design speed 60/140 km/h 
Free-flow speed 77.8 km/h 
Length (in km) 20.420 
Maximum gradient 2% 
Number of bridges 11 
Total length of bridges (in km) 1.37 
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Number of tunnels 1 
Total length of tunnels (in km) 15.36 
Retaining walls (in km) 1.80 
Excavations suitable for fill (in 000s m3) 3,045 
Excavations unsuitable for fill (in 000s m3) 100 
Fill for disposal(in 000s m3) 1,697 
Affected area (in km2) 0.49 
Economic   
Investment costs in million € 728 
O&M costs per year in million € 2.63 
ENPV (in million €) -190.20 
EIRR 3.74% 
B/C ratio 0.82 

 

Long Single Tunnel (with bidirectional traffic) 

Description 

This is another variation of the Long Dual Tunnel (EIA Approved) alternative which 
features a long single-tube tunnel but this time with bidirectional traffic. The existing E-
79 road remains operational as an alternative route in case of accidents, maintenance 
and to be used by dangerous goods vehicles. Similarly to the other single tunnel 
alternative, one fully sized tube is constructed but an additional smaller tube running 
parallel to the main one is also necessary for emergency evacuation. The need of 
intermediate access tunnels and a ventilation tunnel remains as with the Long Dual 
Tunnel. 

The construction of the long tunnel can be expected to reduce the number of accidents 
in the gorge and to some extent (although lesser than the Long Dual Tunnel alternative 
but perhaps greater than the Long Single Tunnel with unidirectional traffic) reduce the 
mortality rates of the wild animal. However, a substantially higher rate and severity of 
accidents in the tunnel may be expected. 

Operational Properties 

This alternative features 10.5 m wide carriageway in the tunnel (that is, 2 lanes of 3.5 
m width) and motorway standard of A29 for the open sections, adjacent to the tunnel. 
The total length of the alignment is 20.420 km. The design speed is 140 km/h, but the 
operational speeds within the tunnel will not exceed 80 km/h. An average free-flow 
speed of 87.4 km/h has been calculated. 

Environmental Impact 

The route passes through two NATURA 2000 sites - habitat protection area (SCI) 
ВG0000366 “Kresna-Ilindenci” and bird protection area (SPA) ВG0002003 “Kresna”. 

The alternative passes with a long tunnel through Kresna Gorge and does not affect 
reserve Tisata, protected area Moravska and protected area Kresna Gorge. The locations 
of the intermediate access tunnels and ventilation tunnel have been selected in such a 
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way, so that they do not affect the reserve or the two protected areas. The alternative 
is therefore admissible. 

Costs 

The cost estimate is almost identical to the cost estimate of the Long Single Tunnel with 
unidirectional traffic. The only difference being the slightly higher tunnel investment 
costs. Unidirectional traffic drives the air through the tube, which makes ventilation 
easier, whilst the air currents from traffic moving in opposite directions cancel each 
other. The absence of natural air flow makes bidirectional traffic more difficult to 
ventilate. This results in the need for higher area of air ducts, hence higher total area of 
the tunnel. This has been accounted for with an assumption for 10% increase of the tunnel 
area, hence 10% increase of the per m unit rate for tunnel construction. However, no 
costs for rehabilitating the existing road have been included.  

The major cost components are as follows: 

□ Long tunnel - € 454 million 

□ Earthworks - € 30 million 

□ Roadworks - € 41 million 

□ Structures - € 16 million 

Economic Feasibility 

Based on the results of the mini CBA this alternative is economically unfeasible. The main 
economic indicators include ENPV of € -164 million, EIRR of 3.89% and a B/C ratio of 0.84. 

Summary of the Alternative Characteristics 

Long Single Tunnel (with bidirectional traffic) 
Technical   
Motorway standard A29 
Design speed 140 km/h 
Free-flow speed 87.4 km/h 
Length (in km) 20.420 
Maximum gradient 2% 
Number of bridges 11 
Total length of bridges (in km) 1.37 
Number of tunnels 1 
Total length of tunnels (in km) 15.36 
Retaining walls (in km) 0.62 
Excavations suitable for fill (in 000s m3) 3,045 
Excavations unsuitable for fill (in 000s m3) 100 
Fill for disposal(in 000s m3) 1,697 
Affected area (in km2) 0.49 
Economic   
Investment costs in million € 701 
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O&M costs per year in million € 2.63 
ENPV (in million €) -163.93 
EIRR 3.89% 
B/C ratio 0.84 

 

Dual Carriageway 

 

Description 

The alternative features dual carriageway road standard G20 (20 m width) that includes 
2 carriageways, each having 2 x 3.75 m lanes. The design speed, which determines the 
lowest radius of horizontal and vertical curves, is 80 km/h. One of the carriageways uses 
the existing E-79 road (about 80% of its length) and the other carriageway develops 
independently. The goal is to maximize the use of the existing road and thus minimize 
the use of surrounding land. In some sections, in order to remain within the boundaries 
of the existing road and to avoid sensitive habitats and protected area Kresna Gorge the 
two carriageways are designed one above the other. 

There is a total of 7 dual tube tunnels, and for 2 of them only one of the tubes will be 
newly constructed and the other tube is existing and will only be rehabilitated. The total 
(single tube) length of the tunnels is 3 302 m (including 2 892 m new and 410 m existing). 
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There are 11 bridges and viaducts in total. The total (single carriageway) length of these 
structures is 3 742 m (3 242 m new and 500 m existing). Together with the 3 sections 
where the carriageways are one on top of the other, the total length of bridges and 
viaducts becomes 7.1 km. Also featured are a total of 11 overpasses.  

As slope stability is an issue for all alternatives in the gorge, there are generally 3 types 
of slope support measures designed – regular concrete supporting/retaining walls, walls 
of earth material reinforced with geotextile and supports with anchors, nets and 
shotcrete.  

The alignment begins at Krupnik interchange at km 378+450 and passes on the west bank 
of Struma River for most of its length, only crossing it to straighten curves of the existing 
road with small radiuses. The access to adjacent rafting camps is ensured at a number 
of locations. The sections where the carriageways are to be constructed one on top of 
the other are km 386+680 – km 387+470, km 388+000 – km 388+820 and km 390+100 to 
km 392+300 (the third section is adjacent to Kresna Gorge national protected area). 

At about km 393+800 the alignment diverges from the existing road in order to bypass 
Kresna town from east. An interchange is designed there, so that the access to Kresna 
town from north is ensured.  

In order to reduce the exposure of the population of Kresna to noise and pollution the 
alignment has been moved as much east, as reasonable. Because of this three new 
tunnels with a lengths of 400 m 200 m and 240 m are planned. Then a 630 m long viaduct 
follows and the alternative ends at the interchange south of Kresna, 

Operational Properties 

The length of the alignment is 23.79 km. The design speed is 80 km/h for most of the 
length and 120 km/h in the southern section for about 5 km. The main determinants for 
the operational speed are the tunnel sections with speed limit of 80 km/h. An average 
free-flow speed of 98.8 km/h has been calculated. 

Environmental Impact 

The route passes through two NATURA 2000 sites - habitat protection area (SCI) 
ВG0000366 “Kresna-Ilindenci” and bird protection area (SPA) ВG0002003 “Kresna”. 

The alternative does not affect reserve Tisata, protected area Moravska and protected 
area Kresna Gorge. It is therefore admissible. 

Costs 

The Dual Carriageway is one of the least expensive alternatives for Lot 3.2. The 
alternative still envisages fewer and shorter tunnels than most other alternatives. 
Instead, the design includes more bridges, viaducts and overpasses. The main 
components of the investment costs are given below:  

□ Short tunnels - € 34 million  

□ Structures - € 72 million  

□ Earthworks - € 66 million  

□ Roadworks - € 36 million  
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Economic Feasibility 

Based on the results of the mini CBA this alternative is economically feasible – it is among 
the highest scoring of all alternatives on this criterion. The main economic indicators 
include ENPV of € 89 million, EIRR of 5.75% and a B/C ratio of 1.12. 

Summary of the Alternative Characteristics 

Dual Carriageway 
Technical   
Motorway standard G20 
Design speed 80/100 km/h 
Free-flow speed 98.8 km/h 
Length (in km) 23.79 
Maximum gradient 5% 
Number of bridges 24 
Total length of bridges (one-directional in km) 7.10 
Number of tunnels 7 
Total length of tunnels (one-directional in km) 2.90 
Retaining walls (in km) 8.70 
Excavations suitable for fill (in 000s m3) 2,600 
Excavations unsuitable for fill (in 000s m3) 200 
Fill for disposal(in 000s m3) 300 
Affected area (in km2) 0.83 
Economic   
Investment costs in million € 283 
O&M costs per year in million € 0.97 
ENPV (in million €) 88.78 
EIRR 5.75% 
B/C ratio 1.12 

 

Staged Dual Carriageway 

Description 

This alternative is a variation of the Dual Carriageway alternative. The main difference 
is that instead of upgrading the existing E-79 road, which would involve construction of 
a number of structures, the existing road will only be rehabilitated. The operational 
properties of the left lane, which is the existing road, will be lower, compared to the 
Dual Carriageway alternative. However the cost and the construction period will be 
reduced. 

The right carriageway would be developed to the side of the existing carriageway, cutting 
vertically into the cliff and traversing at elevations above the existing road. In certain 
sections of the road the right carriageway will be built on top of the existing carriageway 
– this will be achieved through a series of viaducts. 
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The construction of the motorway section can be expected to reduce the number of 
accidents with some species of wild animals and their mortality rates in the gorge. 

Operational Properties 

This alternative features a dual carriageway standard road (that is, 20 m wide). The 
length of the alignment is 23.79 km. The design speed is 80 km/h and the operational 
speed is expected to be about 100 km/h. The main determinants for the operational 
speed are the speed along the existing carriageway of 72 km/h and the tunnel sections 
with speed limit of 80 km/h. An average free-flow speed of 85.6 km/h has been 
calculated. 

Environmental Impact 

The route passes through two NATURA 2000 sites - habitat protection area (SCI) 
ВG0000366 “Kresna-Ilindenci” and bird protection area (SPA) ВG0002003 “Kresna”. 

The alternative does not affect reserve Tisata, protected area Moravska and protected 
area Kresna Gorge. It is therefore admissible. 

Costs 

Very similar to the Dual Carriageway alternative, the Staged variant does not upgrade 
the existing road and thus incurs slightly lower investment costs – total of € 264 million. 
The costs of structures and roadworks are lower, but that is compensated by the higher 
cost for tunnels. Below are given the main cost components of this alternative:  

□ Short and medium tunnels - € 68 million  

□ Structures - € 33 million  

□ Earthworks - € 69 million  

□ Roadworks - € 22 million  

Economic Feasibility 

Based on the results of the mini CBA this alternative is economically feasible – its results 
are very similar to these of the Dual Carriageway, as the two alternatives are almost 
identical in cost and output. The main economic indicators include ENPV of € 96 million, 
EIRR of 5.82% and a B/C ratio of 1.13. 

 

Summary of the Alternative Characteristics 

Staged Dual Carriageway 
Technical   
Motorway standard G20 
Design speed 80/100 km/h 
Free-flow speed 85.6 km/h 
Length (in km) 23.79 
Maximum gradient 5% 
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Number of bridges 16 
Total length of bridges (one-directional in km) 2.78 
Number of tunnels 25 
Total length of tunnels (one-directional in km) 5.09 
Retaining walls (in km) 8.70 
Excavations suitable for fill (in 000s m3) 903 
Excavations unsuitable for fill (in 000s m3) 1 986 
Fill for disposal(in 000s m3) 1 248 
Affected area (in km2) 0.79 
Economic   
Investment costs in million € 264 
O&M costs per year in million € 1.37 
ENPV (in million €) 95.72 
EIRR 5.82% 
B/C ratio 1.13 
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Western Alternative 

Description 

 

Pursuant to the instructions received from MoEW to investigate alignments outside Kresna 
Gorge, a new alternative was studied in 2015. Considering the fact that the possibilities 
for bypassing the gorge from the east have already been investigated, the study focused 
on the west side of the gorge. A number of alignments were studied and the best of them 
is the so-called Western alternative. 

The route starts from Simitli interchange at km 374+200, then crosses Struma River twice 
with bridges with lengths of 500 and 400 meters. The alignment continues to the 
southwest and passes to the west side of the village of Cherniche and then the town of 
Krupnik. Until km 379+000 the gradient is between 1.3% and 3.3%. Then it increases to 
4.5% until the road enters a tunnel at km 381+500. In this section two bridges with a 
length of 95 and 75 meters are envisaged. 

The length of the tunnel is 8.75 km and its gradient is 0.5% until km 389+000, then it 
increases to 4.5% and remains so until the exit of the tunnel, which is at km 390+250 – 
northwest of the village of Gorna Breznitsa. At km 390+650 the road enters a second, 
shorter tunnel with a length of 750 metres. The short tunnel is followed by two overpasses 
with lengths of 180 and 210 metres and a 350 metres long bridge over the Struma River. 
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After this bridge, now on the west bank of the river, the road passes through two tunnels 
with length of 450 and 350 meters and km 399+850 it connects to Kresna interchange. 

In order for this alternative to be implemented, a section of 1 800 metres from Lot 3.1 
will become redundant. The western alternative has good balance between earth 
materials excavated and needed for construction.  

As the terrain on the west side of Kresna Gorge is very difficult, there are a number of 
sections with extreme longitudinal gradients. Especially unfavourable is that one of them 
is inside the 8.75 km tunnel. The alignment also passes very near the northern parts of 
Kresna town. 

The construction of the motorway section can be expected to reduce the number of 
accidents and the mortality rates of some species of wild animals in the gorge. 

Operational Properties 

This alternative features motorway standard of A29 (that is, 29 m road width). The length 
of the alignment is 24.20 km. The design speed is 120 km/h, however the operational 
speed inside the tunnel will not exceed 80 km/h. The main determinants for the free-
flow speed are the gradients, which reach up to 4.5% in some areas, and the tunnel 
sections speed limit of 80 km/h. An average free-flow speed of 92 km/h has been 
calculated. 

Environmental Impact 

The route passes through two Natura 2000 sites – the habitat protection area (SCI) 
BG0000366 “Kresna-Ilindentsi” and bird protection area (SPA) BG0002003 “Kresna”.  

The route does not affect Tisata reserve or Moravska protected area. The original 
alignment (as included in draft 2 of the MCA report) was crossing Krena Gorge protected 
area from km 394+180 to km 394+650, which made the alternative inadmissible. This has 
been changed (as of draft 3 of the MCA report) and the alignment being presented does 
not cross Kresna Gorge protected area. The alternative is therefore admissible. 

Costs 

The total investment cost of this alternative is € 619 million, which although significant, 
is still much lower than that of the eastern alternatives. Unlike the eastern alternatives, 
the western alternative envisages only one major structure – an 8.75 km long tunnel, 
which bears a significant amount of the total costs. The cost of earthworks and roadworks 
is also lower than the eastern alternatives, because the route is shorter and there is 
significantly less fill for disposal. Below are given the main cost components of this 
alternative: 

□ Short and long tunnels - € 330 million 

□ Structures - € 25 million 

□ Earthworks - € 56 million 

□ Roadworks - € 52 million 
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Economic Feasibility 

Based on the results of the mini CBA this alternative is unfeasible. The main economic 
indicators include ENPV of € -117 million, EIRR of 4.17% and a B/C ratio of 0.88. 

Summary of the Alternative Characteristics 

Western Alternative 
Technical   
Motorway standard A29 
Design speed 120 km/h 
Free-flow speed 92 km/h 
Length (in km) 24.20 
Maximum gradient 4.5% 
Number of bridges 8 
Total length of bridges (in km) 2.01 
Number of tunnels 4 
Total length of tunnels (in km) 10.30 
Retaining walls (in km) 1.06 
Excavations suitable for fill (in 000s m3) 4 200 
Excavations unsuitable for fill (in 000s m3) 2 100 
Fill for disposal (in 000s m3) 3 758 
Affected area (in km2) 0.68 
Economic   
Investment costs in million € 619 
O&M costs per year in million € 3.43 
ENPV (in million €) -116.99 
EIRR 4.17% 
B/C ratio 0.88 

 

 

7.2 Stage 1 Assessment 

Assessment 

Based on the characteristics of the alternatives, as set out in section 7.1 above, the Stage 
1 assessment has been carried out. (The assessment methodology is described in detail 
in Chapter 5).  

The environmental impact scores have been determined based on the legal requirements 
for admissibility of investment projects and the EIA and Appropriate Assessment reports 
from 2007 (as commented in subsection “Environmental Impact” for each alternative). 
The detailed geometry severity scoring is presented in Appendix 5. The economic 
feasibility scores have been based on the economic parameters of the alternatives, as 
summarised in section 7.1 above. The mini CBAs are presented in Appendix 4. 
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The results from the assessment are presented below: 

Table 7. Stage 1 Evaluation Scores 

 Project Alternative Environmental 
Impact Score 

Geometry 
Severity 

Score 

Economic 
Feasibility 

Score 

Evaluation 
Result 

1 Do minimum Unfeasible Satisfactory Satisfactory Fail 
2 Krasi-Bo – Brown Unfeasible Satisfactory Satisfactory Fail 
3 Krasi-Bo – Brown Dotted Unfeasible Satisfactory Satisfactory Fail 
4 NSI Blue – 11km tunnel Unfeasible Good Unfeasible Fail 
5 NSI – 6 Tunnels Unfeasible Good Unfeasible Fail 
6 SPEA – Red Unfeasible Satisfactory Satisfactory Fail 
7 SPEA – Green Unfeasible Satisfactory Satisfactory Fail 
8 Eco A Eastern Unfeasible Unfeasible Unfeasible Fail 
9 Eco B Eastern Unfeasible Unfeasible Unfeasible Fail 

10 Long Dual Tunnel (EIA 
Approved) Satisfactory Good Unfeasible Fail* 

11 Long Single Tunnel (with 
unidirectional traffic) Satisfactory Satisfactory Unfeasible Fail* 

12 Long Single Tunnel (with 
bidirectional traffic) Satisfactory Satisfactory Unfeasible Fail* 

13 Dual Carriageway Satisfactory Satisfactory Satisfactory Pass 
14 Staged Dual Carriageway Satisfactory Satisfactory Satisfactory Pass 
15 Western Satisfactory Satisfactory Satisfactory Pass 

* See note 2 below. 

Notes: 

1. As the NSI-Violet 13 km Tunnel and Long Dual Tunnel that are indicated in Table 1 
are deemed equivalent for the MCA process the NSI-Violet 13 km Tunnel alternative 
has not been included in Table 7 above. 

2. It should be noted that alternatives Long Dual Tunnel (EIA Approved), Long Single 
Tunnel (with unidirectional traffic) and Long Single Tunnel (with bidirectional 
traffic) have B/C ratio lower than the required 0.85; normally this would lead to the 
rejection of the alternatives. However, as the Long Dual Tunnel (EIA Approved) 
alternative was previously the formally approved EIA option, it is taken forward into 
the Stage 2 assessment so that it can be more thoroughly reviewed and those aspects 
that have changed its standing as the preferred option can be elaborated upon. As 
the Long Single Tunnel (with unidirectional traffic) and Long Single Tunnel (with 
bidirectional traffic) are variations of the Long Dual Tunnel (EIA Approved) 
alternative these too are taken forward in the Stage 2 assessment even though they 
do not comply with the strict requirements of the Stage 1 cut off criteria.  

Conclusion 

Based on the Stage 1 assessment the following alternatives are considered admissible and 
shall be evaluated further:  

□ Long Dual Tunnel (EIA Approved); 
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□ Long Single Tunnel (with unidirectional traffic); 

□ Long Single Tunnel (with bidirectional traffic); 

□ Dual Carriageway; 

□ Staged Dual Carriageway; 

□ Western. 

The fact that 6 alternatives, out of a set of 15, may be considered to be acceptable for 
further evaluation should come as no surprise, given the nature of the project and the 
challenges it poses.  

With regard to the environment, most alternatives are likely to have serious negative 
impacts on nature and 9 fail due to the fact that their impacts are significant and could 
not be mitigated (as concluded by the 2008 EIA decision) and/or do not comply with legal 
requirements (as they fall inside nature reserves or other national protected areas where 
construction is not allowed according to the environmental legislation).  

Most of the alternatives have acceptable geometry and only 2 fail on this criterion mainly 
due to long sections with extreme grades which are a serious safety issue. Given the 
existing and forecasted traffic numbers the cross-sections of all of the admissible 
alternatives would be adequate. 

Seven alternatives fail to meet the requirement for economic feasibility of B/C ratio 
greater than 0.85, which has been assumed as the lowest reasonable value. It is notable 
that only 6 of the alternatives have B/C ratio of more than 1.0 and only 1 alternative has 
B/C ratio greater than 1.2 which normally would not be sufficient for a project to be 
considered economically viable. 

7.3 Stage 2 Assessment 

Introduction 

The MCA methodology adopted provides for two assessment stages. The Stage 1 
assessment is in essence a screening process, the purpose of which is to reject obviously 
unfeasible alternatives. At this stage the alternatives are not compared against each 
other but are only classified as obviously unfeasible or possibly feasible. The Stage 2 
assessment in contrast is a more in-depth analysis which looks into quantitative and 
qualitative indicators of the alternatives and compares these against the other 
alternatives that passed the Stage 2 screening  

The methodology for the Stage 2 assessment is presented in detail in section 5.5 of this 
document. The approach to data collection and analysis is described in Chapter 6. This 
section describes the Stage 2 assessment of the alternatives that have not been screened 
out as part of Stage 1. 

Assessment 

The criteria used for the assessment and their weights are presented in Table 5. The 
groups of criteria used are summarised below: 

□ Financial Criteria; 
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□ Economic Criteria; 

□ Environmental Impact – Construction; 

□ Environmental Impact – Operation; 

□ Feasibility Criteria; 

□ Level of Service Criteria. 

Conclusion 

A summary of the results from the comparison of the alignment options is presented 
below: 

Table 8. Stage 2 Evaluation Scores 

Indicator 
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Financial Criteria 7.5 8.9 9.4 23.7 23.5 9.9 
Capital Cost 6.5 7.1 7.5 18.7 20.0 8.5 
Maintenance Costs 1.0 1.8 1.9 5.0 3.5 1.4 
Economic Criteria 25.0 25.0 25.0 24.7 24.6 23.8 
Accidents Savings 10.0 10.0 10.0 10.0 10.0 10.0 
Time Savings 10.0 10.0 10.0 9.7 9.6 8.8 
VOC Savings 5.0 5.0 5.0 5.0 5.0 5.0 
Environmental Impact – 
Construction  19.9 20.6 20.6 14.3 13.8 17.1 

Visual Impact/Landscape 
Character 1.0 1.0 1.0 1.0 1.0 1.0 

Agricultural Land 0.5 0.5 0.5 0.5 0.5 1.0 
Soils and geology 2.0 2.0 2.0 1.5 1.5 1.6 
Protected species and habitats 3.9 4.0 4.0 2.5 2.1 3.4 
Natura 2000 sites 3.4 4.0 4.0 0.7 0.6 2.2 
Cultural Heritage/Built heritage 1.0 1.0 1.0 1.0 1.0 1.0 
Air Quality 2.0 2.0 2.0 1.3 1.3 0.6 
Noise 2.0 2.0 2.0 2.0 2.0 0.3 
Water 2.0 2.0 2.0 2.0 2.0 2.0 
Waste and materials 2.0 2.0 2.0 1.3 1.3 2.0 
People and communities 0.1 0.1 0.1 0.5 0.5 2.0 
Environmental Impact – 
Operation  16.2 15.2 15.3 11.1 10.6 13.2 

Visual Impact 2.0 2.0 2.0 2.0 2.0 2.0 
Protected species and habitats 2.9 3.0 3.0 2.0 1.7 2.7 
Natura 2000 sites 2.5 3.0 3.0 0.6 0.4 1.7 
Animal mortality rates 3.0 1.2 1.5 1.5 1.5 2.0 
Air Quality 0.8 1.0 0.8 0.7 0.7 0.7 
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Noise 1.0 1.0 1.0 0.7 0.7 0.2 
Water 1.0 1.0 1.0 0.6 0.6 1.0 
Climate change (greenhouse 
gasses) 2.0 2.0 2.0 2.0 2.0 1.9 

People and communities 1.0 1.0 1.0 1.0 1.0 1.0 
Feasibility Criteria 5.3 4.3 4.3 7.0 6.0 2.7 
Construction Period 2.3 2.3 2.3 4.0 4.0 2.7 
Project Readiness 3.0 2.0 2.0 3.0 2.0 0.0 
Level of Service Criteria 2.3 2.7 0.7 3.0 3.0 2.3 
Level of service offered to traffic 2.3 2.7 0.7 3.0 3.0 2.3 
Total Score 76.2 76.7 75.3 83.8 81.5 69.0 
Ranking 4 3 5 1 2 6 

 

The results from Stage 2 of the MCA suggest that the Dual Carriageway alternative is the 
best one, followed closely by the Staged Dual Carriageway alternative. The Long Tunnel 
alternatives score lower and the Western alternative appears to be the worst.  

The Dual Carriageway alternatives score higher than the Long Tunnel alternatives on 
most criteria, with the exception of environmental ones. The Dual Carriageway 
alternatives are cheaper, with higher B/C ratios and easier to implement.  

The Long Tunnel alternatives score higher on the criteria related to the environment. 
Although the effects of tunnel construction are quite significant they appear to be 
comparable with the effects of the construction of the Dual Carriageway alternatives.  

7.4 Sensitivity Tests 

Introduction 

Due to the inevitably subjective nature of the weighting given to the individual criteria 
that form part of the MCA assessment, sensitivity checks were undertaken by amending 
the priorities, e.g. applying different overall weighting between the financial and 
environmental factors. 

Amending the Overall Weighting between the Financial and Environmental Criteria 

A sensitivity analysis was undertaken by amending the weightings as indicated in the 
table below to provide different overall weightings between the financial and 
environmental criteria.   

The column entitled “Weighting” is as per the weighting utilised in the scoring standard 
mechanism as set out in section 5.5. 

The column entitled “Weighting A” provides a greater emphasis on the operational phase 
environmental impacts and benefits by: 
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□ decreasing the weighting of the Finance and Economics from 50% to 45%; 

□ providing a higher overall weighting to environment by changing it from 40% to 
49% but also giving a higher weighting to the operations phase environmental 
impacts and benefits; 

□ decreasing the weighting given to the criteria associated with Feasibility 
Criteria and Level of Service from 10% to 6%. 

The column entitled “Weighting B” provides a greater emphasis on the financial and 
economic benefits by: 

□ increasing the weighting of the Finance and Economics from 50% to 60%; 

□ decreasing the environmental criteria from an overall value of 40% to a value 
of 33%; 

□ decreasing the weighting given to the criteria associated with Feasibility 
Criteria and Level of Service from 10% to 7%. 

Table 9. Summary of Weighting for Sensitivity Test 

   Sensitivity Checks 
Indicator Standard 

Weighting 
Weighting A 

Environmental 
Weighting B 
Economic 

Financial Criteria   25%   20%   30% 
Capital Cost 20   15   25   
Maintenance Costs 5   5   5   
Economic Criteria   25%   25%   30% 
Accidents Savings 10   10   12   
Time Savings 10   10   12   
VOC Savings 5   5   6   
Environmental Impact - Construction   23%   11%   14% 
Visual Impact/Landscape Character 1   1   1   
Agricultural Land 1   1   1   
Protected species habitats 4   1   2   
Natura 2000 sites 4   1   2   
Cultural Heritage/Built heritage 1   1   1   
Air Quality 2   1   1   
Noise 2   1   1   
Water 2   1   1   
Soils and Geology 2   1   1   
Waste and materials 2   1   2   
People and communities 2   1   1   
Environmental Impact - Operation   17%   38%   19% 
Visual Impact 2   4   2   
Protected species habitats 3   5   3   
Natura 2000 sites 3   5   3   
Animal mortality rates 3   3   2   
Air Quality 1   5   2   
Noise 1   5   2   
Water 1   4   2   
Climate change (greenhouse gasses) 2   4   2   
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People and communities 1   3   1   
Feasibility Criteria   7%   5%   5% 
Construction Period 4   4   3   
Project Readiness 3   1   2   
Level of Service Criteria   3%   1%   2% 
Level of service offered to users 3   1   2   
  100 100% 100 100% 100 100% 

 

The resulting scores are summarised in the table below: 

Table 10. Summary of Scores for the Sensitivity Test 
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Standard 
Assessment 

Financial Criteria 7.5 8.9 9.4 23.7 23.5 9.9 
Economic Criteria 25.0 25.0 25.0 24.7 24.6 23.8 
Environmental Impact – Construction  19.9 20.6 20.6 14.3 13.8 17.1 
Environmental Impact – Operation  16.2 15.2 15.3 11.1 10.6 13.2 
Feasibility Criteria 5.3 4.3 4.3 7.0 6.0 2.7 
Level of Service Criteria 2.3 2.7 0.7 3.0 3.0 2.3 
Total 76.2 76.7 75.3 83.8 81.5 69.0 
Ranking 4 3 5 1 2 6 

        

Assessment A 
Environmentally 

Weighted 

Financial Criteria 5.9 7.1 7.5 19.0 18.5 7.8 
Economic Criteria 25.0 23.9 25.0 24.6 23.1 23.4 
Environmental Impact – Construction  9.4 9.6 9.6 7.7 7.5 8.7 
Environmental Impact – Operation  36.1 36.2 35.5 26.0 25.2 28.2 
Feasibility Criteria 3.3 3.4 3.4 4.7 4.7 2.7 
Level of Service Criteria 0.8 0.9 0.2 1.0 1.0 0.8 
Total 80.5 81.1 81.2 83.0 80.0 71.6 
Ranking 4 3 2 1 5 6 

        

Assessment B 
Economically 

Weighted 

Financial Criteria 9.1 10.6 11.3 28.3 28.5 12.1 
Economic Criteria 30.0 28.7 30.0 29.5 27.8 28.1 
Environmental Impact – Construction  12.2 12.6 12.6 9.2 8.9 11.1 
Environmental Impact – Operation  18.0 17.8 17.6 12.5 12.0 14.2 
Feasibility Criteria 3.7 3.3 3.3 4.3 4.3 2.0 
Level of Service Criteria 1.6 1.8 0.4 2.0 2.0 1.6 
Total 74.6 74.8 75.2 85.8 83.5 69.1 
Ranking 5 4 3 1 2 6 
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8 Conclusion 

8.1 Summary of the MCA 

Introduction 

The MCA reviewed the 15 alternatives in 2 stages. The Stage 1 assessment was essentially 
a screening process to remove any alternatives that did not meet key project 
requirements. The Stage 2 assessment used a combination of quantitative and qualitative 
indicators to highlight the comparative benefits associated with the alternatives that 
passed the Stage 1 screening. 

Stage 1 Assessment 

The results from the assessment are presented below: 

Table 11. Summary of Stage 1 Evaluation Scores 

 Project Alternative Evaluation 
Result 

1 Do minimum Fail 
2 Krasi-Bo – Brown Fail 
3 Krasi-Bo – Brown Dotted Fail 
4 NSI Blue – 11km tunnel Fail 
5 NSI – 6 Tunnels Fail 
6 SPEA – Red Fail 
7 SPEA – Green Fail 
8 Eco A Eastern Fail 
9 Eco B Eastern Fail 

10 Long Dual Tunnel (EIA Approved) Fail* 
11 Long Single Tunnel (with unidirectional traffic) Fail* 
12 Long Single Tunnel (with bidirectional traffic) Fail* 
13 Dual Carriageway Pass 
14 Staged Dual Carriageway Pass 
15 Western Pass 

 

* It should be noted that alternatives Long Dual Tunnel (EIA Approved), Long Single 
Tunnel (with unidirectional traffic) and Long Single Tunnel (with bidirectional traffic) 
have B/C ratio lower than the required 0.85. Normally this would lead to the rejection 
of the alternatives. However, as the Long Dual Tunnel (EIA Approved) alternative was 
previously the formally approved EIA option, it has been taken forward into the Stage 
2 assessment, so that it can be more thoroughly reviewed and those aspects that have 
changed its standing as the preferred option can be elaborated upon. As the Long 
Single Tunnel (with unidirectional traffic) and Long Single Tunnel (with bidirectional 
traffic) are variations of the Long Dual Tunnel (EIA Approved) alternative these too 
are taken forward in the Stage 2 assessment even though they also do not comply with 
the strict requirements of the Stage 1 cut off criteria.  
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The fact that 6 alternatives, out of a set of 15, may be considered to be acceptable for 
further evaluation should come as no surprise, given the nature of the project and the 
challenges it poses.  

With regard to the environment, most alternatives are likely to have serious negative 
impacts on nature and 9 fail due to the fact that their impacts are significant and could 
not be mitigated (as concluded by the 2008 EIA decision) and/or do not comply with legal 
requirements (as they fall inside nature reserves or other national protected areas where 
construction is not allowed according to the environmental legislation).  

Most of the alternatives have acceptable geometry and only 2 fail on this criterion mainly 
due to long sections with extreme grades which are a serious safety issue. Given the 
existing and forecasted traffic numbers all the cross-sections of the admissible 
alternatives would be adequate. 

Seven alternatives fail to meet the requirement for economic feasibility of B/C ratio 
greater than 0.85, which has been assumed as the lowest reasonable value. It is notable 
that only 6 of the alternatives have B/C ratio more than 1.0 and only 1 alternative has 
B/C ratio greater than 1.2 which normally would not be sufficient for a project to be 
considered viable. 

Stage 2 Assessment 

The Stage 2 assessment is an in-depth analysis which looks into quantitative and 
qualitative indicators of the alternatives and compares these against the other 
alternatives that passed the Stage 1 screening. There are six groups of indicators which 
include various financial, economic, environmental, feasibility and level of service 
criteria.  

A summary of the Stage 2 assessment is presented in the following table: 

Table 12. Summary of Stage 2 Evaluation Scores 
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Financial Criteria 7.5 8.9 9.4 23.7 23.5 9.9 

Economic Criteria 25.0 25.0 25.0 24.7 24.6 23.8 

Environmental Impact – Construction  19.9 20.6 20.6 14.3 13.8 17.1 

Environmental Impact – Operation  16.2 15.2 15.3 11.1 10.6 13.2 

Feasibility Criteria 5.3 4.3 4.3 7.0 6.0 2.7 

Level of Service Criteria 2.3 2.7 0.7 3.0 3.0 2.3 

Total 76.2 76.7 75.3 83.8 81.5 69.0 
Ranking 4 3 5 1 2 6 

 

The results from Stage 2 of the MCA suggest that the Dual Carriageway alternative is the 
best one, followed closely by the Staged Dual Carriageway alternative. The Long Tunnel 
alternatives score lower and the Western alternative appears to be the worst.  
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The Dual Carriageway alternatives score higher than the Long Tunnel alternatives on all 
criteria which are not related to the environment. The Dual Carriageway alternatives are 
cheaper, with higher B/C ratios and easier to implement.  

The Long Tunnel alternatives score higher on the criteria related to the environment. 
Although the effects of tunnel construction are quite significant they appear to be 
comparable with the effects of the construction of the Dual Carriageway alternatives.  

Impact of Sensitivity Checks 

Two sensitivity tests were undertaken to amend the emphasis of the weightings applied 
to the various criteria to (1) increase the emphasis on the environmental criteria 
(especially those associated with the operational phase), and (2) an increased weighting 
on the finance and economic criteria. 

Under both the sensitivity checks the overall rank of the groups of alternatives was not 
amended with the Dual Carriageway alternatives remaining the highest scoring, the 
Western alternative the lowest scoring, and the Tunnel alternatives between these. 

The sensitivity check that increased the environmental emphasis changed the scoring for 
5 of the alternatives to within 4% of each other (the Western alternative was 14% 
different). The sensitivity check that increased the economic and financial emphasis 
increased the difference between the Dual Carriageway alternatives and the Tunnel 
alternatives to 13% (the Western alternative was 19% lower). On both sensitivity checks 
the Dual Carriageway alternatives remained as the highest ranked. 

8.2 Conclusion 

The MCA points out a number of significant issues with the Long Tunnel Alternatives. 
These include: 

□ economic benefit to cost ratio as low as 0.79, which makes the alternatives 
impossible to finance; 

□ impossibility to complete the project within the 2014-2020 Programming Period 
timeframe, even if the Long Tunnel alternatives were acceptable for OPTTI 
funding; 

□ unavailability of funds to complete the project with the Long Tunnel 
Alternatives costing substantially more than the whole budget allocation for 
roads under OPTTI of € 673 million; 

□ extremely heavy consequences of possible adverse geological events like 
earthquakes; 

□ high impact of construction on the environment, as certain amounts of the spoil 
to be taken out of the tunnels are expected to be radioactive; 

□ substantial additional time and funds that would be needed to treat the 
radioactive spoil and waters to be taken out of the long tunnels; 

□ high environmental impact of the tunnel draining the massif above it; 

113 



 

□ unavailability of funds to properly maintain and operate tunnels with extreme 
length. 

Furthermore, the MCA demonstrates that for a plenty of reasons the alternatives 
developed on both sides of Kresna Gorge are also impractical. Some of these include: 

□ extremely low economic benefit to cost ratios, which make the alternatives 
impossible to finance; 

□ insufficient time and funds to complete the project within the 2014-2020 
Programming Period timeframe, even if the alternatives were acceptable for 
OPTTI funding; 

□ extreme geometry (for most of the alternatives) which would make them 
dangerous to operate; 

□ the likelihood that many drivers will continue to use the existing road through 
Kresna Gorge due to the poor operational properties of the new sections. 

The MCA suggests that the only viable alternatives are ones through the gorge, which 
have relatively low investment costs and are environmentally admissible.  

Considering this, it is proposed that the preferred alternative for the section of 
Struma Motorway in Kresna Gorge is the Dual Carriageway Alternative. 
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Appendix 1 Map of All Alternatives 

 

 































 

 

Appendix 2 Cost Estimations 

 

 



Lot 3.2 Length [km] Tunnels [km] Road - Tunnels [km]
FF Speed 

(road)

FF Speed 

(tunnels)
FF Speed

Do Minimum 23.160 68.2

KrasiBo - Brown 20.953 1.975 18.978 100 80 98.1

KrasiBo – Brown Dotted 20.343 2.725 17.618 100 80 97.3

NSI – 6 Tunnels 20.790 14.940 5.850 110 80 88.4

NSI Blue - 11km Tunnel 21.122 14.030 7.092 110 80 90.1

EIA Approved (NSI 13 km Tunnel) 20.640 15.380 5.260 110 80 87.6

SPEA Green 21.082 10.650 10.432 110 80 94.8

SPEA Red 21.193 2.900 18.293 110 80 105.9

ECO A Eastern 28.658 12.865 15.793 100 80 91.0

ECO B Eastern 32.608 18.245 14.363 100 80 88.8

Long Dual Tunnel 20.420 15.410 5.010 110 80 87.4

Long Single Tunnel (unidirectional traffic) 20.420 15.410 5.010 110 80 87.4

Long Single Tunnel (bidirectional traffic) 20.420 15.410 5.010 110 80 87.4

Dual Carriageway 23.788 1.450 22.338 100 80 98.8

Staged Dual Carriageway 23.788 1.450 22.338 86 80 85.6

Western Alternative 24.200 10.300 13.900 100 80 91.5



Lot 3.2 Do Minimum

Item Description Units Unit Rate Quantity Аmount

1000 General items
1100 Fixed costs (mobilization, 

demobilization and similar)
[%] 0.30% 57,759,323.02 173,277.97

1200 Costs depending on construction 
duration

[%] 0.60% 57,759,323.02 346,555.94

1300 Cost of minor works not covered 
elsewhere (like landscaping, etc.)

[%] 2.00% 57,759,323.02 1,155,186.46

1400 Mitigation measures [%] 1.50% 57,759,323.02 866,389.85

2000 Earthworks
2100 Excavation in earth material 

(unsuitable for fill; for depot)
[m3] 11.53 62,000.00 714,860.00

2110 Excavation suitable for fill and/or 
excavation in rock material (suitable 
for fill)

[m3] 10.65 12,000.00 127,800.00

2200 Fill [m3] 5.11 36,000.00 183,960.00
2210 Fill for disposal [m3] 8.54 38,000.00 324,520.00
2300 Reinforcement of slopes LS 1.00 27,666,666.67 27,666,666.67

3000 Roadworks
3100 Road construction (all pavement 

layers, signs, road marking, 
guardrails, fences, ditches, etc.)

[km] 646,253.00 21.50 13,894,439.50

4000 Structures
4100 Retaining walls [m] 878.78 2,500.00 2,196,950.00
4200 Culverts [no] 68,764.66 10.00 687,646.60
4330 Bridges/overpasses with 

prestressed beams
[m2] 1,014.00 7,500.00 7,605,000.00

4340 Temporary Reinforcements [m] 1,000.00 1,750.00 1,750,000.00

4500 Short Tunnels - reconstruction [m] 3,492.56 400.00 1,397,024.00
4510 Power supply % of 4500 2.5% 1,397,024.00 34,925.60
4520 Fire protection % of 4500 2.5% 1,397,024.00 34,925.60
4530 Ventilation % of 4500 0.0% 1,397,024.00 0.00

5000 Other works
5100 Relocations of utilities LS 1,000,000.00 1.00 1,000,000.00
5200 Relocations of railways LS 0.00 0.00 0.00
5300 Correction of riverbeds LS 140,605.05 1.00 140,605.05
5400 Works at interchanges [no.] 3,061,000.00 0.00 0.00

9000 Non-work items
9100 Risk and profit [%] 10% 57,759,323.02 5,775,932.30
9400 Publicity [%] 0.10% 57,759,323.02 57,759.32

Other costs
Design costs [km] 12,000.00 21.50 258,000.00
Cost of land acquisitions [km] 1,155,000.00 1.00 1,155,000.00
Construction supervision [%] 3.0% 57,759,323.02 1,732,779.69
Project management costs [%] 2.0% 57,759,323.02 1,155,186.46
Project contingencies [%] 10% 57,759,323.02 5,775,932.30

Amount BGN (no VAT) 76,211,323.31



Lot 3.2 - KrasiBo Brown 

Item Description Units Unit Rate Quantity Аmount

1000 General items
1100 Fixed costs (mobilization, 

demobilization and similar)
[%] 0.30% 309,153,330.98 927,459.99

1200 Costs depending on construction 
duration

[%] 0.60% 309,153,330.98 1,854,919.99

1300 Cost of minor works not covered 
elsewhere (like landscaping, etc.)

[%] 2.00% 309,153,330.98 6,183,066.62

1400 Mitigation measures [%] 1.50% 309,153,330.98 4,637,299.96

2000 Earthworks
2100 Excavation in earth material 

(unsuitable for fill; for depot)
[m3] 11.53 720,000.00 8,301,600.00

2110 Excavation suitable for fill and/or 
excavation in rock material (suitable 
for fill)

[m3] 10.65 3,535,450.00 37,652,542.50

2200 Fill [m3] 5.11 2,248,050.00 11,487,535.50
2210 Fill for disposal [m3] 8.54 2,007,400.00 17,143,196.00

3000 Roadworks
3100 Road construction (all pavement 

layers, signs, road marking, 
guardrails, fences, ditches, etc.)

[km] 3,545,315.15 20.343 72,122,346.10

4000 Structures
4100 Retaining walls [m] 871.73 4,300.00 3,748,439.00
4200 Culverts [no] 51,000.00 33.00 1,683,000.00
4330 Bridges/overpasses with 

prestressed beams
[m2] 1,014.00 97,053.00 98,411,742.00

4340 Temporary Reinforcements [m] 1,000.00 2,150.00 2,150,000.00

4500 Short Tunnels [m] 17,462.80 1,975.00 34,489,030.00
4510 Power supply % of 4500, 4540 5.0% 42,189,030.00 2,109,451.50
4520 Fire protection % of 4500, 4540 4.0% 42,189,030.00 1,687,561.20
4530 Ventilation % of 4500, 4540 0.05% 42,189,030.00 21,094.52
4540 Portals LS 385,000.00 20.00 7,700,000.00

5000 Other works
5100 Relocations of utilities LS 4,184,315.49 1.00 4,184,315.49
5200 Relocations of railways LS 0.00 0.00 0.00
5300 Correction of riverbeds LS 139,477.18 1.00 139,477.18
5400 Works at interchanges [no.] 3,061,000.00 2.00 6,122,000.00

9000 Non-work items
9100 Risk and profit [%] 10% 309,153,330.98 30,915,333.10
9400 Publicity [%] 0.10% 309,153,330.98 309,153.33

Other costs
Design costs [km] 24,000.00 20.34 488,232.00
Cost of land acquisitions [km] 1,155,000.00 19.36 22,355,602.50
Construction supervision [%] 3.0% 309,153,330.98 9,274,599.93
Project management costs [%] 2.0% 309,153,330.98 6,183,066.62
Project contingencies [%] 10% 309,153,330.98 30,915,333.10

Amount BGN (no VAT) 423,197,398.12

Subsections:
381+000 - 401+000 - brown alternative



Lot 3.2 - KrasiBo Brown Dotted

Item Description Units Unit Rate Quantity Аmount

1000 General items
1100 Fixed costs (mobilization, 

demobilization and similar)
[%] 0.30% 359,494,519.68 1,078,483.56

1200 Costs depending on construction 
duration

[%] 0.60% 359,494,519.68 2,156,967.12

1300 Cost of minor works not covered 
elsewhere (like landscaping, etc.)

[%] 2.00% 359,494,519.68 7,189,890.39

1400 Mitigation measures [%] 1.50% 359,494,519.68 5,392,417.80

2000 Earthworks
2100 Excavation in earth material 

(unsuitable for fill; for depot)
[m3] 11.53 720,000.00 8,301,600.00

2110 Excavation suitable for fill and/or 
excavation in rock material (suitable 
for fill)

[m3] 10.65 3,437,500.00 36,609,375.00

2200 Fill [m3] 5.11 1,757,430.00 8,980,467.30
2210 Fill for disposal [m3] 8.54 2,400,070.00 20,496,597.80

3000 Roadworks
3100 Road construction (all pavement 

layers, signs, road marking, 
guardrails, fences, ditches, etc.)

[km] 3,545,315.15 20.343 72,122,346.10

4000 Structures
4100 Retaining walls [m] 871.73 4,050.00 3,530,506.50
4200 Culverts [no] 51,000.00 30.00 1,530,000.00
4330 Bridges/overpasses with 

prestressed beams
[m2] 1,014.00 89,505.00 90,758,070.00

4340 Temporary Reinforcements [m] 1,000.00 2,025.00 2,025,000.00

4500 Short Tunnels [m] 17,462.80 5,450.00 95,172,260.00
4510 Power supply % of 4500, 4540 4.0% 98,252,260.00 3,930,090.40
4520 Fire protection % of 4500, 4540 2.5% 98,252,260.00 2,456,306.50
4530 Ventilation % of 4500, 4540 0.05% 98,252,260.00 49,126.13
4540 Portals LS 385,000.00 8.00 3,080,000.00

5000 Other works
5100 Relocations of utilities LS 4,191,071.56 1.00 4,191,071.56
5200 Relocations of railways LS 0.00 0.00 0.00
5300 Correction of riverbeds LS 139,702.39 1.00 139,702.39
5400 Works at interchanges [no.] 3,061,000.00 2.00 6,122,000.00

9000 Non-work items
9100 Risk and profit [%] 10% 359,494,519.68 35,949,451.97
9400 Publicity [%] 0.10% 359,494,519.68 359,494.52

Other costs
Design costs [km] 24,000.00 20.34 488,232.00
Cost of land acquisitions [km] 1,155,000.00 17.62 20,348,790.00
Construction supervision [%] 3.0% 359,494,519.68 10,784,835.59
Project management costs [%] 2.0% 359,494,519.68 7,189,890.39
Project contingencies [%] 10% 359,494,519.68 35,949,451.97

Amount BGN (no VAT) 486,382,424.98

Subsections:
381+000 - 395+450 - brown alternative
395+450 - 401+000 - brown dotted alternative



Lot 3.2 - NSI 13 km tunnel (EIA Approved)

Item Description Units Unit Rate Quantity Аmount

1000 General items
1100 Fixed costs (mobilization, 

demobilization and similar)
[%] 0.30% 1,229,520,907.73 3,688,562.72

1200 Costs depending on construction 
duration

[%] 0.60% 1,229,520,907.73 7,377,125.45

1300 Cost of minor works not covered 
elsewhere (like landscaping, etc.)

[%] 2.00% 1,229,520,907.73 24,590,418.15

1400 Mitigation measures [%] 1.50% 1,229,520,907.73 18,442,813.62

2000 Earthworks
2100 Excavation in earth material 

(unsuitable for fill; for depot)
[m3] 11.53 144,000.00 1,660,320.00

2110 Excavation suitable for fill and/or 
excavation in rock material (suitable 
for fill)

[m3] 10.65 6,402,000.00 68,181,300.00

2200 Fill [m3] 5.11 1,757,430.00 8,980,467.30
2210 Fill for disposal [m3] 8.54 4,788,570.00 40,894,387.80

3000 Roadworks
3100 Road construction (all pavement 

layers, signs, road marking, 
guardrails, fences, ditches, etc.)

[km] 4,170,959.00 20.64 86,088,593.76

4000 Structures
4100 Retaining walls [m] 871.73 1,600.00 1,394,768.00
4200 Culverts no. 51,000.00 5.00 255,000.00
4330 Bridges/overpasses with 

prestressed beams
[m2] 1,014.00 15,180.00 15,392,520.00

4340 Temporary Reinforcements [m] 1,000.00 800.00 800,000.00

4600 Medium Tunnels [m] 21,646.00 4,160.00 90,047,360.00
4610 Power supply % of 4600, 4640 10.0% 94,647,360.00 9,464,736.00
4620 Fire protection % of 4600, 4640 6.0% 94,647,360.00 5,678,841.60
4630 Ventilation % of 4600, 4640 4.0% 94,647,360.00 3,785,894.40
4640 Portals LS 1,150,000.00 4.00 4,600,000.00

4700 Long Tunnels [m] 25,163.00 26,600.00 669,335,800.00
4710 Power supply % of 4700, 4740, 

4750, 4760
20.0% 691,605,800.00 138,321,160.00

4720 Fire protection % of 4700, 4740, 
4750, 4760

2.5% 691,605,800.00 17,290,145.00

4730 Ventilation % of 4700, 4740, 
4750, 4760

5.0% 691,605,800.00 34,580,290.00

4740 Portals LS 3,600,000.00 4.00 14,400,000.00
4750 Access tunel with ventilation LS 4,100,000.00 1.00 4,100,000.00
4760 Access tunel without ventilation LS 1,885,000.00 2.00 3,770,000.00

5000 Other works
5100 Relocations of utilities LS 4,236,119.87 1.00 4,236,119.87
5200 Relocations of railways LS 0.00 0.00 0.00
5300 Correction of riverbeds LS 141,204.00 1.00 141,204.00
5400 Works at interchanges [no.] 3,061,000.00 2.00 6,122,000.00

9000 Non-work items
9100 Risk and profit [%] 10% 1,229,520,907.73 122,952,090.77
9400 Publicity [%] 0.10% 1,229,520,907.73 1,229,520.91

Other costs
Design costs [km] 24,000.00 20.64 495,360.00
Cost of land acquisitions [km] 1,155,000.00 5.26 6,075,300.00
Construction supervision [%] 3.0% 1,229,520,907.73 36,885,627.23
Project management costs [%] 2.0% 1,229,520,907.73 24,590,418.15
Project contingencies [%] 10% 1,229,520,907.73 122,952,090.77

Amount BGN (no VAT) 1,598,800,235.51



Lot 3.2 - NSI 11 km tunnel 

Item Description Units Unit Rate Quantity Аmount

1000 General items
1100 Fixed costs (mobilization, 

demobilization and similar)
[%] 0.30% 1,142,906,624.79 3,428,719.87

1200 Costs depending on construction 
duration

[%] 0.60% 1,142,906,624.79 6,857,439.75

1300 Cost of minor works not covered 
elsewhere (like landscaping, etc.)

[%] 2.00% 1,142,906,624.79 22,858,132.50

1400 Mitigation measures [%] 1.50% 1,142,906,624.79 17,143,599.37

2000 Earthworks
2100 Excavation in earth material 

(unsuitable for fill; for depot)
[m3] 11.53 144,000.00 1,660,320.00

2110 Excavation suitable for fill and/or 
excavation in rock material (suitable 
for fill)

[m3] 10.65 6,402,000.00 68,181,300.00

2200 Fill [m3] 5.11 1,757,430.00 8,980,467.30
2210 Fill for disposal [m3] 8.54 4,788,570.00 40,894,387.80

3000 Roadworks
3100 Road construction (all pavement 

layers, signs, road marking, 
guardrails, fences, ditches, etc.)

[km] 4,170,959.00 21.122 88,098,996.00

4000 Structures
4100 Retaining walls [m] 871.73 4,700.00 4,097,131.00
4200 Culverts [no] 51,000.00 5.00 255,000.00
4330 Bridges/overpasses with 

prestressed beams
[m2] 1,014.00 25,010.00 25,360,140.00

4340 Temporary Reinforcements [m] 1,000.00 2,350.00 2,350,000.00

4500 Short Tunnels [m] 17,462.80 1,300.00 22,701,640.00
4510 Power supply % of 4500, 4540 9.0% 24,241,640.00 2,181,747.60
4520 Fire protection % of 4500, 4540 6.0% 24,241,640.00 1,454,498.40
4530 Ventilation % of 4500, 4540 0.05% 24,241,640.00 12,120.82
4540 Portals LS 385,000.00 4.00 1,540,000.00

4600 Medium Tunnels [m] 21,646.00 4,160.00 90,047,360.00
4610 Power supply % of 4600, 4640 10.0% 94,647,360.00 9,464,736.00
4620 Fire protection % of 4600, 4640 6.0% 94,647,360.00 5,678,841.60
4630 Ventilation % of 4600, 4640 4.0% 94,647,360.00 3,785,894.40
4640 Portals LS 1,150,000.00 4.00 4,600,000.00

4700 Long Tunnels [m] 25,163.00 22,600.00 568,683,800.00
4710 Power supply % of 4700, 4740, 

4750, 4760
20.0% 589,068,800.00 117,813,760.00

4720 Fire protection % of 4700, 4740, 
4750, 4760

2.5% 589,068,800.00 14,726,720.00

4730 Ventilation % of 4700, 4740, 
4750, 4760

5.0% 589,068,800.00 29,453,440.00

4740 Portals LS 3,600,000.00 4.00 14,400,000.00
4750 Access tunel with ventilation LS 4,100,000.00 1.00 4,100,000.00
4760 Access tunel without ventilation LS 1,885,000.00 1.00 1,885,000.00

5000 Other works
5100 Relocations of utilities LS 4,236,119.87 1.00 4,236,119.87
5200 Relocations of railways LS 0.00 0.00 0.00
5300 Correction of riverbeds LS 141,204.00 1.00 141,204.00
5400 Works at interchanges [no.] 3,061,000.00 2.00 6,122,000.00

9000 Non-work items
9100 Risk and profit [%] 10% 1,142,906,624.79 114,290,662.48
9400 Publicity [%] 0.10% 1,142,906,624.79 1,142,906.62

Other costs
Design costs [km] 24,000.00 21.12 506,928.00
Cost of land acquisitions [km] 1,155,000.00 18.39 21,242,760.00
Construction supervision [%] 3.0% 1,142,906,624.79 34,287,198.74
Project management costs [%] 2.0% 1,142,906,624.79 22,858,132.50
Project contingencies [%] 10% 1,142,906,624.79 114,290,662.48

Amount BGN (no VAT) 1,501,813,767.10



Lot 3.2 - NSI 6 tunnels

Item Description Units Unit Rate Quantity Аmount

1000 General items
1100 Fixed costs (mobilization, 

demobilization and similar)
[%] 0.30% 1,159,893,796.28 3,479,681.39

1200 Costs depending on construction 
duration

[%] 0.60% 1,159,893,796.28 6,959,362.78

1300 Cost of minor works not covered 
elsewhere (like landscaping, etc.)

[%] 2.00% 1,159,893,796.28 23,197,875.93

1400 Mitigation measures [%] 1.50% 1,159,893,796.28 17,398,406.94

2000 Earthworks
2100 Excavation in earth material 

(unsuitable for fill; for depot)
[m3] 11.53 144,000.00 1,660,320.00

2110 Excavation suitable for fill and/or 
excavation in rock material (suitable 
for fill)

[m3] 10.65 6,402,000.00 68,181,300.00

2200 Fill [m3] 5.11 1,757,430.00 8,980,467.30
2210 Fill for disposal [m3] 8.54 4,788,570.00 40,894,387.80

3000 Roadworks
3100 Road construction (all pavement 

layers, signs, road marking, 
guardrails, fences, ditches, etc.)

[km] 4,170,959.00 20.79 86,714,237.61

4000 Structures
4100 Retaining walls [m] 871.73 2,400.00 2,092,152.00
4200 Culverts [no] 51,000.00 18.00 918,000.00
4330 Bridges/overpasses with 

prestressed beams
[m2] 1,014.00 39,150.00 39,698,100.00

4340 Temporary Reinforcements [m] 1,000.00 1,200.00 1,200,000.00

4600 Medium Tunnels [m] 21,646.00 20,980.00 477,133,080.00
4610 Power supply % of 4600, 4640 10.0% 500,133,080.00 50,013,308.00
4620 Fire protection % of 4600, 4640 5.0% 500,133,080.00 25,006,654.00
4630 Ventilation % of 4600, 4640 4.0% 500,133,080.00 20,005,323.20
4640 Portals LS 1,150,000.00 20.00 23,000,000.00

4700 Long Tunnels [m] 25,163.00 8,900.00 223,950,700.00
4710 Power supply % of 4700, 4740 20.0% 238,350,700.00 47,670,140.00
4720 Fire protection % of 4700, 4740 2.5% 238,350,700.00 5,958,767.50
4730 Ventilation % of 4700, 4740 5.0% 238,350,700.00 11,917,535.00
4740 Portals LS 3,600,000.00 4.00 14,400,000.00

5000 Other works
5100 Relocations of utilities LS 4,236,119.87 1.00 4,236,119.87
5200 Relocations of railways LS 0.00 0.00 0.00
5300 Correction of riverbeds LS 141,204.00 1.00 141,204.00
5400 Works at interchanges [no.] 3,061,000.00 2.00 6,122,000.00

9000 Non-work items
9100 Risk and profit [%] 10% 1,159,893,796.28 115,989,379.63
9400 Publicity [%] 0.10% 1,159,893,796.28 1,159,893.80

Other costs
Design costs [km] 24,000.00 20.79 498,960.00
Cost of land acquisitions [km] 1,155,000.00 10.30 11,896,500.00
Construction supervision [%] 3.0% 1,159,893,796.28 34,796,813.89
Project management costs [%] 2.0% 1,159,893,796.28 23,197,875.93
Project contingencies [%] 10% 1,159,893,796.28 115,989,379.63

Amount BGN (no VAT) 1,514,457,926.18

Subsections:
379+067 - 398+644 (=397+800 brown dotted) - 6 tunnels violet alternative
397+800 - 401+000 - brown dotted alternative



Lot 3.2 - SPEA Red 

Item Description Units Unit Rate Quantity Аmount

1000 General items
1100 Fixed costs (mobilization, 

demobilization and similar)
[%] 0.30% 535,740,350.34 1,607,221.05

1200 Costs depending on construction 
duration

[%] 0.60% 535,740,350.34 3,214,442.10

1300 Cost of minor works not covered 
elsewhere (like landscaping, etc.)

[%] 2.00% 535,740,350.34 10,714,807.01

1400 Mitigation measures [%] 1.50% 535,740,350.34 8,036,105.26

2000 Earthworks
2100 Excavation in earth material 

(unsuitable for fill; for depot)
[m3] 11.53 720,000.00 8,301,600.00

2110 Excavation suitable for fill and/or 
excavation in rock material (suitable 
for fill)

[m3] 10.65 2,184,500.00 23,264,925.00

2200 Fill [m3] 5.11 1,010,400.00 5,163,144.00
2210 Fill for disposal [m3] 8.54 1,894,100.00 16,175,614.00

3000 Roadworks
3100 Road construction (all pavement 

layers, signs, road marking, 
guardrails, fences, ditches, etc.)

[km] 3,545,315.15 21.193 75,135,863.97

4000 Structures
4100 Retaining walls [m] 871.73 3,600.00 3,138,228.00
4200 Culverts [no] 51,000.00 22.00 1,122,000.00
4330 Bridges/overpasses with 

prestressed beams
[m2] 1,014.00 267,124.00 270,863,736.00

4340 Temporary Reinforcements [m] 1,000.00 1,800.00 1,800,000.00

4500 Short Tunnels [m] 17,462.80 5,800.00 101,284,240.00
4510 Power supply % of 4500, 4540 4.0% 112,372,240.00 4,494,889.60
4520 Fire protection % of 4500, 4540 3.0% 112,372,240.00 3,371,167.20
4530 Ventilation % of 4500, 4540 0.05% 112,372,240.00 56,186.12
4540 Portals LS 346,500.00 32.00 11,088,000.00

5000 Other works
5100 Relocations of utilities LS 4,218,151.40 1.00 4,218,151.40
5200 Relocations of railways LS 0.00 0.00 0.00
5300 Correction of riverbeds LS 140,605.05 1.00 140,605.05
5400 Works at interchanges [no.] 3,061,000.00 2.00 6,122,000.00

9000 Non-work items
9100 Risk and profit [%] 10% 535,740,350.34 53,574,035.03
9400 Publicity [%] 0.10% 535,740,350.34 535,740.35

Other costs
Design costs [km] 24,000.00 21.19 508,632.00
Cost of land acquisitions [km] 1,155,000.00 18.29 21,128,415.00
Construction supervision [%] 3.0% 535,740,350.34 16,072,210.51
Project management costs [%] 2.0% 535,740,350.34 10,714,807.01
Project contingencies [%] 10% 535,740,350.34 53,574,035.03

Amount BGN (no VAT) 715,420,800.70



Lot 3.2 - SPEA Green

Item Description Units Unit Rate Quantity Аmount

1000 General items
1100 Fixed costs (mobilization, 

demobilization and similar)
[%] 0.30% 917,966,411.27 2,753,899.23

1200 Costs depending on construction 
duration

[%] 0.60% 917,966,411.27 5,507,798.47

1300 Cost of minor works not covered 
elsewhere (like landscaping, etc.)

[%] 2.00% 917,966,411.27 18,359,328.23

1400 Mitigation measures [%] 1.50% 917,966,411.27 13,769,496.17

2000 Earthworks
2100 Excavation in earth material 

(unsuitable for fill; for depot)
[m3] 11.53 720,000.00 8,301,600.00

2110 Excavation suitable for fill and/or 
excavation in rock material (suitable 
for fill)

[m3] 10.65 5,786,400.00 61,625,160.00

2200 Fill [m3] 5.11 906,800.00 4,633,748.00
2210 Fill for disposal [m3] 8.54 5,599,600.00 47,820,584.00

3000 Roadworks
3100 Road construction (all pavement 

layers, signs, road marking, 
guardrails, fences, ditches, etc.)

[km] 3,545,315.15 21.082 74,742,333.99

4000 Structures
4100 Retaining walls [m] 871.73 1,700.00 1,481,941.00
4200 Culverts [no] 51,000.00 14.00 714,000.00
4330 Bridges/overpasses with 

prestressed beams
[m2] 1,014.00 79,503.00 80,616,042.00

4340 Temporary Reinforcements [m] 1,000.00 850.00 850,000.00

4500 Short Tunnels [m] 17,462.80 2,160.00 37,719,648.00
4510 Power supply % of 4500, 4540 6.0% 46,959,648.00 2,817,578.88
4520 Fire protection % of 4500, 4540 2.5% 46,959,648.00 1,173,991.20
4530 Ventilation % of 4500, 4540 0.05% 46,959,648.00 23,479.82
4540 Portals LS 385,000.00 24.00 9,240,000.00

4600 Medium Tunnels [m] 21,646.00 12,600.00 272,739,600.00
4610 Power supply % of 4600, 4640 10.0% 291,139,600.00 29,113,960.00
4620 Fire protection % of 4600, 4640 6.0% 291,139,600.00 17,468,376.00
4630 Ventilation % of 4600, 4640 4.0% 291,139,600.00 11,645,584.00
4640 Portals LS 1,150,000.00 16.00 18,400,000.00

4700 Long Tunnels [m] 25,163.00 6,540.00 164,566,020.00
4710 Power supply % of 4700, 4740 20.0% 177,526,020.00 35,505,204.00
4720 Fire protection % of 4700, 4740 2.5% 177,526,020.00 4,438,150.50
4730 Ventilation % of 4700, 4740 5.0% 177,526,020.00 8,876,301.00
4740 Portals LS 6,480,000.00 2.00 12,960,000.00

5000 Other works
5100 Relocations of utilities LS 4,230,105.36 1.00 4,230,105.36
5200 Relocations of railways LS 0.00 0.00 0.00
5300 Correction of riverbeds LS 141,003.51 1.00 141,003.51
5400 Works at interchanges [no.] 3,061,000.00 2.00 6,122,000.00

9000 Non-work items
9100 Risk and profit [%] 10% 917,966,411.27 91,796,641.13
9400 Publicity [%] 0.10% 917,966,411.27 917,966.41

Other costs
Design costs [km] 24,000.00 21.08 505,968.00
Cost of land acquisitions [km] 1,155,000.00 13.70 15,825,810.00
Construction supervision [%] 3.0% 917,966,411.27 27,538,992.34
Project management costs [%] 2.0% 917,966,411.27 18,359,328.23
Project contingencies [%] 10% 917,966,411.27 91,796,641.13

Amount BGN (no VAT) 1,205,098,280.59



Lot 3.2 - ECO A Eastern

Item Description Units Unit Rate Quantity Аmount

1000 General items
1100 Fixed costs (mobilization, 

demobilization and similar)
[%] 0.30% 1,165,389,786.34 3,496,169.36

1200 Costs depending on construction 
duration

[%] 0.60% 1,165,389,786.34 6,992,338.72

1300 Cost of minor works not covered 
elsewhere (like landscaping, etc.)

[%] 2.00% 1,165,389,786.34 23,307,795.73

1400 Mitigation measures [%] 1.50% 1,165,389,786.34 17,480,846.80

2000 Earthworks
2100 Excavation in earth material 

(unsuitable for fill; for depot)
[m3] 11.53 252,000.00 2,905,560.00

2110 Excavation suitable for fill and/or 
excavation in rock material (suitable 
for fill)

[m3] 10.65 5,827,150.00 62,059,147.50

2200 Fill [m3] 5.11 1,121,400.00 5,730,354.00
2210 Fill for disposal [m3] 8.54 4,957,750.00 42,339,185.00

3000 Roadworks
3100 Road construction (all pavement 

layers, signs, road marking, 
guardrails, fences, ditches, etc.)

[km] 4,170,959.00 28.658 119,531,343.02

4000 Structures
4100 Retaining walls [m] 883.15 2,860.00 2,525,809.00
4200 Culverts [no] 75,597.56 8 604,780.48
4330 Bridges/overpasses with 

prestressed beams
[m2] 1,014.00 220,515.00 223,602,210.00

4340 Temporary Reinforcements [m] 1,000.00 1,430.00 1,430,000.00

4500 Short Tunnels [m] 17,462.80 990.00 17,288,172.00
4510 Power supply % of 4500, 4540 8.0% 18,828,172.00 1,506,253.76
4520 Fire protection % of 4500, 4540 6.0% 18,828,172.00 1,129,690.32
4530 Ventilation % of 4500, 4540 0.05% 18,828,172.00 9,414.09
4540 Portals LS 385,000.00 4.00 1,540,000.00

4600 Medium Tunnels [m] 21,646.00 24,740.00 535,522,040.00
4610 Power supply % of 4600, 4640 10.0% 563,122,040.00 56,312,204.00
4620 Fire protection % of 4600, 4640 6.0% 563,122,040.00 33,787,322.40
4630 Ventilation % of 4600, 4640 4.0% 563,122,040.00 22,524,881.60
4640 Portals LS 1,150,000.00 24.00 27,600,000.00

5000 Other works
5100 Relocations of utilities LS 4,239,115.33 1.00 4,239,115.33
5200 Relocations of railways LS 0.00 0.00 0.00
5300 Correction of riverbeds LS 141,303.84 1.00 141,303.84
5400 Works at interchanges [no.] 3,061,000.00 1.00 3,061,000.00

9000 Non-work items
9100 Risk and profit [%] 10% 1,165,389,786.34 116,538,978.63
9400 Publicity [%] 0.10% 1,165,389,786.34 1,165,389.79

Other costs
Design costs [km] 24,000.00 28.66 687,792.00
Cost of land acquisitions [km] 1,155,000.00 15.79 18,240,915.00
Construction supervision [%] 3.0% 1,165,389,786.34 34,961,693.59
Project management costs [%] 2.0% 1,165,389,786.34 23,307,795.73
Project contingencies [%] 10% 1,165,389,786.34 116,538,978.63

Amount BGN (no VAT) 1,528,108,480.31



Lot 3.2 - ECO B Eastern

Item Description Units Unit Rate Quantity Аmount

1000 General items
1100 Fixed costs (mobilization, 

demobilization and similar)
[%] 0.30% 1,722,993,417.84 5,168,980.25

1200 Costs depending on construction 
duration

[%] 0.60% 1,722,993,417.84 10,337,960.51

1300 Cost of minor works not covered 
elsewhere (like landscaping, etc.)

[%] 0.20% 1,722,993,417.84 3,445,986.84

1400 Mitigation measures [%] 1.50% 1,722,993,417.84 25,844,901.27

2000 Earthworks
2100 Excavation in earth material 

(unsuitable for fill; for depot)
[m3] 11.53 486,000.00 5,603,580.00

2110 Excavation suitable for fill and/or 
excavation in rock material (suitable 
for fill)

[m3] 10.65 8,700,500.00 92,660,325.00

2200 Fill [m3] 5.11 1,897,475.00 9,696,097.25
2210 Fill for disposal [m3] 8.54 7,289,025.00 62,248,273.50

3000 Roadworks
3100 Road construction (all pavement 

layers, signs, road marking, 
guardrails, fences, ditches, etc.)

[km] 4,170,959.00 32.608 136,006,631.07

4000 Structures
4100 Retaining walls [m] 884.14 3,720.00 3,289,000.80
4200 Culverts [no] 57,230.87 18.00 1,030,155.66
4330 Bridges/overpasses with 

prestressed beams
[m2] 1,014.00 108,900.00 110,424,600.00

4340 Temporary Reinforcements [m] 1,000.00 1,860.00 1,860,000.00

4500 Short Tunnels [m] 17,462.80 900.00 15,716,520.00
4510 Power supply % of 4500, 4540 9.0% 17,256,520.00 1,553,086.80

4520 Fire protection % of 4500, 4540 6.0% 17,256,520.00 1,035,391.20

4530 Ventilation % of 4500, 4540 0.05% 17,256,520.00 8,628.26

4540 Portals LS 385,000.00 4.00 1,540,000.00

4600 Medium Tunnels [m] 21,646.00 18,500.00 400,451,000.00
4610 Power supply % of 4600, 4640 10.0% 418,851,000.00 41,885,100.00

4620 Fire protection % of 4600, 4640 6.0% 418,851,000.00 25,131,060.00

4630 Ventilation % of 4600, 4640 4.0% 418,851,000.00 16,754,040.00

4640 Portals LS 1,150,000.00 16.00 18,400,000.00

4700 Long Tunnels [m] 25,163.00 23,280.00 585,794,640.00
4710 Power supply % of 4700, 

4740, 4750
20.0% 604,294,640.00 120,858,928.00

4720 Fire protection % of 4700, 
4740, 4750

2.5% 604,294,640.00 15,107,366.00

4730 Ventilation % of 4700, 
4740, 4750

5.0% 604,294,640.00 30,214,732.00

4740 Portals LS 3,600,000.00 4.00 14,400,000.00
4750 Access tunel with ventilation LS 4,100,000.00 1.00 4,100,000.00

5000 Other works
5100 Relocations of utilities LS 4,243,858.06 1.00 4,243,858.06
5200 Relocations of railways LS 0.00 0.00 0.00
5300 Correction of riverbeds LS 141,461.94 1.00 141,461.94
5400 Works at interchanges [no.] 2,838,942.29 1.00 2,838,942.29

9000 Non-work items
9100 Risk and profit [%] 10% 1,722,993,417.84 172,299,341.78
9400 Publicity [%] 0.10% 1,722,993,417.84 1,722,993.42

Other costs
Design costs [km] 48,000.00 32.61 1,565,184.00
Cost of land acquisitions [km] 1,155,000.00 22.91 26,458,740.00
Construction supervision [%] 3.0% 1,722,993,417.84 51,689,802.54
Project management costs [%] 2.0% 1,722,993,417.84 34,459,868.36
Project contingencies [%] 10% 1,722,993,417.84 172,299,341.78

Amount BGN (no VAT) 2,228,286,518.58



Lot 3.2 - Long Dual Tunnel

Item Description Units Unit Rate Quantity Аmount

1000 General items
1100 Fixed costs (mobilization, 

demobilization and similar)
[%] 0.30% 1,237,618,483.60 3,712,855.45

1200 Costs depending on construction 
duration

[%] 0.60% 1,237,618,483.60 7,425,710.90

1300 Cost of minor works not covered 
elsewhere (like landscaping, etc.)

[%] 0.20% 1,237,618,483.60 2,475,236.97

1400 Mitigation measures [%] 1.50% 1,237,618,483.60 18,564,277.25

2000 Earthworks
2100 Excavation in earth material 

(unsuitable for fill; for depot)
[m3] 11.53 100,000.00 1,153,000.00

2110 Excavation suitable for fill and/or 
excavation in rock material (suitable 
for fill)

[m3] 10.65 4,575,000.00 48,723,750.00

2200 Fill [m3] 5.11 1,448,331.00 7,400,971.41
2210 Fill for disposal [m3] 8.54 3,126,669.00 26,701,753.26

3000 Roadworks
3100 Road construction (all pavement 

layers, signs, road marking, 
guardrails, fences, ditches, etc.)

[km] 4,170,959.00 20.420 85,170,982.78

4000 Structures
4100 Retaining walls [m] 871.73 680.00 592,776.40
4200 Culverts [no] 51,000.00 18 918,000.00
4330 Bridges/overpasses with 

prestressed beams
[m2] 1,014.00 41,866.00 42,452,124.00

4340 Temporary Reinforcements [m] 1,000.00 340.00 340,000.00

4700 Long Tunnels [m] 25,163.00 30,710.00 772,755,730.00
4710 Power supply % of 4700, 4740, 

4750, 4760
20.0% 795,025,730.00 159,005,146.00

4720 Fire protection % of 4700, 4740, 
4750, 4760

2.5% 795,025,730.00 19,875,643.25

4730 Ventilation % of 4700, 4740, 
4750, 4760

5.0% 795,025,730.00 39,751,286.50

4740 Portals LS 3,600,000.00 4.00 14,400,000.00
4750 Access tunel with ventilation LS 4,100,000.00 1.00 4,100,000.00
4760 Access tunel without ventilation LS 1,885,000.00 2.00 3,770,000.00

5000 Other works
5100 Relocations of utilities LS 4,243,858.06 1.00 4,243,858.06
5200 Relocations of railways LS 0.00 0.00 0.00
5300 Correction of riverbeds LS 141,461.94 1.00 141,461.94
5400 Works at interchanges [no.] 3,061,000.00 2.00 6,122,000.00

9000 Non-work items
9100 Risk and profit [%] 10% 1,237,618,483.60 123,761,848.36
9400 Publicity [%] 0.10% 1,237,618,483.60 1,237,618.48

Other costs
Design costs [km] 24,000.00 20.42 490,080.00
Cost of land acquisitions [km] 1,155,000.00 5.60 6,468,000.00
Construction supervision [%] 3.0% 1,237,618,483.60 37,128,554.51
Project management costs [%] 2.0% 1,237,618,483.60 24,752,369.67
Project contingencies [%] 10% 1,237,618,483.60 123,761,848.36

Amount BGN (no VAT) 1,587,396,883.56



Lot 3.2 - Long Single Tunnel (unidirectional traffic)

Item Description Units Unit Rate Quantity Аmount

1000 General items
1100 Fixed costs (mobilization, 

demobilization and similar)
[%] 0.30% 1,137,737,869.10 3,413,213.61

1200 Costs depending on construction 
duration

[%] 0.60% 1,137,737,869.10 6,826,427.21

1300 Cost of minor works not covered 
elsewhere (like landscaping, etc.)

[%] 0.20% 1,137,737,869.10 2,275,475.74

1400 Mitigation measures [%] 1.50% 1,137,737,869.10 17,066,068.04

2000 Earthworks
2100 Excavation in earth material 

(unsuitable for fill; for depot)
[m3] 11.53 100,000.00 1,153,000.00

2110 Excavation suitable for fill and/or 
excavation in rock material (suitable 
for fill)

[m3] 10.65 3,700,000.00 39,405,000.00

2200 Fill [m3] 5.11 1,448,331.00 7,400,971.41
2210 Fill for disposal [m3] 8.54 2,351,669.00 20,083,253.26
2300 Reinforcement of slopes LS 1.00 27,666,666.67 27,666,666.67

3000 Roadworks
3100 Road construction (all pavement 

layers, signs, road marking, 
guardrails, fences, ditches, etc.)

[km] 4,170,959.00 29.62 123,560,489.42

4000 Structures
4100 Retaining walls [m] 871.73 1,600.00 1,394,768.00
4200 Culverts [no] 51,000.00 16.00 816,000.00
4330 Bridges/overpasses with 

prestressed beams
[m2] 1,014.00 41,160.00 41,736,240.00

4340 Temporary Reinforcements [m] 1,000.00 800.00 800,000.00

4700 Long Tunnels - with evacuation tun. [m] 25,163.00 15,340.00 386,000,420.00

4710 Power supply % of 4700, 4740-
4770

20.0% 677,030,714.00 135,406,142.80

4720 Fire protection % of 4700, 4740-
4770

2.5% 677,030,714.00 16,925,767.85

4730 Ventilation % of 4700, 4740-
4770

5.0% 677,030,714.00 33,851,535.70

4740 Portals LS 6,480,000.00 2.00 12,960,000.00
4750 Adit tunel vith ventilation LS 4,100,000.00 1.00 4,100,000.00
4760 Adit tunel vith ventilation LS 1,885,000.00 2.00 3,770,000.00
4770 Evacuation tunnel [m] 17,614.10 15,340.00 270,200,294.00

5000 Other works
5100 Relocations of utilities LS 4,243,858.06 1.00 4,243,858.06
5200 Relocations of railways LS 0.00 0.00 0.00
5300 Correction of riverbeds LS 141,461.94 1.00 141,461.94
5400 Works at interchanges [no.] 3,061,000.00 2.00 6,122,000.00

9000 Non-work items
9100 Risk and profit [%] 10% 1,137,737,869.10 113,773,786.91
9400 Publicity [%] 0.10% 1,137,737,869.10 1,137,737.87

Other costs
Design costs [km] 24,000.00 29.62 710,976.00
Cost of land acquisitions [km] 1,155,000.00 5.60 6,468,000.00
Construction supervision [%] 3.0% 1,137,737,869.10 34,132,136.07
Project management costs [%] 2.0% 1,137,737,869.10 22,754,757.38
Project contingencies [%] 10% 1,137,737,869.10 113,773,786.91

Amount BGN (no VAT) 1,460,070,234.84



Lot 3.2 - Long Single Tunnel (bidirectional traffic)

Item Description Units Unit Rate Quantity Аmount

1000 General items
1100 Fixed costs (mobilization, 

demobilization and similar)
[%] 0.30% 1,068,671,867.90 3,206,015.60

1200 Costs depending on construction 
duration

[%] 0.60% 1,068,671,867.90 6,412,031.21

1300 Cost of minor works not covered 
elsewhere (like landscaping, etc.)

[%] 0.20% 1,068,671,867.90 2,137,343.74

1400 Mitigation measures [%] 1.50% 1,068,671,867.90 16,030,078.02

2000 Earthworks
2100 Excavation in earth material 

(unsuitable for fill; for depot)
[m3] 11.53 100,000.00 1,153,000.00

2110 Excavation suitable for fill and/or 
excavation in rock material (suitable 
for fill)

[m3] 10.65 3,225,000.00 34,346,250.00

2200 Fill [m3] 5.11 1,508,331.00 7,707,571.41
2210 Fill for disposal [m3] 8.54 1,816,669.00 15,514,353.26

3000 Roadworks
3100 Road construction (all pavement 

layers, signs, road marking, 
guardrails, fences, ditches, etc.)

[km] 2,722,709.35 29.62 80,657,541.70

4000 Structures
4100 Retaining walls [m] 871.73 680.00 592,776.40
4200 Culverts [no] 51,000.00 16.00 816,000.00
4330 Bridges/overpasses with 

prestressed beams
[m2] 1,014.00 28,812.00 29,215,368.00

4340 Temporary Reinforcements [m] 1,000.00 340.00 340,000.00

4700 Long Tunnels [m] 26,421.15 15,340.00 405,300,441.00
4710 Power supply % of 4700, 4740-

4770
20.0% 696,330,735.00 139,266,147.00

4720 Fire protection % of 4700, 4740-
4770

2.5% 696,330,735.00 17,408,268.38

4730 Ventilation % of 4700, 4740-
4770

5.0% 696,330,735.00 34,816,536.75

4740 Portals LS 6,480,000.00 2.00 12,960,000.00
4750 Access tunel with ventilation LS 4,100,000.00 1.00 4,100,000.00
4760 Access tunel without ventilation LS 1,885,000.00 2.00 3,770,000.00
4770 Evacuation tunnel [m] 17,614.10 15,340.00 270,200,294.00

5000 Other works
5100 Relocations of utilities LS 4,243,858.06 1.00 4,243,858.06
5200 Relocations of railways LS 0.00 0.00 0.00
5300 Correction of riverbeds LS 141,461.94 1.00 141,461.94
5400 Works at interchanges [no.] 3,061,000.00 2.00 6,122,000.00

9000 Non-work items
9100 Risk and profit [%] 10% 1,068,671,867.90 106,867,186.79
9400 Publicity [%] 0.10% 1,068,671,867.90 1,068,671.87

Other costs
Design costs [km] 24,000.00 29.62 710,976.00
Cost of land acquisitions [km] 1,155,000.00 5.60 6,468,000.00
Construction supervision [%] 3.0% 1,068,671,867.90 32,060,156.04
Project management costs [%] 2.0% 1,068,671,867.90 21,373,437.36
Project contingencies [%] 10% 1,068,671,867.90 106,867,186.79

Amount BGN (no VAT) 1,371,872,951.30



Lot 3.2 - Dual Carriageway

Item Description Units Unit Rate Quantity Аmount

1000 General items
1100 Fixed costs (mobilization, 

demobilization and similar)
[%] 0.30% 427,696,874.56 1,283,090.62

1200 Costs depending on construction 
duration

[%] 0.60% 427,696,874.56 2,566,181.25

1300 Cost of minor works not covered 
elsewhere (like landscaping, etc.)

[%] 0.20% 427,696,874.56 855,393.75

1400 Mitigation measures [%] 1.50% 427,696,874.56 6,415,453.12

2000 Earthworks
2100 Excavation in earth material 

(unsuitable for fill; for depot)
[m3] 11.53 200,000.00 2,306,000.00

2110 Excavation suitable for fill and/or 
excavation in rock material (suitable 
for fill)

[m3] 10.65 2,600,000.00 27,690,000.00

2200 Fill [m3] 5.11 2,500,000.00 12,775,000.00
2210 Fill for disposal [m3] 8.54 300,000.00 2,562,000.00
2300 Reinforcement of slopes LS 1.00 83,000,000.00 83,000,000.00

3000 Roadworks
3100 Road construction (all pavement 

layers, signs, road marking, 
guardrails, fences, ditches, etc.)

[km] 2,934,393.42 23.788 69,803,350.70

4000 Structures
4100 Retaining walls [m] 884.14 10,490.00 9,274,628.60
4200 Culverts [no] 57,230.87 102 5,837,548.74
4330 Bridges/overpasses with prestressed 

beams
[m2] 1,014.00 98,332.00 99,708,648.00

4340 Temporary Reinforcements [m] 1,000.00 15,735.00 15,735,000.00
4350 Temporary Roads and Traffic 

Organization
LS 1.00 10,000,000.00 10,000,000.00

4500 Short Tunnels [m] 17,462.80 3,002.50 52,432,057.00
4510 Power supply % of 4500, 4540 9.0% 57,822,057.00 5,203,985.13

4520 Fire protection % of 4500, 4540 6.0% 57,822,057.00 3,469,323.42

4530 Ventilation % of 4500, 4540 0.05% 57,822,057.00 28,911.03

4540 Portals LS 385,000.00 14.00 5,390,000.00

4600 Medium Tunnels [m] 21,646.00 0.00 0.00
4610 Power supply % of 4600, 4640 10.0% 0.00 0.00

4620 Fire protection % of 4600, 4640 6.0% 0.00 0.00

4630 Ventilation % of 4600, 4640 4.0% 0.00 0.00

4640 Portals LS 1,150,000.00 0.00 0.00

5000 Other works
5100 Relocations of utilities LS 4,243,858.06 3.00 12,731,574.18
5200 Relocations of railways LS 0.00 0.00 0.00
5300 Correction of riverbeds LS 141,461.94 4.00 565,847.76
5400 Works at interchanges [no.] 3,061,000.00 3.00 9,183,000.00

9000 Non-work items
9100 Risk and profit [%] 10% 427,696,874.56 42,769,687.46
9400 Publicity [%] 0.10% 427,696,874.56 427,696.87

Other costs
Design costs [km] 48,000.00 23.79 1,141,824.00
Cost of land acquisitions [km] 1,155,000.00 5.60 6,468,000.00
Construction supervision [%] 3.0% 427,696,874.56 12,830,906.24
Project management costs [%] 2.0% 427,696,874.56 8,553,937.49
Project contingencies [%] 10% 427,696,874.56 42,769,687.46

Amount BGN (no VAT) 553,778,732.81



Lot 3.2 - Staged Dual Carriageway

Item Description Units Unit Rate Quantity Аmount

1000 General items
1100 Fixed costs (mobilization, 

demobilization and similar)
[%] 0.30% 398,521,025.11 1,195,563.08

1200 Costs depending on construction 
duration

[%] 0.60% 398,521,025.11 2,391,126.15

1300 Cost of minor works not covered 
elsewhere (like landscaping, etc.)

[%] 0.20% 398,521,025.11 797,042.05

1400 Mitigation measures [%] 1.50% 398,521,025.11 5,977,815.38

2000 Earthworks
2100 Excavation in earth material 

(unsuitable for fill; for depot)
[m3] 11.53 1,986,000.00 22,898,580.00

2110 Excavation suitable for fill and/or 
excavation in rock material (suitable 
for fill)

[m3] 10.65 902,050.00 9,606,832.50

2200 Fill [m3] 5.11 1,640,000.00 8,380,400.00
2210 Fill for disposal [m3] 8.54 1,248,050.00 10,658,347.00
2230 Reinforcement of slopes LS 1.00 83,000,000.00 83,000,000.00

3000 Roadworks
3100 Road construction (all pavement 

layers, signs, road marking, 
guardrails, fences, ditches, etc.)

[km] 1,828,698.87 23.788 43,501,088.80

4000 Structures
4100 Retaining walls [m] 884.14 9,800.00 8,664,572.00
4200 Culverts [no] 57,230.87 98.00 5,608,625.26
4330 Bridges/overpasses with prestressed 

beams
[m2] 1,014.00 37,452.00 37,976,328.00

4340 Temporary Reinforcements [m] 1,000.00 6,860.00 6,860,000.00
4350 Temporary Roads and Traffic 

Organization
LS 1.00 6,000,000.00 6,000,000.00

4500 Short Tunnels [m] 17,462.80 3,920.00 68,454,176.00
4510 Power supply % of 4500, 4540 9.0% 86,934,176.00 7,824,075.84

4520 Fire protection % of 4500, 4540 6.0% 86,934,176.00 5,216,050.56

4530 Ventilation % of 4500, 4540 0.05% 86,934,176.00 43,467.09

4540 Portals LS 385,000.00 48.00 18,480,000.00

4600 Medium Tunnels [m] 21,646.00 1,170.00 25,325,820.00
4610 Power supply % of 4600, 4640 10.0% 27,625,820.00 2,762,582.00

4620 Fire protection % of 4600, 4640 6.0% 27,625,820.00 1,657,549.20

4630 Ventilation % of 4600, 4640 4.0% 27,625,820.00 1,105,032.80

4640 Portals LS 1,150,000.00 2.00 2,300,000.00

5000 Other works
5100 Relocations of utilities LS 4,243,858.06 3.00 12,731,574.18
5200 Relocations of railways LS 0.00 0.00 0.00
5300 Correction of riverbeds LS 141,461.94 2.00 282,923.88
5400 Works at interchanges [no.] 3,061,000.00 3.00 9,183,000.00

9000 Non-work items
9100 Risk and profit [%] 10% 398,521,025.11 39,852,102.51
9400 Publicity [%] 0.10% 398,521,025.11 398,521.03

Other costs
Design costs [km] 48,000.00 23.79 1,141,824.00
Cost of land acquisitions [km] 1,155,000.00 5.60 6,468,000.00
Construction supervision [%] 3.0% 398,521,025.11 11,955,630.75
Project management costs [%] 2.0% 398,521,025.11 7,970,420.50
Project contingencies [%] 10% 398,521,025.11 39,852,102.51

Amount BGN (no VAT) 516,521,173.07



Lot 3.2 Western

Item Description Units Unit Rate Quantity Аmount

1000 General items
1100 Fixed costs (mobilization, 

demobilization and similar)
[%] 0.30% 913,746,366.81 2,741,239.10

1200 Costs depending on construction 
duration

[%] 0.60% 913,746,366.81 5,482,478.20

1300 Cost of minor works not covered 
elsewhere (like landscaping, etc.)

[%] 2.00% 913,746,366.81 18,274,927.34

1400 Mitigation measures [%] 1.50% 913,746,366.81 13,706,195.50

2000 Earthworks
2100 Excavation in earth material 

(unsuitable for fill; for depot)
[m3] 11.53 2,100,000.00 24,213,000.00

2110 Excavation suitable for fill and/or 
excavation in rock material (suitable 
for fill)

[m3] 10.65 4,200,000.00 44,730,000.00

2200 Fill [m3] 5.11 3,758,000.00 19,203,380.00
2210 Fill for disposal [m3] 8.54 2,542,000.00 21,708,680.00

3000 Roadworks
3100 Road construction (all pavement 

layers, signs, road marking, 
guardrails, fences, ditches, etc.)

[km] 4,170,959.00 24.200 100,937,207.80

4000 Structures
4100 Retaining walls [m] 871.73 1,060.00 924,033.80
4200 Culverts [no] 51,000.00 18.00 918,000.00
4330 Bridges/overpasses with 

prestressed beams
[m2] 1,014.00 46,738.00 47,392,332.00

4340 Temporary Reinforcements [m] 1,000.00 530.00 530,000.00

4500 Short Tunnels [m] 17,462.80 3,100.00 54,134,680.00
4510 Power supply % of 4500, 4540 9.0% 58,754,680.00 5,287,921.20
4520 Fire protection % of 4500, 4540 6.0% 58,754,680.00 3,525,280.80
4530 Ventilation % of 4500, 4540 0.05% 58,754,680.00 29,377.34
4540 Portals LS 385,000.00 12.00 4,620,000.00

4600 Medium Tunnels [m] 21,646.00 0.00 0.00
4610 Power supply % of 4600, 4640 10.0% 0.00 0.00
4620 Fire protection % of 4600, 4640 6.0% 0.00 0.00
4630 Ventilation % of 4600, 4640 4.0% 0.00 0.00
4640 Portals LS 1,150,000.00 0.00 0.00

4700 Long Tunnels [m] 25,163.00 17,500.00 440,352,500.00
4710 Power supply % of 4700, 4740, 

4750, 4760
18.0% 458,852,500.00 82,593,450.00

4720 Fire protection % of 4700, 4740, 
4750, 4760

3.0% 458,852,500.00 13,765,575.00

4730 Ventilation % of 4700, 4740, 
4750, 4760

5.0% 458,852,500.00 22,942,625.00

4740 Portals LS 3,600,000.00 4.00 14,400,000.00
4750 Access tunel with ventilation LS 4,100,000.00 1.00 4,100,000.00
4760 Access tunel without ventilation LS 1,885,000.00 0.00 0.00

5000 Other works
5100 Relocations of utilities LS 4,236,119.87 1.00 4,236,119.87
5200 Relocations of railways LS 0.00 0.00 0.00
5300 Correction of riverbeds LS 141,204.00 1.00 141,204.00
5400 Works at interchanges [no.] 3,061,000.00 1.00 3,061,000.00

9000 Non-work items
9100 Risk and profit [%] 10% 913,746,366.81 91,374,636.68
9400 Publicity [%] 0.10% 913,746,366.81 913,746.37

Other costs
Design costs [km] 24,000.00 24.20 580,800.00
Cost of land acquisitions [km] 1,155,000.00 22.65 26,160,750.00
Construction supervision [%] 3.0% 913,746,366.81 27,412,391.00
Project management costs [%] 2.0% 913,746,366.81 18,274,927.34
Project contingencies [%] 10% 913,746,366.81 91,374,636.68

Amount BGN (no VAT) 1,210,043,095.02



 

 

Appendix 3 Traffic Forecasts 

 

 





2013 - Base Year

Link No. From Node To Node International Bus Domestic Bus Cars, commuting Cars, business Cars, leisure Cars, international Light trucks Trucks

3340 47 1358 15 124 59 249 1972 968 509 836
3340 1358 47 15 123 58 252 1969 970 321 1166
3339 1358 1040 0 0 0 0 0 0 0 0
3339 1040 1358 0 0 0 0 0 0 0 0
2771 1040 1043 0 0 0 0 0 0 0 0
2771 1043 1040 0 0 0 0 0 0 0 0
2773 1043 1044 0 0 0 0 0 0 0 0
2773 1044 1043 0 0 0 0 0 0 0 0
2774 1044 1041 0 0 0 0 0 0 0 0
2774 1041 1044 0 0 0 0 0 0 0 0
2768 1041 1013 0 0 0 0 0 0 0 0
2768 1013 1041 0 0 0 0 0 0 0 0
2689 1013 1014 0 0 0 0 0 0 0 0
2689 1014 1013 0 0 0 0 0 0 0 0
2688 1014 61 0 0 0 0 0 0 0 0
2688 61 1014 0 0 0 0 0 0 0 0
2693 61 897 0 0 0 0 0 0 0 0
2693 897 61 0 0 0 0 0 0 0 0
3341 1358 48 1 116 61 62 1020 725 438 836
3341 48 1358 1 115 61 69 1017 725 276 1167
608 48 44 1 120 328 128 1482 953 463 1099
608 44 48 1 119 326 140 1476 951 326 1487

2770 44 1042 1 155 1516 157 1949 913 934 1364
2770 1042 44 1 154 1508 173 1941 912 695 1785
2769 1042 37 1 164 1218 164 2388 931 1070 1476
2769 37 1042 1 164 1212 180 2382 930 825 1936
602 37 42 1 201 1012 160 2474 931 1085 1480
602 42 37 1 200 1008 176 2469 930 833 1945
598 42 46 1 171 97 64 1947 864 1175 1619
598 46 42 1 171 97 67 1945 864 923 2031
594 46 51 1 96 84 144 823 1071 1105 1577
594 51 46 1 96 84 147 823 1071 853 2051

3768 51 1448 1 120 104 150 1171 1071 1153 1610
3768 1448 51 1 119 105 152 1171 1071 904 2083
3769 1448 61 1 157 113 152 1320 1071 1174 1624
3769 61 1448 1 156 113 155 1320 1071 926 2097
588 61 71 1 0 0 25 937 1071 468 713
588 71 61 1 0 0 25 937 1071 219 1199
584 71 897 1 0 0 1 13 1096 502 728

2762 44 1040 0 79 749 58 1499 51 194 122
2762 1040 44 0 79 752 54 1501 51 245 115
2776 1042 1043 0 89 143 18 784 18 159 194
2776 1043 1042 0 89 142 18 782 18 163 157
2777 37 1044 0 0 0 0 0 0 0 0
2777 1044 37 0 0 0 0 0 0 0 0
2765 42 1041 0 0 0 0 0 34 0 45
2765 1041 42 0 0 0 0 0 34 0 80
2691 46 1013 0 0 0 0 0 0 0 0
2691 1013 46 0 0 0 0 0 0 0 0
2692 51 1014 0 0 0 0 0 0 0 0
2692 1014 51 0 0 0 0 0 0 0 0
3573 1014 1065 0 0 0 0 0 0 0 0
3573 1065 1014 0 0 0 0 0 0 0 0
3770 1448 1065 0 0 0 0 0 0 0 0
3770 1065 1448 0 0 0 0 0 0 0 0
3571 1065 1399 0 0 0 0 0 0 0 0
3571 1399 1065 0 0 0 0 0 0 0 0
3568 61 1399 0 67 142 73 1051 1 401 510
3568 1399 61 0 67 141 74 1049 1 401 505



2020 - Without Project

Link No. From Node To Node International Bus Domestic Bus Cars, commuting Cars, business Cars, leisure Cars, international Light trucks Trucks

3340 47 1358 19 209 174 329 2778 1168 774 971
3340 1358 47 19 209 174 339 2775 1171 501 846
3339 1358 1040 19 206 170 326 2722 1168 774 970
3339 1040 1358 19 205 169 335 2720 1171 501 845
2771 1040 1043 3 140 1558 183 2305 1118 1054 921
2771 1043 1040 3 140 1550 201 2297 1118 777 815
2773 1043 1044 3 150 1372 192 2773 1135 1200 85
2773 1044 1043 3 149 1365 209 2767 1135 910 39
2774 1044 1041 3 126 0 0 0 103 1193 85
2774 1041 1044 3 125 0 0 0 103 903 39
2768 1041 1013 0 0 0 0 0 0 0 0
2768 1013 1041 0 0 0 0 0 0 0 0
2689 1013 1014 0 0 0 0 0 0 0 0
2689 1014 1013 0 0 0 0 0 0 0 0
2688 1014 61 0 0 0 0 0 0 0 0
2688 61 1014 0 0 0 0 0 0 0 0
2693 61 897 1 0 0 0 13 1201 543 860
2693 897 61 1 0 0 0 13 1201 257 595
3341 1358 48 0 3 7 4 57 0 0 1
3341 48 1358 0 4 7 4 57 0 0 2
608 48 44 0 6 302 61 131 220 24 375
608 44 48 0 6 300 65 129 218 54 265

2770 44 1042 0 6 128 1 1 0 17 565
2770 1042 44 0 6 128 1 1 0 22 484
2769 1042 37 0 5 0 0 0 0 11 1516
2769 37 1042 0 5 0 0 0 0 13 1406
602 37 42 0 61 1145 187 2880 1032 34 1520
602 42 37 0 60 1140 204 2874 1032 29 1415
598 42 46 2 155 113 80 2282 994 1308 1730
598 46 42 2 155 113 84 2280 994 1020 1539
594 46 51 2 87 98 166 956 1204 1232 1732
594 51 46 2 86 98 168 955 1205 945 1485

3768 51 1448 2 108 121 171 1338 1204 1284 1767
3768 1448 51 2 107 121 174 1338 1205 1000 1517
3769 1448 61 2 139 138 174 1517 1204 1307 1783
3769 61 1448 2 139 138 176 1516 1205 1024 1531
588 61 71 0 0 0 26 1003 0 0 0
588 71 61 0 0 0 26 1002 0 0 0
584 71 897 0 0 0 0 1 22 24 8

2762 44 1040 0 141 1341 84 430 228 316 92
2762 1040 44 0 141 1337 89 427 226 286 73
2776 1042 1043 0 5 57 3 15 0 4 988
2776 1043 1042 0 5 58 3 15 0 4 1018
2777 37 1044 0 24 1365 209 2767 1032 8 0
2777 1044 37 0 24 1372 192 2773 1032 6 0
2765 42 1041 2 125 0 0 0 3 894 6
2765 1041 42 2 126 0 0 0 3 1177 1
2691 46 1013 0 0 0 0 0 0 0 0
2691 1013 46 0 0 0 0 0 0 0 0
2692 51 1014 0 0 0 0 0 0 0 0
2692 1014 51 0 0 0 0 0 0 0 0
3573 1014 1065 0 0 0 0 0 0 0 0
3573 1065 1014 0 0 0 0 0 0 0 0
3770 1448 1065 0 0 0 0 0 0 0 0
3770 1065 1448 0 0 0 0 0 0 0 0
3571 1065 1399 0 0 0 0 0 0 0 0
3571 1399 1065 0 0 0 0 0 0 0 0
3568 61 1399 0 60 163 83 1195 5 433 517
3568 1399 61 0 60 162 84 1194 5 436 524



2045 - Without Project

Link No. From Node To Node International Bus Domestic Bus Cars, commuting Cars, business Cars, leisure Cars, international Light trucks Trucks

3340 47 1358 24 256 218 412 3740 1661 883 1074
3340 1358 47 24 256 217 424 3733 1664 572 1032
3339 1358 1040 24 252 213 408 3667 1661 883 1073
3339 1040 1358 24 252 212 420 3661 1664 572 1031
2771 1040 1043 4 180 2171 257 3282 1601 1217 1011
2771 1043 1040 4 179 2159 283 3270 1599 904 976
2773 1043 1044 4 194 1947 271 3984 1624 1384 95
2773 1044 1043 4 193 1938 296 3974 1623 1056 53
2774 1044 1041 4 166 530 89 1345 641 1364 95
2774 1041 1044 4 165 527 97 1341 641 1032 53
2768 1041 1013 0 0 0 0 0 0 0 0
2768 1013 1041 0 0 0 0 0 0 0 0
2689 1013 1014 0 0 0 0 0 0 0 0
2689 1014 1013 0 0 0 0 0 0 0 0
2688 1014 61 0 0 0 0 0 0 0 0
2688 61 1014 0 0 0 0 0 0 0 0
2693 61 897 2 0 0 1 19 1745 621 948
2693 897 61 2 0 0 1 19 1744 294 768
3341 1358 48 0 4 8 6 74 0 0 1
3341 48 1358 0 4 8 6 74 0 0 2
608 48 44 0 8 409 88 187 304 28 437
608 44 48 0 8 406 95 185 302 62 310

2770 44 1042 0 7 165 1 1 0 7 624
2770 1042 44 0 7 164 2 1 0 10 525
2769 1042 37 0 6 0 0 0 0 0 1659
2769 37 1042 0 6 0 0 0 0 0 1602
602 37 42 0 78 1138 176 2815 983 38 1664
602 42 37 0 78 1133 191 2810 983 33 1610
598 42 46 3 210 180 118 3343 1437 1495 1877
598 46 42 3 209 180 123 3340 1436 1167 1734
594 46 51 2 117 164 256 1414 1749 1409 1854
594 51 46 2 117 164 260 1413 1749 1080 1690

3768 51 1448 2 150 201 264 2016 1749 1468 1890
3768 1448 51 2 150 201 268 2014 1749 1143 1723
3769 1448 61 2 196 245 267 2311 1749 1494 1905
3769 61 1448 2 196 245 270 2309 1749 1170 1737
588 61 71 0 0 0 40 1547 0 0 0
588 71 61 0 0 0 40 1546 0 0 0
584 71 897 0 0 0 1 2 38 27 9

2762 44 1040 0 167 1858 117 608 315 375 106
2762 1040 44 0 167 1851 126 608 313 342 89
2776 1042 1043 0 6 75 4 20 0 5 1151
2776 1043 1042 0 6 76 4 20 0 5 1111
2777 37 1044 0 28 1411 199 2633 983 23 0
2777 1044 37 0 28 1417 182 2639 983 20 0
2765 42 1041 3 165 527 97 1341 510 1022 6
2765 1041 42 3 166 530 89 1345 511 1346 2
2691 46 1013 0 0 0 0 0 0 0 0
2691 1013 46 0 0 0 0 0 0 0 0
2692 51 1014 0 0 0 0 0 0 0 0
2692 1014 51 0 0 0 0 0 0 0 0
3573 1014 1065 0 0 0 0 0 0 0 0
3573 1065 1014 0 0 0 0 0 0 0 0
3770 1448 1065 0 0 0 0 0 0 0 0
3770 1065 1448 0 0 0 0 0 0 0 0
3571 1065 1399 0 0 0 0 0 0 0 0
3571 1399 1065 0 0 0 0 0 0 0 0
3568 61 1399 0 85 262 127 1817 7 496 535
3568 1399 61 0 85 262 128 1814 7 498 543



Link No. From Node To Node International Bus Domestic Bus Cars, commuting Cars, business Cars, leisure Cars, international Light trucks Trucks

3340 47 1358 26 256 218 417 3462 1648 954 1098
3340 1358 47 26 256 217 429 3457 1651 633 1047
3339 1358 1040 26 252 213 412 3390 1648 954 1098
3339 1040 1358 26 252 212 424 3384 1650 633 1046
2771 1040 1043 6 186 2171 263 3467 1629 1288 1036
2771 1043 1040 6 185 2159 288 3455 1628 964 992
2773 1043 1044 6 200 1947 278 4633 1697 1454 1388
2773 1044 1043 6 199 1938 302 4624 1695 1116 1307
2774 1044 1041 6 152 114 104 3614 1634 870 1140
2774 1041 1044 6 151 114 110 3612 1633 732 947
2768 1041 1013 4 162 124 122 3714 1511 1484 1802
2768 1013 1041 4 161 124 127 3712 1510 1146 1641
2689 1013 1014 10 117 164 261 1603 1774 1479 1893
2689 1014 1013 10 117 164 264 1602 1773 1140 1714
2688 1014 61 10 106 175 267 2193 1774 1516 1803
2688 61 1014 10 106 175 270 2192 1773 1183 1620
2693 61 897 9 0 0 0 18 1767 692 987
2693 897 61 9 0 0 0 18 1766 354 791
3341 1358 48 0 4 8 6 74 0 0 1
3341 48 1358 0 4 8 6 74 0 0 2
608 48 44 0 8 409 88 187 304 28 510
608 44 48 0 8 406 95 186 302 62 381

2770 44 1042 0 2 165 1 1 0 7 696
2770 1042 44 0 2 164 2 1 0 10 595
2769 1042 37 0 0 0 0 0 0 0 463
2769 37 1042 0 0 0 0 0 0 0 434
602 37 42 0 93 1554 167 1195 62 603 716
602 42 37 0 93 1547 185 1189 62 394 803
598 42 46 0 48 56 3 278 0 82 173
598 46 42 0 48 57 3 279 0 82 181
594 46 51 0 0 0 0 0 0 0 0
594 51 46 0 0 0 0 0 0 0 0

3768 51 1448 0 44 27 3 11 0 22 126
3768 1448 51 0 44 27 3 11 0 20 127
3769 1448 61 0 90 70 5 299 0 48 141
3769 61 1448 0 90 70 5 299 0 47 141
588 61 71 0 0 0 38 1367 0 0 0
588 71 61 0 0 0 38 1367 0 0 0
584 71 897 0 0 0 1 2 30 27 9

2762 44 1040 0 173 1858 117 609 315 375 106
2762 1040 44 0 173 1851 126 608 313 342 89
2776 1042 1043 0 6 75 4 20 0 5 224
2776 1043 1042 0 6 76 4 20 0 5 153
2777 37 1044 0 86 1845 195 1232 62 403 551
2777 1044 37 0 86 1854 177 1238 62 603 439
2765 42 1041 0 10 10 18 100 11 823 757
2765 1041 42 0 10 10 17 100 11 614 743
2691 46 1013 6 91 260 192 2549 398 288 193
2691 1013 46 6 92 261 191 2550 398 287 175
2692 51 1014 0 45 178 17 651 0 179 94
2692 1014 51 0 45 178 17 651 0 185 90
3573 1014 1065 0 0 0 0 0 0 0 0
3573 1065 1014 0 0 0 0 0 0 0 0
3770 1448 1065 0 0 0 0 0 0 0 0
3770 1065 1448 0 0 0 0 0 0 0 0
3571 1065 1399 0 0 0 0 0 0 0 0
3571 1399 1065 0 0 0 0 0 0 0 0
3568 61 1399 0 85 262 129 1825 6 496 536
3568 1399 61 0 85 262 131 1823 6 498 543

2045 - Brown, Brown Dotted, Long Dual, SPEA Green, SPEA Red, Long Single Tunnel (bidi), NSI 6 tunnels, NSI 11 km Tunnel, NSI 13 km Tunnel, 
Dual Carriageway



Link No. From Node To Node International Bus Domestic Bus Cars, commuting Cars, business Cars, leisure Cars, international Light trucks Trucks

3340 47 1358 24 256 218 412 3740 1661 883 1074
3340 1358 47 24 256 217 424 3733 1664 572 1032
3339 1358 1040 24 252 213 408 3667 1661 883 1073
3339 1040 1358 24 252 212 420 3661 1664 572 1031
2771 1040 1043 4 180 2171 257 3282 1601 1217 1011
2771 1043 1040 4 179 2159 283 3270 1599 904 976
2773 1043 1044 4 194 1947 271 3984 1624 1384 95
2773 1044 1043 4 193 1938 296 3974 1623 1056 53
2774 1044 1041 4 166 530 89 1345 641 1364 95
2774 1041 1044 4 165 527 97 1341 641 1032 53
2768 1041 1013 0 0 0 0 0 0 0 0
2768 1013 1041 0 0 0 0 0 0 0 0
2689 1013 1014 0 0 0 0 0 0 0 0
2689 1014 1013 0 0 0 0 0 0 0 0
2688 1014 61 0 0 0 0 0 0 0 0
2688 61 1014 0 0 0 0 0 0 0 0
2693 61 897 2 0 0 1 19 1745 621 948
2693 897 61 2 0 0 1 19 1744 294 768
3341 1358 48 0 4 8 6 74 0 0 1
3341 48 1358 0 4 8 6 74 0 0 2
608 48 44 0 8 409 88 187 304 28 437
608 44 48 0 8 406 95 185 302 62 310

2770 44 1042 0 7 165 1 1 0 7 624
2770 1042 44 0 7 164 2 1 0 10 525
2769 1042 37 0 6 0 0 0 0 0 1659
2769 37 1042 0 6 0 0 0 0 0 1602
602 37 42 0 78 1138 176 2815 983 38 1664
602 42 37 0 78 1133 191 2810 983 33 1610
598 42 46 3 210 180 118 3343 1437 1495 1877
598 46 42 3 209 180 123 3340 1436 1167 1734
594 46 51 2 117 164 256 1414 1749 1409 1854
594 51 46 2 117 164 260 1413 1749 1080 1690

3768 51 1448 2 150 201 264 2016 1749 1468 1890
3768 1448 51 2 150 201 268 2014 1749 1143 1723
3769 1448 61 2 196 245 267 2311 1749 1494 1905
3769 61 1448 2 196 245 270 2309 1749 1170 1737
588 61 71 0 0 0 40 1547 0 0 0
588 71 61 0 0 0 40 1546 0 0 0
584 71 897 0 0 0 1 2 38 27 9

2762 44 1040 0 167 1858 117 608 315 375 106
2762 1040 44 0 167 1851 126 608 313 342 89
2776 1042 1043 0 6 75 4 20 0 5 1151
2776 1043 1042 0 6 76 4 20 0 5 1111
2777 37 1044 0 28 1411 199 2633 983 23 0
2777 1044 37 0 28 1417 182 2639 983 20 0
2765 42 1041 3 165 527 97 1341 510 1022 6
2765 1041 42 3 166 530 89 1345 511 1346 2
2691 46 1013 0 0 0 0 0 0 0 0
2691 1013 46 0 0 0 0 0 0 0 0
2692 51 1014 0 0 0 0 0 0 0 0
2692 1014 51 0 0 0 0 0 0 0 0
3573 1014 1065 0 0 0 0 0 0 0 0
3573 1065 1014 0 0 0 0 0 0 0 0
3770 1448 1065 0 0 0 0 0 0 0 0
3770 1065 1448 0 0 0 0 0 0 0 0
3571 1065 1399 0 0 0 0 0 0 0 0
3571 1399 1065 0 0 0 0 0 0 0 0
3568 61 1399 0 85 262 127 1817 7 496 535
3568 1399 61 0 85 262 128 1814 7 498 543

2045 - Do Minimum



Link No. From Node To Node International Bus Domestic Bus Cars, commuting Cars, business Cars, leisure Cars, international Light trucks Trucks

3340 47 1358 26 256 218 414 3333 1636 894 1089
3340 1358 47 26 256 217 426 3328 1639 581 1041
3339 1358 1040 26 252 213 409 3261 1636 894 1088
3339 1040 1358 26 252 212 421 3255 1639 581 1040
2771 1040 1043 6 186 2171 260 3338 1618 1227 1026
2771 1043 1040 6 185 2159 285 3326 1617 913 986
2773 1043 1044 6 200 1947 275 4504 1684 1394 1340
2773 1044 1043 6 199 1938 300 4495 1683 1065 1212
2774 1044 1041 6 152 114 101 3485 1621 809 1068
2774 1041 1044 6 151 114 107 3482 1620 680 885
2768 1041 1013 4 158 114 119 3583 1497 1395 1692
2768 1013 1041 4 157 114 124 3581 1497 1066 1541
2689 1013 1014 4 75 0 89 1229 1429 1203 1638
2689 1014 1013 4 74 0 93 1227 1429 892 1476
2688 1014 61 4 106 175 264 2012 1760 1456 1638
2688 61 1014 4 106 175 267 2011 1759 1132 1476
2693 61 897 4 0 0 1 19 1755 631 948
2693 897 61 4 0 0 1 19 1754 303 768
3341 1358 48 0 4 8 6 74 0 0 1
3341 48 1358 0 4 8 6 74 0 0 2
608 48 44 0 8 409 88 187 304 27 487
608 44 48 0 8 406 95 186 302 62 367

2770 44 1042 0 2 165 1 1 0 7 673
2770 1042 44 0 2 164 2 1 0 10 582
2769 1042 37 0 0 0 0 0 0 0 478
2769 37 1042 0 0 0 0 0 0 0 509
602 37 42 0 93 1554 167 1195 63 603 755
602 42 37 0 93 1547 185 1189 63 394 845
598 42 46 0 52 66 3 280 0 110 249
598 46 42 0 52 66 3 281 0 110 260
594 46 51 0 43 164 169 190 330 215 215
594 51 46 0 42 164 168 190 330 197 214

3768 51 1448 0 44 27 2 8 0 22 251
3768 1448 51 0 44 27 2 8 0 20 247
3769 1448 61 0 90 70 5 303 0 48 266
3769 61 1448 0 90 70 5 303 0 47 261
588 61 71 0 0 0 39 1547 0 0 0
588 71 61 0 0 0 39 1546 0 0 0
584 71 897 0 0 0 1 2 35 27 9

2762 44 1040 0 173 1858 117 609 315 373 106
2762 1040 44 0 173 1851 126 608 313 342 89
2776 1042 1043 0 6 75 4 20 0 5 186
2776 1043 1042 0 6 76 4 20 0 5 65
2777 37 1044 0 86 1845 195 1232 63 403 526
2777 1044 37 0 86 1854 177 1238 63 603 471
2765 42 1041 0 6 0 18 98 10 795 719
2765 1041 42 0 6 0 17 98 10 586 705
2691 46 1013 0 83 114 31 2353 68 174 66
2691 1013 46 0 83 114 30 2355 68 192 54
2692 51 1014 0 32 175 175 783 330 252 0
2692 1014 51 0 32 175 174 784 330 240 0
3573 1014 1065 0 0 0 0 0 0 0 0
3573 1065 1014 0 0 0 0 0 0 0 0
3770 1448 1065 0 0 0 0 0 0 0 0
3770 1065 1448 0 0 0 0 0 0 0 0
3571 1065 1399 0 0 0 0 0 0 0 0
3571 1399 1065 0 0 0 0 0 0 0 0
3568 61 1399 0 85 262 128 1821 7 496 535
3568 1399 61 0 85 262 130 1818 7 498 543

2045 - ECO A 



Link No. From Node To Node International Bus Domestic Bus Cars, commuting Cars, business Cars, leisure Cars, international Light trucks Trucks

3340 47 1358 26 256 218 413 3329 1636 886 1083
3340 1358 47 26 256 217 425 3324 1639 573 1037
3339 1358 1040 26 252 213 408 3256 1636 886 1082
3339 1040 1358 26 252 212 420 3251 1639 573 1037
2771 1040 1043 6 186 2171 259 3334 1618 1218 1020
2771 1043 1040 6 185 2159 284 3321 1617 904 982
2773 1043 1044 6 200 1947 274 4500 1684 1385 1332
2773 1044 1043 6 199 1938 298 4491 1683 1056 1206
2774 1044 1041 6 152 114 100 3481 1621 801 1059
2774 1041 1044 6 151 114 106 3478 1620 672 877
2768 1041 1013 4 158 114 118 3579 1497 1386 965
2768 1013 1041 4 157 114 123 3576 1497 1058 829
2689 1013 1014 4 75 0 88 1225 1429 1195 911
2689 1014 1013 4 74 0 92 1223 1428 884 763
2688 1014 61 4 106 175 263 2008 1760 1447 911
2688 61 1014 4 106 175 266 2007 1759 1124 763
2693 61 897 4 0 0 1 19 1755 623 938
2693 897 61 4 0 0 1 19 1754 294 762
3341 1358 48 0 4 8 6 74 0 0 1
3341 48 1358 0 4 8 6 74 0 0 2
608 48 44 0 8 409 88 187 304 27 483
608 44 48 0 8 406 95 186 302 62 363

2770 44 1042 0 2 165 1 1 0 7 669
2770 1042 44 0 2 164 2 1 0 10 578
2769 1042 37 0 0 0 0 0 0 0 477
2769 37 1042 0 0 0 0 0 0 0 508
602 37 42 0 93 1554 167 1195 63 603 755
602 42 37 0 93 1547 185 1189 63 394 845
598 42 46 0 52 66 3 280 0 110 966
598 46 42 0 52 66 3 281 0 110 964
594 46 51 0 43 164 169 190 330 215 932
594 51 46 0 42 164 168 190 330 197 919

3768 51 1448 0 44 27 2 8 0 22 968
3768 1448 51 0 44 27 2 8 0 20 952
3769 1448 61 0 90 70 5 303 0 48 984
3769 61 1448 0 90 70 5 303 0 47 966
588 61 71 0 0 0 40 1547 0 0 0
588 71 61 0 0 0 39 1546 0 0 0
584 71 897 0 0 0 1 2 35 27 11

2762 44 1040 0 173 1858 117 609 315 373 106
2762 1040 44 0 173 1851 126 608 313 342 89
2776 1042 1043 0 6 75 4 20 0 5 183
2776 1043 1042 0 6 76 4 20 0 5 62
2777 37 1044 0 86 1845 195 1232 63 403 525
2777 1044 37 0 86 1854 177 1238 63 603 470
2765 42 1041 0 6 0 18 98 10 795 2
2765 1041 42 0 6 0 17 98 10 586 1
2691 46 1013 0 83 114 31 2353 68 174 66
2691 1013 46 0 83 114 30 2355 68 192 54
2692 51 1014 0 32 175 175 783 330 252 0
2692 1014 51 0 32 175 174 784 330 240 0
3573 1014 1065 0 0 0 0 0 0 0 0
3573 1065 1014 0 0 0 0 0 0 0 0
3770 1448 1065 0 0 0 0 0 0 0 0
3770 1065 1448 0 0 0 0 0 0 0 0
3571 1065 1399 0 0 0 0 0 0 0 0
3571 1399 1065 0 0 0 0 0 0 0 0
3568 61 1399 0 85 262 127 1817 7 496 535
3568 1399 61 0 85 262 128 1814 7 498 541

2045 - ECO B



Link No. From Node To Node International Bus Domestic Bus Cars, commuting Cars, business Cars, leisure Cars, international Light trucks Trucks

3340 47 1358 26 256 218 416 3458 1641 946 1096
3340 1358 47 26 256 217 428 3453 1644 631 1046
3339 1358 1040 26 252 213 412 3385 1641 946 1095
3339 1040 1358 26 252 212 423 3380 1644 631 1045
2771 1040 1043 6 186 2171 262 3463 1623 1280 1033
2771 1043 1040 6 185 2159 287 3451 1622 963 990
2773 1043 1044 6 200 1947 278 4629 1690 1447 1385
2773 1044 1043 6 199 1938 302 4620 1689 1115 1305
2774 1044 1041 6 152 114 104 3610 1628 862 1137
2774 1041 1044 6 151 114 109 3607 1627 730 945
2768 1041 1013 4 162 124 121 3710 1505 1477 1799
2768 1013 1041 4 161 124 126 3708 1504 1144 1639
2689 1013 1014 10 109 94 259 1597 1767 1465 1884
2689 1014 1013 10 108 94 262 1596 1766 1132 1706
2688 1014 61 10 106 175 266 2190 1767 1509 1800
2688 61 1014 10 106 175 269 2189 1766 1182 1617
2693 61 897 9 0 0 1 19 1761 684 984
2693 897 61 9 0 0 1 19 1760 352 789
3341 1358 48 0 4 8 6 74 0 0 1
3341 48 1358 0 4 8 6 74 0 0 2
608 48 44 0 8 409 88 187 304 28 510
608 44 48 0 8 406 95 186 302 62 380

2770 44 1042 0 2 165 1 1 0 7 696
2770 1042 44 0 2 164 2 1 0 10 595
2769 1042 37 0 0 0 0 0 0 0 463
2769 37 1042 0 0 0 0 0 0 0 434
602 37 42 0 93 1554 167 1195 62 603 716
602 42 37 0 93 1547 185 1189 62 394 803
598 42 46 0 48 56 3 278 0 82 173
598 46 42 0 48 57 3 279 0 82 181
594 46 51 0 9 70 2 1 0 6 6
594 51 46 0 9 70 2 1 0 6 6

3768 51 1448 0 44 27 2 10 0 22 126
3768 1448 51 0 44 27 3 10 0 20 127
3769 1448 61 0 90 70 5 301 0 48 141
3769 61 1448 0 90 70 5 301 0 47 141
588 61 71 0 0 0 38 1368 0 0 0
588 71 61 0 0 0 38 1368 0 0 0
584 71 897 0 0 0 1 2 35 27 9

2762 44 1040 0 173 1858 117 609 315 375 106
2762 1040 44 0 173 1851 126 608 313 342 89
2776 1042 1043 0 6 75 4 20 0 5 223
2776 1043 1042 0 6 76 4 20 0 5 153
2777 37 1044 0 86 1845 195 1232 62 403 551
2777 1044 37 0 86 1854 177 1238 62 603 439
2765 42 1041 0 10 10 18 100 11 823 757
2765 1041 42 0 10 10 17 100 11 614 743
2691 46 1013 6 83 190 191 2547 398 281 187
2691 1013 46 6 83 191 189 2549 398 281 169
2692 51 1014 0 36 108 15 648 0 173 89
2692 1014 51 0 36 108 15 649 0 179 84
3573 1014 1065 0 0 0 0 0 0 0 0
3573 1065 1014 0 0 0 0 0 0 0 0
3770 1448 1065 0 0 0 0 0 0 0 0
3770 1065 1448 0 0 0 0 0 0 0 0
3571 1065 1399 0 0 0 0 0 0 0 0
3571 1399 1065 0 0 0 0 0 0 0 0
3568 61 1399 0 85 262 129 1822 6 496 536
3568 1399 61 0 85 262 130 1820 6 498 543

2045 - Long Single Tunnel (unidirectional)



Link No. From Node To Node International Bus Domestic Bus Cars, commuting Cars, business Cars, leisure Cars, international Light trucks Trucks

3340 47 1358 26 256 218 416 3458 1641 946 1096
3340 1358 47 26 256 217 428 3453 1644 631 1046
3339 1358 1040 26 252 213 412 3385 1641 946 1095
3339 1040 1358 26 252 212 423 3380 1644 631 1045
2771 1040 1043 6 186 2171 262 3463 1623 1280 1033
2771 1043 1040 6 185 2159 287 3451 1622 963 990
2773 1043 1044 6 200 1947 278 4629 1690 1447 1385
2773 1044 1043 6 199 1938 302 4620 1689 1115 1305
2774 1044 1041 6 152 114 104 3610 1628 862 1137
2774 1041 1044 6 151 114 109 3607 1627 730 945
2768 1041 1013 4 162 124 121 3710 1505 1477 1799
2768 1013 1041 4 161 124 126 3708 1504 1144 1639
2689 1013 1014 10 109 94 259 1597 1767 1465 1884
2689 1014 1013 10 108 94 262 1596 1766 1132 1706
2688 1014 61 10 106 175 266 2190 1767 1509 1800
2688 61 1014 10 106 175 269 2189 1766 1182 1617
2693 61 897 9 0 0 1 19 1761 684 984
2693 897 61 9 0 0 1 19 1760 352 789
3341 1358 48 0 4 8 6 74 0 0 1
3341 48 1358 0 4 8 6 74 0 0 2
608 48 44 0 8 409 88 187 304 28 510
608 44 48 0 8 406 95 186 302 62 380

2770 44 1042 0 2 165 1 1 0 7 696
2770 1042 44 0 2 164 2 1 0 10 595
2769 1042 37 0 0 0 0 0 0 0 463
2769 37 1042 0 0 0 0 0 0 0 434
602 37 42 0 93 1554 167 1195 62 603 716
602 42 37 0 93 1547 185 1189 62 394 803
598 42 46 0 48 56 3 278 0 82 173
598 46 42 0 48 57 3 279 0 82 181
594 46 51 0 9 70 2 1 0 6 6
594 51 46 0 9 70 2 1 0 6 6

3768 51 1448 0 44 27 2 10 0 22 126
3768 1448 51 0 44 27 3 10 0 20 127
3769 1448 61 0 90 70 5 301 0 48 141
3769 61 1448 0 90 70 5 301 0 47 141
588 61 71 0 0 0 38 1368 0 0 0
588 71 61 0 0 0 38 1368 0 0 0
584 71 897 0 0 0 1 2 35 27 9

2762 44 1040 0 173 1858 117 609 315 375 106
2762 1040 44 0 173 1851 126 608 313 342 89
2776 1042 1043 0 6 75 4 20 0 5 223
2776 1043 1042 0 6 76 4 20 0 5 153
2777 37 1044 0 86 1845 195 1232 62 403 551
2777 1044 37 0 86 1854 177 1238 62 603 439
2765 42 1041 0 10 10 18 100 11 823 757
2765 1041 42 0 10 10 17 100 11 614 743
2691 46 1013 6 83 190 191 2547 398 281 187
2691 1013 46 6 83 191 189 2549 398 281 169
2692 51 1014 0 36 108 15 648 0 173 89
2692 1014 51 0 36 108 15 649 0 179 84
3573 1014 1065 0 0 0 0 0 0 0 0
3573 1065 1014 0 0 0 0 0 0 0 0
3770 1448 1065 0 0 0 0 0 0 0 0
3770 1065 1448 0 0 0 0 0 0 0 0
3571 1065 1399 0 0 0 0 0 0 0 0
3571 1399 1065 0 0 0 0 0 0 0 0
3568 61 1399 0 85 262 129 1822 6 496 536
3568 1399 61 0 85 262 130 1820 6 498 543

2045 - Staged Dual Carriageway



 

 

Appendix 4 Cost-Benefit Analyses  

 



Main assumptions for the Lot 3.2 alternative Do minimum

Construction costs of Lot 3 353,387,834

Lot 3.1 72,045,674

Lot 3.3 119,705,195

Tunnel Zheleznica 127,822,970

Lot 3.2 33,813,994

Supervision costs of Lot 3 10,394,811

Lot 3.1 3,374,526

Lot 3.3 1,839,477

Tunnel Zheleznica 4,294,852

Lot 3.2 885,956

Total length "with project" (in km) 133.1

Lot 3.1 16.0

Lot 3.2 23.6

Lot 3.3 28.0

Total length "without project" (in km) 137.4

Lot 3.1 16.3

Lot 3.2 23.8

Lot 3.3 28.7

Total length of tunnels for Lot 3.2 0.4

Short Tunnels 0.4

Medium Tunnels 0.0

Long Tunnels 0.0

First year of the project 2014

Construction period 2014-2022

Forecast period 30

Final year of the project 2052

Social discount rate 5%



Results for the Lot 3.2 alternative Do minimum

Economic indicators

ENPV 224,140,669

EIRR 7.19%

B/C ratio 1.37

Financial indicators

FNPV/C -920,185,680

FIRR/C -5.22%

FNPV/K -243,523,649

FIRR/K -2.57%

Structure of the benefits

Value of Time 67.24%

Vehicle Operating Costs 0.16%

Value of Accidents 8.21%

Air pollution 8.12%

Climate changes 6.31%

Noise 9.98%

Expected Travel time savings until 2052

Passenger hours savings for cars 923,595,294

Passenger hours savings for buses 298,338,774

Expected Accidents savings until 2052

Reduction of fatal accidents 123

Reduction of accidents with injuries 691



Main assumptions for the Lot 3.2 alternative KrasiBo - Brown

Construction costs of Lot 3 500,561,228

Lot 3.1 72,045,674

Lot 3.3 119,705,195

Tunnel Zheleznica 127,822,970

Lot 3.2 180,987,388

Supervision costs of Lot 3 14,250,883

Lot 3.1 3,374,526

Lot 3.3 1,839,477

Tunnel Zheleznica 4,294,852

Lot 3.2 4,742,028

Total length "with project" (in km) 133.1

Lot 3.1 16.0

Lot 3.2 21.0

Lot 3.3 28.0

Total length "without project" (in km) 137.4

Lot 3.1 16.3

Lot 3.2 23.8

Lot 3.3 28.7

Total length of tunnels for Lot 3.2 2.0

Short Tunnels 2.0

Medium Tunnels 0.0

Long Tunnels 0.0

First year of the project 2014

Construction period 2014-2022

Forecast period 30

Final year of the project 2052

Social discount rate 5%



Results for the Lot 3.2 alternative KrasiBo - Brown

Economic indicators

ENPV 130,889,696

EIRR 6.16%

B/C ratio 1.18

Financial indicators

FNPV/C -928,897,724

FIRR/C -4.97%

FNPV/K -252,235,693

FIRR/K -2.41%

Structure of the benefits

Value of Time 65.78%

Vehicle Operating Costs 0.15%

Value of Accidents 10.19%

Air pollution 7.94%

Climate changes 6.17%

Noise 9.76%

Expected Travel time savings until 2052

Passenger hours savings for cars 923,595,294

Passenger hours savings for buses 298,338,774

Expected Accidents savings until 2052

Reduction of fatal accidents 157

Reduction of accidents with injuries 881



Main assumptions for the Lot 3.2 alternative KrasiBo - Brown Dotted

Construction costs of Lot 3 530,032,430

Lot 3.1 72,045,674

Lot 3.3 119,705,195

Tunnel Zheleznica 127,822,970

Lot 3.2 210,458,590

Supervision costs of Lot 3 15,023,054

Lot 3.1 3,374,526

Lot 3.3 1,839,477

Tunnel Zheleznica 4,294,852

Lot 3.2 5,514,199

Total length "with project" (in km) 133.1

Lot 3.1 16.0

Lot 3.2 20.3

Lot 3.3 28.0

Total length "without project" (in km) 137.4

Lot 3.1 16.3

Lot 3.2 23.8

Lot 3.3 28.7

Total length of tunnels for Lot 3.2 2.7

Short Tunnels 2.7

Medium Tunnels 0.0

Long Tunnels 0.0

First year of the project 2014

Construction period 2014-2022

Forecast period 30

Final year of the project 2052

Social discount rate 5%



Results for the Lot 3.2 alternative KrasiBo - Brown Dotted

Economic indicators

ENPV 110,845,506

EIRR 5.96%

B/C ratio 1.15

Financial indicators

FNPV/C -927,521,762

FIRR/C -4.85%

FNPV/K -250,859,731

FIRR/K -2.27%

Structure of the benefits

Value of Time 65.78%

Vehicle Operating Costs 0.15%

Value of Accidents 10.19%

Air pollution 7.94%

Climate changes 6.17%

Noise 9.76%

Expected Travel time savings until 2052

Passenger hours savings for cars 923,595,294

Passenger hours savings for buses 298,338,774

Expected Accidents savings until 2052

Reduction of fatal accidents 157

Reduction of accidents with injuries 881



Main assumptions for the Lot 3.2 alternative NSI Blue - 11km Tunnel

Construction costs of Lot 3 988,664,755

Lot 3.1 72,045,674

Lot 3.3 119,705,195

Tunnel Zheleznica 127,822,970

Lot 3.2 669,090,916

Supervision costs of Lot 3 27,039,621

Lot 3.1 3,374,526

Lot 3.3 1,839,477

Tunnel Zheleznica 4,294,852

Lot 3.2 17,530,766

Total length "with project" (in km) 133.1

Lot 3.1 16.0

Lot 3.2 21.1

Lot 3.3 28.0

Total length "without project" (in km) 137.4

Lot 3.1 16.3

Lot 3.2 23.8

Lot 3.3 28.7

Total length of tunnels for Lot 3.2 14.0

Short Tunnels 0.7

Medium Tunnels 2.1

Long Tunnels 11.3

First year of the project 2014

Construction period 2014-2022

Forecast period 30

Final year of the project 2052

Social discount rate 5%



Results for the Lot 3.2 alternative NSI Blue - 11km Tunnel

Economic indicators

ENPV -208,400,737

EIRR 3.62%

B/C ratio 0.81

Financial indicators

FNPV/C -916,983,905

FIRR/C -3.64%

FNPV/K -240,321,874

FIRR/K -0.93%

Structure of the benefits

Value of Time 65.78%

Vehicle Operating Costs 0.15%

Value of Accidents 10.19%

Air pollution 7.94%

Climate changes 6.17%

Noise 9.76%

Expected Travel time savings until 2052

Passenger hours savings for cars 923,595,294

Passenger hours savings for buses 298,338,774

Expected Accidents savings until 2052

Reduction of fatal accidents 157

Reduction of accidents with injuries 881



Main assumptions for the Lot 3.2 alternative NSI – 6 Tunnels

Construction costs of Lot 3 998,609,542

Lot 3.1 72,045,674

Lot 3.3 119,705,195

Tunnel Zheleznica 127,822,970

Lot 3.2 679,035,702

Supervision costs of Lot 3 27,300,183

Lot 3.1 3,374,526

Lot 3.3 1,839,477

Tunnel Zheleznica 4,294,852

Lot 3.2 17,791,328

Total length "with project" (in km) 133.1

Lot 3.1 16.0

Lot 3.2 20.8

Lot 3.3 28.0

Total length "without project" (in km) 137.4

Lot 3.1 16.3

Lot 3.2 23.8

Lot 3.3 28.7

Total length of tunnels for Lot 3.2 14.9

Short Tunnels 0.0

Medium Tunnels 10.5

Long Tunnels 4.5

First year of the project 2014

Construction period 2014-2022

Forecast period 30

Final year of the project 2052

Social discount rate 5%



Results for the Lot 3.2 alternative NSI – 6 Tunnels

Economic indicators

ENPV -215,987,329

EIRR 3.58%

B/C ratio 0.80

Financial indicators

FNPV/C -917,665,456

FIRR/C -3.62%

FNPV/K -241,003,425

FIRR/K -0.92%

Structure of the benefits

Value of Time 65.78%

Vehicle Operating Costs 0.15%

Value of Accidents 10.19%

Air pollution 7.94%

Climate changes 6.17%

Noise 9.76%

Expected Travel time savings until 2052

Passenger hours savings for cars 923,595,294

Passenger hours savings for buses 298,338,774

Expected Accidents savings until 2052

Reduction of fatal accidents 157

Reduction of accidents with injuries 881



Main assumptions for the Lot 3.2 alternative SPEA - Red

Construction costs of Lot 3 633,211,887

Lot 3.1 72,045,674

Lot 3.3 119,705,195

Tunnel Zheleznica 127,822,970

Lot 3.2 313,638,047

Supervision costs of Lot 3 17,726,446

Lot 3.1 3,374,526

Lot 3.3 1,839,477

Tunnel Zheleznica 4,294,852

Lot 3.2 8,217,591

Total length "with project" (in km) 133.1

Lot 3.1 16.0

Lot 3.2 21.2

Lot 3.3 28.0

Total length "without project" (in km) 137.4

Lot 3.1 16.3

Lot 3.2 23.8

Lot 3.3 28.7

Total length of tunnels for Lot 3.2 2.9

Short Tunnels 2.9

Medium Tunnels 0.0

Long Tunnels 0.0

First year of the project 2014

Construction period 2014-2022

Forecast period 30

Final year of the project 2052

Social discount rate 5%



Results for the Lot 3.2 alternative SPEA - Red

Economic indicators

ENPV 41,819,046

EIRR 5.34%

B/C ratio 1.05

Financial indicators

FNPV/C -921,275,805

FIRR/C -4.49%

FNPV/K -244,613,774

FIRR/K -1.83%

Structure of the benefits

Value of Time 65.78%

Vehicle Operating Costs 0.15%

Value of Accidents 10.19%

Air pollution 7.94%

Climate changes 6.17%

Noise 9.76%

Expected Travel time savings until 2052

Passenger hours savings for cars 923,595,294

Passenger hours savings for buses 298,338,774

Expected Accidents savings until 2052

Reduction of fatal accidents 157

Reduction of accidents with injuries 881



Main assumptions for the Lot 3.2 alternative SPEA - Green

Construction costs of Lot 3 856,978,185

Lot 3.1 72,045,674

Lot 3.3 119,705,195

Tunnel Zheleznica 127,822,970

Lot 3.2 537,404,345

Supervision costs of Lot 3 23,589,318

Lot 3.1 3,374,526

Lot 3.3 1,839,477

Tunnel Zheleznica 4,294,852

Lot 3.2 14,080,463

Total length "with project" (in km) 133.1

Lot 3.1 16.0

Lot 3.2 21.1

Lot 3.3 28.0

Total length "without project" (in km) 137.4

Lot 3.1 16.3

Lot 3.2 23.8

Lot 3.3 28.7

Total length of tunnels for Lot 3.2 10.7

Short Tunnels 1.1

Medium Tunnels 6.3

Long Tunnels 3.3

First year of the project 2014

Construction period 2014-2022

Forecast period 30

Final year of the project 2052

Social discount rate 5%



Results for the Lot 3.2 alternative SPEA - Green

Economic indicators

ENPV -116,701,765

EIRR 4.17%

B/C ratio 0.88

Financial indicators

FNPV/C -919,979,926

FIRR/C -3.94%

FNPV/K -243,317,895

FIRR/K -1.25%

Structure of the benefits

Value of Time 65.78%

Vehicle Operating Costs 0.15%

Value of Accidents 10.19%

Air pollution 7.94%

Climate changes 6.17%

Noise 9.76%

Expected Travel time savings until 2052

Passenger hours savings for cars 923,595,294

Passenger hours savings for buses 298,338,774

Expected Accidents savings until 2052

Reduction of fatal accidents 157

Reduction of accidents with injuries 881



Main assumptions for the Lot 3.2 alternative Eco A Eastern

Construction costs of Lot 3 1,001,827,055

Lot 3.1 72,045,674

Lot 3.3 119,705,195

Tunnel Zheleznica 127,822,970

Lot 3.2 682,253,215

Supervision costs of Lot 3 27,384,485

Lot 3.1 3,374,526

Lot 3.3 1,839,477

Tunnel Zheleznica 4,294,852

Lot 3.2 17,875,630

Total length "with project" (in km) 133.1

Lot 3.1 16.0

Lot 3.2 28.7

Lot 3.3 28.0

Total length "without project" (in km) 137.4

Lot 3.1 16.3

Lot 3.2 23.8

Lot 3.3 28.7

Total length of tunnels for Lot 3.2 12.9

Short Tunnels 0.5

Medium Tunnels 12.4

Long Tunnels 0.0

First year of the project 2014

Construction period 2014-2022

Forecast period 30

Final year of the project 2052

Social discount rate 5%



Results for the Lot 3.2 alternative Eco A Eastern

Economic indicators

ENPV -221,283,419

EIRR 3.54%

B/C ratio 0.80

Financial indicators

FNPV/C -922,385,664

FIRR/C -3.71%

FNPV/K -245,723,633

FIRR/K -1.05%

Structure of the benefits

Value of Time 65.78%

Vehicle Operating Costs 0.15%

Value of Accidents 10.19%

Air pollution 7.94%

Climate changes 6.17%

Noise 9.76%

Expected Travel time savings until 2052

Passenger hours savings for cars 923,595,294

Passenger hours savings for buses 298,338,774

Expected Accidents savings until 2052

Reduction of fatal accidents 157

Reduction of accidents with injuries 881



Main assumptions for the Lot 3.2 alternative Eco B Eastern

Construction costs of Lot 3 1,312,407,359

Lot 3.1 72,045,674

Lot 3.3 119,705,195

Tunnel Zheleznica 127,822,970

Lot 3.2 992,833,519

Supervision costs of Lot 3 35,937,431

Lot 3.1 3,374,526

Lot 3.3 1,839,477

Tunnel Zheleznica 4,294,852

Lot 3.2 26,428,576

Total length "with project" (in km) 133.1

Lot 3.1 16.0

Lot 3.2 32.6

Lot 3.3 28.0

Total length "without project" (in km) 137.4

Lot 3.1 16.3

Lot 3.2 23.8

Lot 3.3 28.7

Total length of tunnels for Lot 3.2 21.3

Short Tunnels 0.5

Medium Tunnels 9.3

Long Tunnels 11.6

First year of the project 2014

Construction period 2014-2022

Forecast period 30

Final year of the project 2052

Social discount rate 5%



Results for the Lot 3.2 alternative Eco B Eastern

Economic indicators

ENPV -441,453,507

EIRR 2.50%

B/C ratio 0.67

Financial indicators

FNPV/C -920,675,119

FIRR/C -3.17%

FNPV/K -244,013,088

FIRR/K -0.52%

Structure of the benefits

Value of Time 65.78%

Vehicle Operating Costs 0.15%

Value of Accidents 10.19%

Air pollution 7.94%

Climate changes 6.17%

Noise 9.76%

Expected Travel time savings until 2052

Passenger hours savings for cars 923,595,294

Passenger hours savings for buses 298,338,774

Expected Accidents savings until 2052

Reduction of fatal accidents 157

Reduction of accidents with injuries 881



Main assumptions for the Lot 3.2 alternative Long Dual Tunnel

Construction costs of Lot 3 1,032,721,726

Lot 3.1 72,045,674

Lot 3.3 119,705,195

Tunnel Zheleznica 127,822,970

Lot 3.2 713,147,887

Supervision costs of Lot 3 28,492,384

Lot 3.1 3,374,526

Lot 3.3 1,839,477

Tunnel Zheleznica 4,294,852

Lot 3.2 18,983,528

Total length "with project" (in km) 133.1

Lot 3.1 16.0

Lot 3.2 20.4

Lot 3.3 28.0

Total length "without project" (in km) 137.4

Lot 3.1 16.3

Lot 3.2 23.8

Lot 3.3 28.7

Total length of tunnels for Lot 3.2 15.4

Short Tunnels 0.0

Medium Tunnels 0.0

Long Tunnels 15.4

First year of the project 2014

Construction period 2014-2022

Forecast period 30

Final year of the project 2052

Social discount rate 5%



Results for the Lot 3.2 alternative Long Dual Tunnel

Economic indicators

ENPV -238,973,447

EIRR 3.46%

B/C ratio 0.79

Financial indicators

FNPV/C -915,528,718

FIRR/C -3.54%

FNPV/K -238,866,687

FIRR/K -0.82%

Structure of the benefits

Value of Time 65.78%

Vehicle Operating Costs 0.15%

Value of Accidents 10.19%

Air pollution 7.94%

Climate changes 6.17%

Noise 9.76%

Expected Travel time savings until 2052

Passenger hours savings for cars 923,595,294

Passenger hours savings for buses 298,338,774

Expected Accidents savings until 2052

Reduction of fatal accidents 157

Reduction of accidents with injuries 881



Main assumptions for the Lot 3.2 alternative Long Single Tunnel unidirectional 

Construction costs of Lot 3 975,167,924

Lot 3.1 72,045,674

Lot 3.3 119,705,195

Tunnel Zheleznica 127,822,970

Lot 3.2 655,594,085

Supervision costs of Lot 3 26,960,339

Lot 3.1 3,374,526

Lot 3.3 1,839,477

Tunnel Zheleznica 4,294,852

Lot 3.2 17,451,484

Total length "with project" (in km) 133.1

Lot 3.1 16.0

Lot 3.2 20.4

Lot 3.3 28.0

Total length "without project" (in km) 137.4

Lot 3.1 16.3

Lot 3.2 23.8

Lot 3.3 28.7

Total length of tunnels for Lot 3.2 15.4

Short Tunnels 0.0

Medium Tunnels 0.0

Long Tunnels 15.4

First year of the project 2014

Construction period 2014-2022

Forecast period 30

Final year of the project 2052

Social discount rate 5%



Results for the Lot 3.2 alternative Long Single Tunnel unidirectional 

Economic indicators

ENPV -190,201,711

EIRR 3.74%

B/C ratio 0.82

Financial indicators

FNPV/C -904,648,657

FIRR/C -3.54%

FNPV/K -227,986,626

FIRR/K -0.73%

Structure of the benefits

Value of Time 65.78%

Vehicle Operating Costs 0.15%

Value of Accidents 10.19%

Air pollution 7.94%

Climate changes 6.17%

Noise 9.76%

Expected Travel time savings until 2052

Passenger hours savings for cars 923,595,294

Passenger hours savings for buses 298,338,774

Expected Accidents savings until 2052

Reduction of fatal accidents 157

Reduction of accidents with injuries 881



Main assumptions for the Lot 3.2 alternative Long Single Tunnel bidirectional

Construction costs of Lot 3 935,370,302

Lot 3.1 72,045,674

Lot 3.3 119,705,195

Tunnel Zheleznica 127,822,970

Lot 3.2 615,796,462

Supervision costs of Lot 3 25,900,953

Lot 3.1 3,374,526

Lot 3.3 1,839,477

Tunnel Zheleznica 4,294,852

Lot 3.2 16,392,097

Total length "with project" (in km) 133.1

Lot 3.1 16.0

Lot 3.2 20.4

Lot 3.3 28.0

Total length "without project" (in km) 137.4

Lot 3.1 16.3

Lot 3.2 23.8

Lot 3.3 28.7

Total length of tunnels for Lot 3.2 15.4

Short Tunnels 0.0

Medium Tunnels 0.0

Long Tunnels 15.4

First year of the project 2014

Construction period 2014-2022

Forecast period 30

Final year of the project 2052

Social discount rate 5%



Results for the Lot 3.2 alternative Long Single Tunnel bidirectional

Economic indicators

ENPV -163,926,005

EIRR 3.89%

B/C ratio 0.84

Financial indicators

FNPV/C -907,587,968

FIRR/C -3.65%

FNPV/K -230,925,936

FIRR/K -0.85%

Structure of the benefits

Value of Time 65.78%

Vehicle Operating Costs 0.15%

Value of Accidents 10.19%

Air pollution 7.94%

Climate changes 6.17%

Noise 9.76%

Expected Travel time savings until 2052

Passenger hours savings for cars 923,595,294

Passenger hours savings for buses 298,338,774

Expected Accidents savings until 2052

Reduction of fatal accidents 157

Reduction of accidents with injuries 881



Main assumptions for the Lot 3.2 alternative Dual Carriageway

Construction costs of Lot 3 566,023,878

Lot 3.1 72,045,674

Lot 3.3 119,705,195

Tunnel Zheleznica 127,822,970

Lot 3.2 246,450,038

Supervision costs of Lot 3 16,069,193

Lot 3.1 3,374,526

Lot 3.3 1,839,477

Tunnel Zheleznica 4,294,852

Lot 3.2 6,560,338

Total length "with project" (in km) 133.1

Lot 3.1 16.0

Lot 3.2 20.5

Lot 3.3 28.0

Total length "without project" (in km) 137.4

Lot 3.1 16.3

Lot 3.2 23.8

Lot 3.3 28.7

Total length of tunnels for Lot 3.2 1.4

Short Tunnels 1.4

Medium Tunnels 0.0

Long Tunnels 0.0

First year of the project 2014

Construction period 2014-2022

Forecast period 30

Final year of the project 2052

Social discount rate 5%



Results for the Lot 3.2 alternative Dual Carriageway

Economic indicators

ENPV 88,778,989

EIRR 5.75%

B/C ratio 1.12

Financial indicators

FNPV/C -922,419,521

FIRR/C -4.69%

FNPV/K -245,757,490

FIRR/K -2.05%

Structure of the benefits

Value of Time 65.78%

Vehicle Operating Costs 0.15%

Value of Accidents 10.19%

Air pollution 7.94%

Climate changes 6.17%

Noise 9.76%

Expected Travel time savings until 2052

Passenger hours savings for cars 923,595,294

Passenger hours savings for buses 298,338,774

Expected Accidents savings until 2052

Reduction of fatal accidents 157

Reduction of accidents with injuries 881



Main assumptions for the Lot 3.2 alternative Staged Dual Carriageway

Construction costs of Lot 3 549,211,996

Lot 3.1 72,045,674

Lot 3.3 119,705,195

Tunnel Zheleznica 127,822,970

Lot 3.2 229,638,156

Supervision costs of Lot 3 15,621,672

Lot 3.1 3,374,526

Lot 3.3 1,839,477

Tunnel Zheleznica 4,294,852

Lot 3.2 6,112,817

Total length "with project" (in km) 133.1

Lot 3.1 16.0

Lot 3.2 23.8

Lot 3.3 28.0

Total length "without project" (in km) 137.4

Lot 3.1 16.3

Lot 3.2 23.8

Lot 3.3 28.7

Total length of tunnels for Lot 3.2 5.1

Short Tunnels 3.9

Medium Tunnels 1.2

Long Tunnels 0.0

First year of the project 2014

Construction period 2014-2022

Forecast period 30

Final year of the project 2052

Social discount rate 5%



Results for the Lot 3.2 alternative Staged Dual Carriageway

Economic indicators

ENPV 95,722,711

EIRR 5.82%

B/C ratio 1.13

Financial indicators

FNPV/C -929,706,495

FIRR/C -4.85%

FNPV/K -253,044,464

FIRR/K -2.29%

Structure of the benefits

Value of Time 65.78%

Vehicle Operating Costs 0.15%

Value of Accidents 10.19%

Air pollution 7.94%

Climate changes 6.17%

Noise 9.76%

Expected Travel time savings until 2052

Passenger hours savings for cars 923,595,294

Passenger hours savings for buses 298,338,774

Expected Accidents savings until 2052

Reduction of fatal accidents 157

Reduction of accidents with injuries 881



Main assumptions for the Lot 3.2 alternative Western Alternative

Construction costs of Lot 3 854,507,648

Lot 3.1 72,045,674

Lot 3.3 119,705,195

Tunnel Zheleznica 127,822,970

Lot 3.2 534,933,808

Supervision costs of Lot 3 23,524,588

Lot 3.1 3,374,526

Lot 3.3 1,839,477

Tunnel Zheleznica 4,294,852

Lot 3.2 14,015,733

Total length "with project" (in km) 133.1

Lot 3.1 16.0

Lot 3.2 24.2

Lot 3.3 28.0

Total length "without project" (in km) 137.4

Lot 3.1 16.3

Lot 3.2 23.8

Lot 3.3 28.7

Total length of tunnels for Lot 3.2 10.3

Short Tunnels 1.5

Medium Tunnels 0.0

Long Tunnels 8.8

First year of the project 2014

Construction period 2014-2022

Forecast period 30

Final year of the project 2052

Social discount rate 5%



Results for the Lot 3.2 alternative Western Alternative

Economic indicators

ENPV -116,989,879

EIRR 4.17%

B/C ratio 0.88

Financial indicators

FNPV/C -923,055,989

FIRR/C -3.99%

FNPV/K -246,393,958

FIRR/K -1.34%

Structure of the benefits

Value of Time 65.78%

Vehicle Operating Costs 0.15%

Value of Accidents 10.19%

Air pollution 7.94%

Climate changes 6.17%

Noise 9.76%

Expected Travel time savings until 2052

Passenger hours savings for cars 923,595,294

Passenger hours savings for buses 298,338,774

Expected Accidents savings until 2052

Reduction of fatal accidents 157

Reduction of accidents with injuries 881



 

 

Appendix 5 Geometry Severity Scoring 
 

Alternative Do Minimum 
Design Speed: This section of the road is currently having a speed limit of 60 km/h. 

The design speed is also 60 km/h and most curves have 
corresponding radius. The actual average measured speed for the 
Kresna Gorge is 72 km/h. 

Cross section 
configuration 

Two lane single carriageway without any hard shoulders. However, at 
some locations hard shoulders of width varying from 0.25 to 1.0 m are 
available mainly on the hill side. Verges are mainly absent on the hill 
side of the road and some verge is generally available on the valley 
side. 

Horizontal geometry Existing road closely follows the river, and is has some sharp 
horizontal curves. There are also restrictions on the sight distance at 
some locations. 

Vertical geometry Existing road through the gorge has flat acceptable gradients. 
Geometry Severity 
Score 

2 

 

Alternative Krasi-Bo – Brown 
Design Speed: The geometry considered allow a design speed of 100 km/h. 
Cross section 
configuration 

Dual two lane cross section suitable for a motorway. 

Horizontal geometry The minimum curve radius used in this alignment is in the order of 450 
m. 

Vertical geometry Vertical geometry has a maximum gradient of 3.1 %. 
Geometry Severity 
Score 

2 

 

Alternative Krasi-Bo – Brown Dotted 
Design Speed: The geometry considered allow a design speed of 100 km/h. 
Cross section 
configuration 

Dual two lane cross section suitable for a motorway. 

Horizontal geometry The minimum curve radius used in this alignment is in the order of 450 
m. 

Vertical geometry Vertical geometry has a maximum gradient of 4 %. 
Geometry Severity 
Score 

2 

 

Alternative NSI Violet – 13 km Tunnel 
Design Speed: The geometry considered allow a design speed of 120 km/h. 
Cross section 
configuration 

Dual two lane cross section suitable for a motorway. Twin tubes for 
tunnels (without emergency lanes). 

Horizontal geometry The minimum curve radius used in this alignment is 750 m. 
Vertical geometry Vertical geometry has a maximum gradient of 2 %. 

 



 

Geometry Severity 
Score 

1 

 

Alternative NSI Blue – 11 km tunnel 
Design Speed: The geometry considered allow a design speed of 120 km/h. 
Cross section 
configuration 

Dual two lane cross section suitable for a motorway. Twin tubes for 
tunnels (without emergency lanes). 

Horizontal geometry The minimum curve radius used in this alignment is 750 m. 
Vertical geometry Vertical geometry has a maximum gradient of 3 %. 
Geometry Severity 
Score 

1 

 

Alternative NSI Blue – 6 tunnels 
Design Speed: The geometry considered allow a design speed of 120 km/h. 
Cross section 
configuration 

Dual two lane cross section suitable for a motorway. Twin tubes for 
tunnels (without emergency lanes). 

Horizontal geometry The minimum curve radius used in this alignment is 1 200 m. 
Vertical geometry Vertical geometry has a maximum gradient of 4 %. 
Geometry Severity 
Score 

1 

 

Alternative SPEA – Red 
Design Speed: The geometry considered allow a design speed of 100 km/h. 
Cross section 
configuration 

Dual two lane cross section suitable for a motorway. Twin tubes for 
tunnels. 

Horizontal geometry The minimum curve radius used in this alignment is in the order of 250 
m. 

Vertical geometry Vertical geometry has a maximum gradient of 2 %. 
Geometry Severity 
Score 

2 

 

Alternative SPEA – Green 
Design Speed: The geometry considered allow a design speed of 100 km/h. 
Cross section 
configuration 

Dual two lane cross section suitable for a motorway. Twin tubes for 
tunnels. 

Horizontal geometry The minimum curve radius used in this alignment is in the order of 600 
m. 

Vertical geometry Vertical geometry has a maximum gradient of 2 %. 
Geometry Severity 
Score 

2 

 

Alternative Eco A Red Eastern 
Design Speed: The geometry considered allow a design speed of 120 km/h. 

 



 

Cross section 
configuration 

Dual two lane cross section suitable for a motorway. Twin tubes for 
tunnels. 

Horizontal geometry The minimum curve radius used in this alignment is in the range of 450 
m. 

Vertical geometry Vertical geometry has unacceptable continuous steep vertical gradient. 
The alignment ascends for about 10 km with grade of about 5 % and 
then descends for about 10 km with grade of about 5 %.  

Geometry Severity 
Score 

3 

 

Alternative Eco B Blue Eastern 
Design Speed: The geometry considered allow a design speed of 120 km/h. 
Cross section 
configuration 

Dual two lane cross section suitable for a motorway. Twin tubes for 
tunnels. 

Horizontal geometry The minimum curve radius used in this alignment is in the range of 450 
m. 

Vertical geometry Vertical geometry has unacceptable continuous steep vertical gradient. 
The alignment ascends for about 10 km with grade of about 4.2% and 
then descends for about 12 km with grade of about 4.2%.  

Geometry Severity 
Score 

3 

 

Alternative Long Dual Tunnel 
Design Speed: The geometry considered allow a design speed of 140 km/h. 
Cross section 
configuration 

Dual two lane cross section suitable for a motorway. Twin tubes for 
tunnels. 

Horizontal geometry The minimum curve radius used in this alignment is in the range of 
1 200 m. 

Vertical geometry Vertical geometry has a maximum gradient of 2 %. 
Geometry Severity 
Score 

1 

 

Alternative Long Single Tube Tunnel (with unidirectional traffic) 
Design Speed: The geometry considered allow a design speed of 140 km/h for one of 

the directions. The other direction uses the existing road and has 
design speed of 60 km/h. 

Cross section 
configuration 

Two lanes per direction. 

Horizontal geometry The minimum curve radius used in the tunnel alignment is in the range 
of 1 200 m. 

Vertical geometry Vertical geometry has a maximum gradient of 2 %. 
Geometry Severity 
Score 

2 

 

 

 

 



 

Alternative Long Single Tube Tunnel (with bidirectional traffic) 
Design Speed: The geometry considered allow a design speed of 80 km/h. 
Cross section 
configuration 

One lane per direction. 

Horizontal geometry The minimum curve radius used in the tunnel alignment is in the range 
of 1 200 m. 

Vertical geometry Vertical geometry has a maximum gradient of 2 %. 
Geometry Severity 
Score 

2 

 

Alternative Dual Carriageway 
Design Speed: The geometry considered allow a design speed of 80/120 km/h. 
Cross section 
configuration 

Two lanes per direction; unidirectional traffic in tunnels. 

Horizontal geometry The minimum curve radius used in the tunnel alignment is in the range 
of 250 m. 

Vertical geometry Vertical geometry has a maximum gradient of 4 %. 
Geometry Severity 
Score 

2 

 

Alternative Staged Dual Carriageway 
Design Speed: The geometry considered allow a design speed of 80 km/h. for one of 

the directions. The other direction uses the existing road and has 
design speed of 60 km/h. 

Cross section 
configuration 

Two lanes per direction; unidirectional traffic in tunnels. 

Horizontal geometry The minimum curve radius used in the tunnel alignment is in the range 
of 250 m. 

Vertical geometry Vertical geometry has a maximum gradient of 4 %. 
Geometry Severity 
Score 

2 

 

Alternative Western 
Design Speed: The geometry considered allow a design speed of 120 km/h.  
Cross section 
configuration 

Two lanes per direction; unidirectional traffic in tunnels. 

Horizontal geometry The minimum curve radius used in the tunnel alignment is in the range 
of 720 m. 

Vertical geometry Vertical geometry has some substantial ascends and descends 
generally with about 3% grade. Whilst inconvenient these are not 
considered strictly unacceptable. The maximum grade is 4.5%.  

Geometry Severity 
Score 

2 

 

 

 



 

 

Appendix 6 Environmental Evaluation 
 

I. Construction period 
Air Quality – 2.0 

Criteria Indicator Coefficient Algorithm 
Affected settlements (pcs.)  
 

R 

≤ 2 0.5 

(R / Δm) - Δt 
 

2 – 5 1.0 
5 – 10  1.5 
˃ 10 2.0 

Distance of the nearest village, to the 
construction site (m) 
 

Δm  
 

≤ 200 1.0 
200 – 500  1.5 
500 – 1000  2.0 
˃ 1000 3.0 

Duration of the construction period 
(years) Δt  

 

≤ 1 0.2 
2 – 5 0.1 
˃ 6 0.0 

 
Water Quality – 2.0  

Criteria Indicator Coefficient Algorithm 
Water Quality – 2.0 (50%/50%) 
Surface water, PSW – 1.0 (50%) 
Risk of contamination of surface water Rpol – 0.6 (60%) 

Rpol = 
Sr+Cp+Ks 
 

P S
W

 =
 R

po
l +

 R
flo

w
 

RSW + RGW 
 

 

Affected surface water bodies – 0.36 
(60%) Sr 

Yes 0.36 
No 0.0 

Potentially lowering the drainage 
capacity  – 0.12 (20%) 

 
Cp  

Yes 0.12 

No 0.0 
Category of the water body  –  
0.12 (20%) 

 
Ks  
 

I 0.12 
II 0.07 
III 0.012 

Risk of flood, Rflow – 0.4 (40%) 

Rflow = R 
Degree of flood risk 

R 
High 0.40 
Moderate 0.16  
low 0.04 

Ground water PGW – 1.0 (50%) 
Risk of contamination of ground water Rpol – 1.0 

Rpol = 
SWB+Szone 

 

P G
W

 =
 R

po
l 

Groundwater status (1-st aquifer) 
SWB 

Critical 0.40 
At risk 0.16  
Good 0.04 

Affected sanitary protection zones 
(number) 
 

Szone  
 

No 0.06 
1 – 2  0.24 
2 – 4  0.36 
˃ 4 0.6 

 
Acoustic environment – 2.0 

Criteria Indicator Coefficient Algorithm 
Noise, Ac – 2.0  

 
Ac = Lday 

Predicted noise levels at the points 
of impact (Lday dB(A)) Lday 

≤ 50 0.2 
50 – 60 0.8 

 



 

 60 – 62  1.0  
 62 – 65  1.2 

˃ 65 2.0 
 
Visual impact/Landscape – 1.0 

Criteria Indicator Coefficient Algorithm 
Landscape, L – 1.0  
Landscape feature – 0.5 (50%) 

Ls 
positive 0.2  

L = Ls + Vi  
 

 

negative 0.5 
Visual effects – 0.5 (50%) 

Vi 
acceptable 0.2 
unacceptable 0.5 

 
Soils and geology – 2.0 

Criteria Indicator Coefficient Algorithm 
Soils and geology, Ac – 2.0 

 
 
 

Ac = Ar+Aw 
 
 
 

 

Area of the Permanent works, with 
permanent change in its purpose 
(road envelope) (dkа), 
80% 

Ar 

≤ 500 0.16 
500– 1000 0.52 
1000 – 2000  0.70 
2000 – 4000  0.96 
˃ 4000 1.60 

Areas for permanent storage of 
excavated spoil - construction 
landfills (dkа), 20% 

Aw 

≤ 10 0.02 
10 – 50  0.04 
50 – 100  0.07 
100 – 200  0.16 
200 – 400  0.26 
400 – 600  0.32 
˃ 600 0.4 

 
Agricultural land – 1.0 

Criteria Indicator Coefficient Algorithm 
Agricultural land, Ag – 1.0  

Ag = Agl 

Affected agricultural land (dkа) 

Agl 

≤ 100 0.02 
100 – 200  0.05 
200 – 400  0.10 
400 – 600  0.16 
600 – 800  0.18 
800 - 1000 0.20 
1000 - 1200 0.50 
> 1200 1.0 

 
Waste material – 2.0 

Criteria Indicator Coefficient Algorithm 
Waste material, Ws – 2.0  

Ws = Wq+Wr 

Amount of redundant excavated 
spoil (м3) 

Wq 

≤ 500 thous. 0.12 
500 thous -1mln. 0.20 
1mln. – 2mln. 0.54 
2mln. – 4mln. 1.1 
˃ 4mln. 1.2 

Possibility for use in construction 
(%) Wr 

≤ 30 1.18 
30 – 50  1.14  
50 – 70  1.12 

 



 

˃ 70 0.42 
 
 
People and Communities – 2.0 

Criteria Indicator Coefficient Algorithm 
People and Communities D – 2.0  

 
 

D = Ds – T 
If Ds = “No” then D = 0.10 

 
 

Need to reorganize the traffic 

Ds 
Yes* 

≤ 1yr 1.4 
1 –2yr 1.45 
2 –4yr  1.5 
˃ 4yr 2.0 

No 0.1 
Duration of the construction period 
(years) 

T 

≤ 1 1.3 
1 – 2 1.2 
2 – 4 1.0 
> 4  0.0 

If “Yes” then Period for traffic reorganization (year) 
 
II. Operation period 
Air Quality – 1.0  

 
Climate change – 2.0  

Criteria Indicator Coefficient Algorithm 
Climate change, Cc – 2.0 

G
W

m
 

= 

 
 

   
 Mass of greenhouse gases released GWm – 0.8 (40%) 

Criteria Indicator Coefficient Algorithm 
Mass load of pollutants, M – 0.4 (40%) 

M
 =

 М
m

ax
 –

 (Σ
 E

(N
O

x)
+E

(P
M

)) 
M

m
ax

 =
 0

.4
  

 
M + Dis 

 
 

Inventory of pollutants 
 

E Quantity of 
pollutants Мg -  

Dispersion of pollutants, Dis – 0.6 (60%) 

D
is

 =
 C

m
ax

 +
 Δ

m
 +

 R
 

 

Concentration of pollutant at the points 
of impact, µg – 0.36 (60%) Cmax 

≤ 30 0.036 
30 – 40  0.18  
˃ 40 0.36 

Distance of the nearest village, m – 
0.12 (20%) 

Δm  
 

≤ 50 0.12 
50 – 100  0.096 
100 – 200  0.072 
200 – 500  0.048 
500 – 1000  0.024 
˃ 1000 0.012 

Affected villages (number) – 0.12 (20%) 

R 

≤ 2 0.012 
2 – 5 0.048 
5 – 10  0.072 
˃ 10 0.12 

 



 

Inventory of greenhouse gases 

E 
Quantity of 
greenhouse 
gases, Мg 

     - 

 
Cc = GWm + GWp 

 
 

Global warming, GWp – 1.2 (60%) 

M
eq

v 
= 

G
W

p(
k)

 * 
M

G
W

/1
00

0 
G

W
p 

= 
M

eq
v 

Potential of greenhouse gases 

Meqv  
 

Potential of 
greenhouse 
gases, kgeqvCO2 

     - 

 
Water Quality – 1.0 

Criteria Indicator Coefficient Algorithm 
Degree of surface water risk 

RSW 
приемлив  0.05 

R = RSW + RGW 
неприемлив 0.5 

Degree of ground water risk 
RGW 

приемлив  0.05 
неприемлив 0.5 

 
Criteria Indicator Coefficient Algorithm 

Surface water, PSW – 0.5 (50%)  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Risk of polluting surface waters during accidents, Pinc  
Annual probability of a spillage with the potential to cause a serious 
pollution incident, Pspl 

R
sp

l =
 R

L 
x 

SS
 x

 (
AA

D
T 

x 
36

5 
x 

10
-9

) x
 

(H
G

W
/1

00
) 

  

P i
nc

 =
 P

ps
l +

 P
po

l 

R
SW

 =
 P

in
c 

Road length  RL km -   
Spillage rates 

 
SS  
 

No Junction 0.36  

Slip Road 
 

0.43 

Roundabout 
 

3.0 

Annual average daily traffic 

AADT AADT 

- 

 



 

Percentage of heavy goods vehicles 

HGW % 

-  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

RSW + RGW 
 
 

 

The probability, given a spillage, that a serious pollution incident will result, 
Ppol  

Ppol = Rt 

Distance of the emergency services 
and response time to site 

Rt 

Urban 
(response 
time to  
site  <20 
minutes) 

0.45 

Rural 
(response 
time to site <1 
hour) 

0.60 

Remote 
(response 
time to  
site >1 hour) 

0.75 

Ground water PGW – 0.5 (50%)  
Risk of polluting ground waters during accidents, Pinc  
Annual probability of a spillage with the potential to cause a serious 
pollution incident, Pspl 

R
sp

l =
 R

L 
x 

SS
 x

 (A
AD

T 
x 

36
5 

x 
10

-9
) x

 (H
G

W
/1

00
) 

 

P i
nc

 =
 P

ps
l +

 P
po

l 

Road length  RL km -   
Spillage rates 

 
SS  
 

No Junction 0.36  

Slip Road 
 

0.43 

Roundabout 
 

3.0 

Annual average daily traffic 

AADT AADT 

- 

Percentage of heavy goods vehicles 

HGW 

 
    % 

- 

The probability, given a spillage, that a serious pollution incident will result, 
Ppol  

Ppol = Rt 

Distance of the emergency services 
and response time to site 

Rt 

Urban 
(response 
time to  
site  <20 
minutes) 

0.3 

Rural 
(response 
time to site <1 
hour) 

0.3 

Remote 
(response 
time to  
site >1 hour) 

0.5 

 



 

 
 

Assessment matrix on degree of risk 
Value Degree of risk 

≤ 1.0 Acceptable risk 
˃ 1.0 Potential risk 

 
Acoustic environment – 1.0 

Criteria Indicator Coefficient Algorithm 
Noise, Ac – 1.0 (100%)  

 
Ac = Lday 

 
 

Predicted noise levels at the points 
of impact (Lday dB(A)) 

Lday 

≤ 50 0.1 
50 – 60 0.4 
60 – 62  0.5 
62 – 65  0.6 
˃ 65 1.0 

 
Visual Impact/Landscape – 2.0 

Criteria Indicator Coefficient Algorithm 
Landscape, L – 2.0 (100%)  

 
 

L = Ls + Vi 
 

 

Implementation of landscape 
management mitigation – 0.8 (40%) Ls 

Yes 0.8 

No 0.08 
Inscription of elements of road 
infrastructure in the surrounding 
terrain – 1.2 (60%) 

Vi 
Yes 1.2 

No 0.12 

 
People and Communities – 1.0 

Criteria Indicator Coefficient Algorithm 
Improve the local economy, public and business sector, Se – 1.0 (100%)  

 
 
 

 
Se = Δt + L 

 
 

Transport distances – 0.5 (50%) 
Time to move to the community 
center / location Δt 

Shorter 0.5 

Longer 0.05 
Accessibility and communication – 0.5 (50%) 
Communication to the community 
center / location L 

Good 0.5 

Bad  0.05 
 

 

 



 

 

№ Criteria  

Alternative 
 

Long dual 
tunnel 

Long Single 
Tunnel (with 

unidirectional 
traffic) 

Long Single 
Tunnel (with 
bidirectional 

traffic) 

Staged Dual 
Carriageway 

Dual 
Carriageway 

 

Western 

CONSTRUCTION PERIOD 
 
Air quality 
 

      

1. Affected settlements (pcs.)  3 3 3 3 3 5 
2. Distance of the nearest village, to the construction site (m) 200 200 200 80 80 50 
3. Duration of the construction period (years). 6 6 6 4 4 6 
Water quality 
 

      

Surface waters       
1. Affected surface water bodies (yes/no) yes yes yes yes yes yes 
2. Potentially lowering the drainage capacity (yes/no) no no no no no no 
3. Category of the water body III III III III III III 
4. Degree of flood risk high high high high high high 
Ground waters       
1. Groundwater status (1-st aquifer) good good good good good good 
2. Affected sanitary protection zones (number) no no no no no no 
Acoustic environment (noise pollution) 
 

      

1. Predicted noise levels at the points of impact (Lday dB(A)) 60 60 60 60 60 ˃ 70 
Landscape 
 

      

1. Landscape features (positive/negative) negative negative negative negative negative negative 
2. Visual effects  (acceptable/unacceptable) unacceptable unacceptable unacceptable unacceptable unacceptable unacceptable 
Soils and geology 
 

      

1. Area of the Permanent works, with permanent change in its 
purpose (road envelope) (hа) 

97 97 97 114 114 109 

 



 

2. Areas for permanent storage of excavated spoil - 
construction landfills (hа) 
 

45.5 45.5 45.5 45.5 45.5 16.0 

Agricultural Land 
 
1. Affected agricultural land (hа) 70 70 70 70 70 40 
Waste and materials 
 
1. Amount of redundant excavated spoil (м3)  3 000 000 3 000 000 3 000 000 1 576 000 1 576 000 1 500 000 
2. Possibility for use in construction (%) 75 75 75 50 50 75 
People and Communities 
 
1. Need to reorganize the traffic yes yes yes yes yes no 
2. Period for traffic reorganization (year) 6 6 6 4 4 - 
3. Duration of the construction period (years). 6 6 6 4 4 - 
Cultural heritage/Built heritage 
 
1. Location of sites in relation to the works n.d n.d n.d n.d n.d n.d 
Natura 2000 
 
For conservation of wild flora and fauna and natural habitats – SCI 
1.1 Affected SCI  pcs. / code / 

name / 
ha / км2 

1 pcs. 
BG0000366 

Kresna – 
Ilindentsi 

(48 596 ha/ 
485.95km2) 

1 pcs. 
BG0000366 

Kresna – 
Ilindentsi 

(48 596 ha/ 
485.95km2) 

1 pcs. 
BG0000366 

Kresna – 
Ilindentsi 

(48 596 ha/ 
485.95km2) 

1 pcs. 
BG0000366 

Kresna – 
Ilindentsi 

(48 596 ha/ 
485.95km2) 

1 pcs. 
BG0000366 

Kresna – 
Ilindentsi 

(48 596 ha/ 
485.95km2) 

1 pcs. 
BG0000366 

Kresna – 
Ilindentsi 

(48 596 ha/ 
485.95km2) 

1.2 Affected scope of the SCI hа / км2 / 
 
 
% of the SCI 

18 ha  
(0.18км2) / 

 
0.037% 

15 ha 
(0.15км2) / 

 
0.031% 

15 ha 
(0.15км2) / 

 
0.031% 

81 ha 
(0.81км2) / 

 
0.17% 

109 ha 
(1.09км2) / 

 
0.22% 

27 ha 
(0.27км2) / 

 
0.06% 

For conservation of wild birds – SPA 

2.1 Affected SPA pcs. / code / 
name / 

1 pcs. 
BG0002003 

1 pcs. 
BG0002003 

1 pcs. 
BG0002003 

1 pcs. 
BG0002003 

1 pcs. 
BG0002003 

1 pcs. 
BG0002003 

 



 

ha / км2 Kresna 
(23 496 ha / 
234.96 km2) 

Kresna 
(23 496 ha / 
234.96 km2) 

Kresna 
(23 496 ha / 
234.96 km2) 

Kresna 
(23 496 ha / 
234.96 km2) 

Kresna 
(23 496 ha / 
234.96 km2) 

Kresna 
(23 496 ha / 
234.96 km2) 

2.2 Affected scope of the SPA hа / км2 / 
% of the SPA 
 

18 ha 
(0.18км2) / 

 
0.076% 

15 ha 
(0.15км2) / 

 
0.064% 

15 ha 
(0.15км2) / 

 
0.064% 

81 ha 
(0.81км2) / 

 
0.34% 

109 ha 
(1.09км2) / 

 
0.46% 

27 ha 
(0.27км2) / 

 
0.11% 

Protected species and habitats (direct expropriation of areas and changing habitat structure) 
 
3.1 Affected natural habitats, subject of 

conservation in the SCI 
pcs. / count 
 
code / hа / % of 
spread in the SCI 
 

2 pcs. / (34+3) 
pcs. 

 
 

6210* - 14,4ha / 
0,55% 
91АА* - 5,1ha / 
0,14% 
 
Total 19,5 ha 
(0.195 км2) 

2 pcs. / (34+3) 
pcs. 

 
 

6210* - 12,9ha / 
0,50% 
91АА* - 1,6 ha / 
0,04% 
 

 
Total 14,5 ha 
(0.145 км2) 

2 pcs. / (34+3) 
pcs. 

 
 

6210* - 12,9ha / 
0,50% 
91АА* - 1,6 ha / 
0,04% 
 

 
Total 14,5 ha 
(0.145 км2) 

11 pcs. / (34+3) 
pcs. 

 
6220* - 0,3ha 
/0,02% 
8220 – 0,2 ha 
/0,33% 
8230 – 
0,01ha/0,03% 
91АА* - 10 ha 
/0,26% 
91МО – 
1,4ha/0,12% 
91ZO – 
0,7ha/3,40% 
91EO*-0,3ha 
/0,29% 
9560* - 1ha 
/0,09% 
92AO – 
3,9ha/8,97% 
92СО – 2,6ha 
/3,32% 

11 pcs. / (34+3) 
pcs. 

 
6220* - 0,9ha 
/0,04% 
8220 – 0,3ha 
/0,66% 
8230 – 
0,03ha/0,05% 
91АА*-
14,3ha/0,39% 
91МО – 
1,9ha/0,17% 
91ZO – 1,2ha 
/5,84% 
91EO* - 
0,1ha/0,11% 
9560* - 
3,2ha/0,29% 
92AO – 
6,3ha/14,6% 
92СО – 
4,1ha/5,26% 

5 pcs. / (34+3) 
pcs. 

 
6210* - 0,6ha 
/0,02% 
91АА* - 7,1ha 
/0,2% 
91МО - 4,5ha 
/0,39% 
9560* - 6,3ha 
/0,56% 
92СО – 2,1ha 
/2,64% 
 

Total 20,6 ha 
(0.206 км2) 

 



 

92DO-
0,03ha/1,15% 
 

Total 20,4 ha 
(0.204 км2) 

92DO – 0,1ha 
/5,03% 
 

Total 32,43 ha 
(0.324 км2) 

3.2 Affected species’ habitats, subject of 
conservation in the SCI 

pcs. / count 
 
 
 
name /  
% of the optimal 
habitats in the SCI 
 
 
0-0,5% / 
0,5-1% / 
over 1% 

min 14 pcs. / (47) 
pcs. 

species’  
habitats 

 
Lutra lutra 

Triturus karelinii 
Bombina 
variegate 

Testudo graeca 
Testudo 
hermanni 
Elaphe 

quatuorlineata - 
0,7% 

Elaphe situla – 
0,6% 

Aspius aspius 
Rhodeus 

sericeus amarus 
Cobitis taenia 

Myotis 
emarginatus 
Rhinolophus 
hipposideros 
Rhinolophus 

ferrumequinum 
Rhinolophus 

Euryale 

min 14 pcs. / 
(47) pcs. 
species’  
habitats 

 
Lutra lutra 

Triturus karelinii 
Bombina 
variegate 

Testudo graeca 
Testudo 
hermanni 
Elaphe 

quatuorlineata 
Elaphe situla 
Aspius aspius 

Rhodeus 
sericeus amarus 

Cobitis taenia 
Myotis 

emarginatus 
Rhinolophus 
hipposideros 
Rhinolophus 

ferrumequinum 
Rhinolophus 

Euryale 
 

all species are  

min 14 pcs. / (47) 
pcs. 

species’  
habitats 

 
Lutra lutra 

Triturus karelinii 
Bombina 
variegate 

Testudo graeca 
Testudo 

hermanni 
Elaphe 

quatuorlineata 
Elaphe situla 
Aspius aspius 

Rhodeus sericeus 
amarus 

Cobitis taenia 
Myotis 

emarginatus 
Rhinolophus 
hipposideros 
Rhinolophus 

ferrumequinum 
Rhinolophus 

Euryale 
 

all species are  

min 15 pcs. / (47) 
pcs. 

species’  
habitats 

 
Lutra lutra – 3,6% 

Vormela 
peregusna 

Triturus karelinii 
Bombina 

variegate – 1,2% 
Testudo graeca - 

1,1% 
Testudo hermanni 

- 1,1% 
Emys orbicularis 

– 3,3% 
Elaphe 

quatuorlineata-
2,5% 

Elaphe situla – 
3,1% 

Aspius aspius 
Rhodeus sericeus 

amarus 
Cobitis taenia 
Callimorpha 

quadripunctaria – 
1,2% 

min 19 pcs. / (47) 
pcs. 

species’  
habitats 

 
Lutra lutra – 4,6% 

Vormela 
peregusna 

Triturus karelinii 
Bombina 

variegate – 1,7% 
Testudo graeca – 

1,6% 
Testudo 

hermanni – 1,5% 
Emys orbicularis 

– 7,1% 
Elaphe 

quatuorlineata-
3,8% 

Elaphe situla – 
4,5% 

Aspius aspius 
Rhodeus sericeus 

amarus 
Cobitis taenia 
Callimorpha 

quadripunctaria 

min 13 pcs. / (47) 
pcs. 

species’  
habitats 

 
Lutra lutra – 0,5% 
Triturus karelinii 

Bombina 
variegate 

Testudo graeca 
Testudo hermanni 

Elaphe 
quatuorlineata 
Elaphe situla 
Callimorpha 

quadripunctaria 
Cerambyx cerdo 

Myotis 
emarginatus 
Rhinolophus 
hipposideros 
Rhinolophus 

ferrumequinum 
Rhinolophus 

euryale 
 

for 1 species is 
 0,5-1% 

 



 

 
for 2 species is 

 0,5-1% 

below 0.5% below 0.5% 
 

Cerambyx cerdo 
– 1.7% 

Austropotamobius 
torrentium 

 
for 9 species is 

over 1% 

Cerambyx cerdo 
– 1,3% 

Austropotamobiu
s torrentium 

Myotis 
emarginatus 
Rhinolophus 
hipposideros 
Rhinolophus 

ferrumequinum 
Rhinolophus 

euryale 
 

for 8 species is  
over 1% 

3.3 Affected species’ habitats, subject of 
conservation in the SPA  

pcs. / count 
species’ habitats  

 

min 17 pcs. / 
(48+7) pcs. 

species’ habitats  
(nesting) 

 

min 17 pcs. / 
(48+7) pcs. 

species’ habitats  
(nesting) 

 

min 17 pcs. / 
(48+7) pcs. 

species’ habitats  
(nesting) 

 

min 17 pcs. / 
(48+7) pcs. 

species’ habitats  
(nesting) 

 

min 17 pcs. / 
(48+7) pcs. 

species’ habitats  
(nesting) 

min 17 pcs. / 
(48+7) pcs. 

species’ habitats  
(nesting) 

 

 

 

 

 

 

 

 



 

№ Criteria  

Alternative 

Long tunnel Long Single 
Tunnel (with 

unidirectional 
traffic) 

Long Single 
Tunnel (with 
bidirectional 

traffic) 

Staged Dual 
Carriageway 

Dual 
Carriageway 

 

Western 

OPERATIONAL PERIOD 
 
Air quality 
 

      

1. Inventory of pollutants 
 

NOx, (Mg) 0.026 0.026 0.026 0.031 0.031 0.033 
CO, (Mg) 0.410 0.410 0.410 0.482 0.482 0.515 
PM, (Mg) 0.00061 0.00061 0.00061 0.00072 0.00072 0.00076 

2. Dispersion of 
pollutants 

Cmax – maximum concentration 127.2 47.2 36.5 55.2 55.2 50.2 
Distance of the nearest village 200 200 200 80 80 50 
Affected villages (number) 3 3 3 3 3 5 

Climate change (greenhouse gasses) 
 
1. Mass of greenhouse gases released 

(during the operation) 
N2О, (Mg) 0.0078 0.0078 0.0078 0.0092 0.0092 0.0098 
CO2, (Mg) 0.140 0.140 0.140 0.165 0.165 0.176 
CH4, (Mg) 0.016 0.016 0.016 0.019 0.019 0.021 

2. Global warming 
(during the operation) 
 

N2О, (kgeqv) 2334.9 2334.9 2334.9 2746.9 2746.9 2930.1 
CO2, (kgeqv) 140.6 140.6 140.6 165.4 165.4 176.5 
CH4, (kgeqv) 384.5 384.5 384.5 452.3 452.3 482.4 

Water quality 
 
Surface waters       
1. Risk of polluting surface waters during accidents acceptable acceptable acceptable potential potential acceptable 
Ground waters       
1. Risk of polluting ground waters during accidents acceptable acceptable acceptable acceptable acceptable acceptable 
Acoustic environment (noise pollution) 
 
1. Predicted noise levels at the points of impact (Lday dB(A)) 56.2 56.2 56.2 64.7 64.7 70.3 
Landscape 

 



 

 
1. Implementation of landscape management mitigation yes yes yes yes yes yes 
2. Inscription of elements of road infrastructure in the 

surrounding terrain 
yes yes yes yes yes yes 

People and Communities 
 
1. Improve the local economy, public and business sector yes yes yes yes yes yes 
Natura 2000 
 
For conservation of wild flora and fauna and natural habitats – SCI 
1.1 Affected SCI  pcs. / code / 

name / 
ha / км2 

1 pcs. 
BG0000366 

Kresna – 
Ilindentsi 

(48 596 ha/ 
485.95km2) 

1 pcs. 
BG0000366 

Kresna – 
Ilindentsi 

(48 596 ha/ 
485.95km2) 

1 pcs. 
BG0000366 

Kresna – 
Ilindentsi 

(48 596 ha/ 
485.95km2) 

1 pcs. 
BG0000366 

Kresna – 
Ilindentsi 

(48 596 ha/ 
485.95km2) 

1 pcs. 
BG0000366 

Kresna – 
Ilindentsi 

(48 596 ha/ 
485.95km2) 

1 pcs. 
BG0000366 

Kresna – 
Ilindentsi 

(48 596 ha/ 
485.95km2) 

1.2 Affected scope of the SCI hа / км2 / 
 
 
% of the SCI 

18 ha  
(0.18км2) / 

 
0.037% 

15 ha 
(0.15км2) / 

 
0.031% 

15 ha 
(0.15км2) / 

 
0.031% 

81 ha 
(0.81км2) / 

 
0.17% 

109 ha 
(1.09км2) / 

 
0.22% 

27 ha 
(0.27км2) / 

 
0.06% 

For conservation of wild birds – SPA 

2.1 Affected SPA pcs. / code / 
name / 
ha / км2 

1 pcs. 
BG0002003 

Kresna 
(23 496 ha / 
234.96 km2) 

1 pcs. 
BG0002003 

Kresna 
(23 496 ha / 
234.96 km2) 

1 pcs. 
BG0002003 

Kresna 
(23 496 ha / 
234.96 km2) 

1 pcs. 
BG0002003 

Kresna 
(23 496 ha / 
234.96 km2) 

1 pcs. 
BG0002003 

Kresna 
(23 496 ha / 
234.96 km2) 

1 pcs. 
BG0002003 

Kresna 
(23 496 ha / 
234.96 km2) 

2.2 Affected scope of the SPA hа / км2 / 

% of the SPA 
 

18 ha 
(0.18км2) / 

 
0.076% 

15 ha 
(0.15км2) / 

 
0.064% 

15 ha 
(0.15км2) / 

 
0.064% 

81 ha 
(0.81км2) / 

 
0.34% 

109 ha 
(1.09км2) / 

 
0.46% 

27 ha 
(0.27км2) / 

 
0.11% 

Protected species and habitats (deterioration quality of habitats, fragmentation of habitats and the barrier effect, disturbance of species) 
 

 



 

3.1 Affected natural habitats, subject of 
conservation in the SCI 

pcs. / count 
 
code / hа / % of 
spread in the SCI 
 

2 pcs. / (34+3) 
pcs. 

 
 

6210* - 14,4ha / 
0,55% 
91АА* - 5,1ha / 
0,14% 
 
Total 19,5 ha 
(0.195 км2) 

2 pcs. / (34+3) 
pcs. 

 
 

6210* - 12,9ha / 
0,50% 
91АА* - 1,6 ha / 
0,04% 
 

 
Total 14,5 ha 
(0.145 км2) 

2 pcs. / (34+3) 
pcs. 

 
 

6210* - 12,9ha / 
0,50% 
91АА* - 1,6 ha / 
0,04% 
 

 
Total 14,5 ha 
(0.145 км2) 

11 pcs. / (34+3) 
pcs. 

 
6220* - 0,3ha 
/0,02% 
8220 – 0,2 ha 
/0,33% 
8230 – 
0,01ha/0,03% 
91АА* - 10 ha 
/0,26% 
91МО – 
1,4ha/0,12% 
91ZO – 
0,7ha/3,40% 
91EO*-0,3ha 
/0,29% 
9560* - 1ha 
/0,09% 
92AO – 
3,9ha/8,97% 
92СО – 2,6ha 
/3,32% 
92DO-
0,03ha/1,15% 
 

Total 20,4 ha 
(0.204 км2) 

11 pcs. / (34+3) 
pcs. 

 
6220* - 0,9ha 
/0,04% 
8220 – 0,3ha 
/0,66% 
8230 – 
0,03ha/0,05% 
91АА*-
14,3ha/0,39% 
91МО – 
1,9ha/0,17% 
91ZO – 1,2ha 
/5,84% 
91EO* - 
0,1ha/0,11% 
9560* - 
3,2ha/0,29% 
92AO – 
6,3ha/14,6% 
92СО – 
4,1ha/5,26% 
92DO – 0,1ha 
/5,03% 
 

Total 32,43 ha 
(0.324 км2) 

5 pcs. / (34+3) 
pcs. 

 
6210* - 0,6ha 
/0,02% 
91АА* - 7,1ha 
/0,2% 
91МО - 4,5ha 
/0,39% 
9560* - 6,3ha 
/0,56% 
92СО – 2,1ha 
/2,64% 
 

Total 20,6 ha 
(0.206 км2) 

3.2 Affected species’ habitats, subject of 
conservation in the SCI 

pcs. / count 
 
 
 
name /  

min 14 pcs. / 
(47) pcs. 
species’  
habitats 

 
Lutra lutra 

min 14 pcs. / (47) 
pcs. 

species’  
habitats 

 
Lutra lutra 

min 14 pcs. / (47) 
pcs. 

species’  
habitats 

 
Lutra lutra 

min 15 pcs. / (47) 
pcs. 

species’  
habitats 

 
Lutra lutra – 3,6% 

min 19 pcs. / (47) 
pcs. 

species’  
habitats 

 
Lutra lutra – 4,6% 

min 13 pcs. / (47) 
pcs. 

species’  
habitats 

 
Lutra lutra – 0,5% 

 



 

% of the optimal 
habitats in the SCI 
 
 
0-0,5% / 
0,5-1% / 
over 1% 

Triturus karelinii 
Bombina 
variegate 

Testudo graeca 
Testudo 
hermanni 
Elaphe 

quatuorlineata - 
0,7% 

Elaphe situla – 
0,6% 

Aspius aspius 
Rhodeus 
sericeus 
amarus 

Cobitis taenia 
Myotis 

emarginatus 
Rhinolophus 
hipposideros 
Rhinolophus 

ferrumequinum 
Rhinolophus 

Euryale 
 
for 2 species is 

 0,5-1% 

Triturus karelinii 
Bombina 
variegate 

Testudo graeca 
Testudo 

hermanni 
Elaphe 

quatuorlineata 
Elaphe situla 
Aspius aspius 

Rhodeus sericeus 
amarus 

Cobitis taenia 
Myotis 

emarginatus 
Rhinolophus 
hipposideros 
Rhinolophus 

ferrumequinum 
Rhinolophus 

Euryale 
 

all species are  
below 0.5% 

Triturus karelinii 
Bombina 
variegate 

Testudo graeca 
Testudo 

hermanni 
Elaphe 

quatuorlineata 
Elaphe situla 
Aspius aspius 

Rhodeus sericeus 
amarus 

Cobitis taenia 
Myotis 

emarginatus 
Rhinolophus 
hipposideros 
Rhinolophus 

ferrumequinum 
Rhinolophus 

Euryale 
 

all species are  
below 0.5% 

 

Vormela 
peregusna 

Triturus karelinii 
Bombina 

variegate – 1,2% 
Testudo graeca - 

1,1% 
Testudo hermanni 

- 1,1% 
Emys orbicularis 

– 3,3% 
Elaphe 

quatuorlineata-
2,5% 

Elaphe situla – 
3,1% 

Aspius aspius 
Rhodeus sericeus 

amarus 
Cobitis taenia 
Callimorpha 

quadripunctaria – 
1,2% 

Cerambyx cerdo 
– 1.7% 

Austropotamobius 
torrentium 

 
for 9 species is 

over 1% 

Vormela 
peregusna 

Triturus karelinii 
Bombina 

variegate – 1,7% 
Testudo graeca – 

1,6% 
Testudo 

hermanni – 1,5% 
Emys orbicularis 

– 7,1% 
Elaphe 

quatuorlineata-
3,8% 

Elaphe situla – 
4,5% 

Aspius aspius 
Rhodeus sericeus 

amarus 
Cobitis taenia 
Callimorpha 

quadripunctaria 
Cerambyx cerdo 

– 1,3% 
Austropotamobiu

s torrentium 
Myotis 

emarginatus 
Rhinolophus 
hipposideros 
Rhinolophus 

ferrumequinum 
Rhinolophus 

euryale 
 

Triturus karelinii 
Bombina 
variegate 

Testudo graeca 
Testudo 

hermanni 
Elaphe 

quatuorlineata 
Elaphe situla 
Callimorpha 

quadripunctaria 
Cerambyx cerdo 

Myotis 
emarginatus 
Rhinolophus 
hipposideros 
Rhinolophus 

ferrumequinum 
Rhinolophus 

euryale 
 

for 1 species is 
 0,5-1% 

 



 

for 8 species is  
over 1% 

3.3 Fragmentation of habitats and the 
barrier effect 

yes / no  
 
count species  

yes 
 

min 6 

yes 
 

min 6 

yes 
 

min 6 

yes 
 

min 9 

yes 
 

min 9 

yes 
 

min 6 
3.4 Affected species’ habitats, subject of 

conservation in the SPA  
pcs. / count 
species’ habitats  
 

min 17 pcs. / 
(48+7) pcs. 

species’ 
habitats  
(nesting) 

 

min 17 pcs. / 
(48+7) pcs. 

species’ habitats  
(nesting) 

 

min 17 pcs. / 
(48+7) pcs. 

species’ habitats  
(nesting) 

 

min 17 pcs. / 
(48+7) pcs. 

species’ habitats  
(nesting) 

 

min 17 pcs. / 
(48+7) pcs. 

species’ habitats  
(nesting) 

min 17 pcs. / 
(48+7) pcs. 

species’ habitats  
(nesting) 

Animal mortality 
 
Mortality in vertebrates 

4.1 Mortality risk in groups of species pcs. affected groups of 
species 
 
 
 
high / medium / 
low 

2 groups  
(bats and birds)  

 
 low risk 

5 groups  
(amphibians, 

reptiles, 
mammals, bats 

and birds) 
 

 high risk 

4 groups 
(amphibians, 

reptiles, 
mammals and 

birds) 
 

medium risk 

5 groups 
(amphibians, 

reptiles, 
mammals, bats 

and birds) 
 

high risk 

5 groups 
(amphibians, 

reptiles, 
mammals, bats 

and birds) 
 

high risk 

3 groups 
(amphibians, 
reptiles and 

birds) 
 
 

low risk 
 

 

 

 

 

 

 



 

Alternative 

Construction period - (Value) 

Air Water Noise 

Protected species and 
habitats Natura 

2000 
Soils and 
geology 

Agricul
tural 
land 

Waste 
and 

materi
als 

Land 
scape 

People    
and 

Commun
ity 

 

Cultural 
Heritage 

area spe 
cies 

habit
ats 

Long dual tunnel 0.18 1.2 0.2 1.95 14 2 0.133 0.84 0.18 1.52 0.4 2.00 1.00 
Long single tunnel (unidirect) 0.18 1.2 0.2 1.45 14 2 0.095 0.84 0.18 1.52 0.4 2.00 1.00 
Long single tunnel (bidirect) 0.18 1.2 0.2 1.45 14 2 0.095 1.02 0.18 1.52 0.4 2.00 1.00 
Staged dual carriageway 0.4 1.2 0.2 2.04 15 11 0.510 1.02 0.18 1.68 0.4 0.50 1.00 
Dual carriageway optimized 0.4 1.2 0.2 3.24 19 11 0.680 1.02 0.18 1.68 0.4 0.50 1.00 
Western alternative 0.6 1.2 1.2 2.06 13 5 0.170 0.78 0.09 0.96 0.4 0.10 1.00 

 

Алтернатива 

Operation period - (Value)   

Air Climat 
change Water 

Protected spacies and 
habitats Natura 

2000 
Animal 

mortality Noise Land 
scape 

People 
and 

Communit area spe 
cies 

habi 
tats 

Long dual tunnel 0.49 0.75 0.60 1.95 14 2 0.133 2.00 0.1 2.00 1.00 
Long single tunnel (unidirect) 0.46 0.75 0.60 1.45 14 2 0.095 5.00 0.1 2.00 1.00 
Long single tunnel (bidirect) 0.49 0.75 0.60 1.45 14 2 0.095 4.00 0.1 2.00 1.00 
Staged dual carriageway 0.55 0.78 1.00 2.04 15 11 0.510 5.00 0.4 2.00 1.00 
Dual carriageway optimized 0.55 0.78 1.00 3.24 19 11 0.680 5.00 0.4 2.00 1.00 
Western alternative 0.69 0.8 0.60 2.06 13 5 0.170 3.00 0.6 2.00 1.00 

 

 



 

Alternative 

Construction period - (Score) - MKA 

Air Water Noise 

Protected species and 
habitats Natura 

2000 
Soils and 
geology 

Agricul
tural 
land 

Waste 
and 

materi
als 

Land 
scape 

People    
and 

Commun
ity 

 

Cultural 
Heritage 

area spe 
cies 

habit
ats 

Long dual tunnel 2.00 2.00 2.00 1.49 1.00 1.00 3.36 1.86 0.50 1.26 1.00 0.10 1.0 
Long single tunnel (unidirect) 2.00 2.00 2.00 2.00 1.00 1.00 4.00 1.86 0.50 1.26 1.00 0.10 1.0 
Long single tunnel (bidirect) 2.00 2.00 2.00 2.00 1.00 1.00 4.00 1.53 0.50 1.26 1.00 0.10 1.0 
Staged dual carriageway 0.90 2.00 2.00 1.42 0.93 0.18 0.74 1.53 0.50 1.14 1.00 0.40 1.0 
Dual carriageway optimized 0.90 2.00 2.00 0.90 0.74 0.18 0.56 1.53 0.50 1.14 1.00 0.40 1.0 
Western alternative 0.60 2.00 0.33 1.41 1.08 0.40 2.20 2.00 1.00 2.00 1.00 2.00 1.0 

 

 

Alternative 

Operation period - (Score) - MKA 

Air Climat 
change Water Protected species and 

habitats 
Natura 
2000 

Animal 
mortality Noise Landscape People and 

Communit 

Long dual tunnel 0.94 2.00 1.00 0.37 0.93 1.00 2.52 3.00 1.00 2.00 1.00 
Long single tunnel (unidirect) 1.00 2.00 1.00 0.50 0.93 1.00 3.00 1.20 1.00 2.00 1.00 
Long single tunnel (bidirect) 0.94 2.00 1.00 0.50 0.93 1.00 3.00 1.50 1.00 2.00 1.00 
Staged dual carriageway 0.84 1.92 0.60 0.36 0.87 0.18 0.56 1.20 0.25 2.00 1.00 
Dual carriageway optimized 0.84 1.92 0.60 0.22 0.68 0.18 0.42 1.20 0.25 2.00 1.00 
Western alternative 0.67 1.88 1.00 0.35 1.00 0.40 1.65 2.00 0.17 2.00 1.00 

 

 



 

Alternative Construction 
  Value Score 

Long dual tunnel 25.58 22.5 
Long single tunnel (unidirect) 25.07 23.0 
Long single tunnel (bidirect) 25.25 22.8 
Staged dual carriageway 25.13 16.4 
Dual carriageway optimized 40.50 14.2 
Western alternative 26.56 21.7 

 

 

 

 

 

 

 

 

 

 

Alternative Operation 
  Value Score 

Long dual tunnel 31.00 17.0 
Long single tunnel (unidirect) 33.46 15.8 
Long single tunnel (bidirect) 32.49 16.2 
Staged dual carriageway 48.28 10.9 
Dual carriageway optimized 53.65 9.80 
Western alternative 34.92 15.1 

 



 

 

Appendix 7 JASPERS’ comments to 3rd draft of Arup’s Interim Report 
 

 



 

Arup’s and NCSIP’s Response to JASPERS comments to the MCA for Struma Lot 3.2 
Interim Report, Draft 1, 18 May 2015 

 
General comment: 
The main comments below are provided with the intention to help preparation of the MCA and to 
improve, streamline and tailor the MCA framework to the specific features of this project. 

Some of the comments are triggered by the increased requirements of the Commission for improvement 
in the quality of the projects for the new programming cycle 2014 – 2020, others go further than the strict 
scope of MCA, addressing Option Analysis and other aspects of a comprehensive project development 
process, especially for projects facing significant topographical, environmental, technological and 
logistical challenges, such as the motorway crossing the Kresna Gorge, and especially for projects to 
be implemented using EU funds as reflected in the requirements of the new Annex II. 

It is understood that the MCA will be completed only when the Consultant believes that sufficient detail 
is available to him for fair and adequate comparison of the identified exhaustive list of alternatives. 

Arup – the revised MCA report (currently Draft 4) now clearly identifies which criteria are marked 
qualitatively and those that are marked quantitatively; the draft also includes the data that are required 
to undertake the assessment. 

Detailed comments: 
Comments are not prioritised and follow the structure of the Report. 

1.3 Studies and updates since the 2011 MCA 

o Ground Investigation for Lot 3 Tunnels – It is known that the 2nd stage of the geological 
investigations for the long tunnel is not done and is put on hold. It is up to the Consultant to 
decide whether the available data from the 1st stage are sufficient for the purposes of the MCA 
(assessment of the quantities, technical feasibility, environmental aspects, seismic risks, etc.); 

o Arup – the geological data will have the greatest bearing on: 

o the cost of the project and as such is assumed to be taken into account in the cost 
analysis undertaken by NCSIP; 

o the environmental aspects, mainly in terms of potential drawdown of perched water 
table.  Again this is a cost issue as will impact on grouting requirements and speed 
of construction. 

o According to the information presented an EIA procedure was initiated in 2015 for the long 
tunnel and dual carriageway alternatives in Lot 3.2. If the procedure is developed only for these 
two alternatives, it is not very clear how the requirements in the amended Ordinance 
SG.03/2006, giving the conditions and the procedure for implementing an environmental impact 
assessment, Annex II, point II.4 (detailed information about considered alternatives) and point 
III.5 (detailed information for all considered alternatives for location) have been fulfilled. 
Obviously, the two alternatives to be analysed are not all the alternatives studied for the project 
area; 

o Arup – The MCA consultant undertakes the assessment based on potential alternatives 
provided by NCSIP.  The completeness of the project studies is given a weighting of 3 in 
the MCA as time is one of the constraints.  Those alternatives which have more developed 
project documentation or approvals will have a slight advantage over those with limited 
documentation, however lack of documentation, including those studies required under the 
EIA procedure, will not be a reason for the alternative’s rejection. 

o NCSIP – There is an existing EIA from 2008 which has reviewed and dismissed all 
alternatives identified at the time, except the Long Tunnel alternative. These alternatives 
are reviewed as part of the MCA for completeness but could not legally be made part of the 
new 2015 EIA. The 2015 EIA was initiated by NCSIP with 2 alternatives – the Long Tunnel 
(based on the more detailed information now available) and the newly identified Dual 
Carriageway alternative. In the process of consultations regarding the scope of the EIA the 
MoEW required NCSIP to investigate the feasibility of alternatives outside the gorge. To 
comply with this requirement NCSIP studied in detail two alternatives on the east side of 
the gorge and commissioned a study for an alternative on the west side. As a consequence 
a western alternative was identified and is now included in both the MCA and the EIA. All 
newly identified alternatives will be discussed in the scoping document of the EIA which is 
to be finalised in July 2015.  
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o Being at the beginning of the EIA procedure, we would recommend NCSIP to extend its scope 
to cover all alternatives to be assessed in the MCA and to have as result an independent source 
for taking scoring data. 

o Arup – The purpose of the MCA is to screen the number of alternatives to be taken forward 
for a more detailed analysis which would include the studies, etc that need to be undertaken 
as part of the EIA procedure. 

o NCSIP – see the previous comment. 

3 Alternatives 

o Before considering and assessing the alternatives as such they should be justified. Normally, 
the process of their identification and justification starts with an analysis of the current transport 
situation in the study area (Kresna Gorge) and identification of present deficiencies, problems 
and constraints. On this basis, improvement/development objectives should be defined which 
fully, or to a sufficient extent, address these deficiencies and problems within the given 
constraints. Subsequently, adequate measures should be proposed for achieving the selected 
objectives, which do not necessarily need to be infrastructure investments only. Then, potential 
project options required for implementation of the measures should be identified. Such a 
planning approach, if done properly, actually streamlines the process of options development 
and is very helpful later when defining criteria for their comparison. At the moment such 
justification is not provided in the MCA report and it is interesting to have the opinion of the 
Consultant whether it is considered necessary; 

o Arup – Lot 3.2 forms a small part of the 135km Struma Motorway for which the overall 
benefits of this TEN-T link were approved.  Lots 3.2 needs to be taken into account as part 
of the overall Struma Motorway however the specific nature of the area and topography 
through which Lot 3.2 passes should also be considered.   

Taking into account the issues raised in the paragraph above whereas the issues such as 
time saving would be comparatively small due to the short length of the section other issues 
such as environmental impact, both during the construction and operational periods, need 
to be considered.  

The MCA criteria considers the project’s objectives, which are: 

o Limit impact on environment during construction; 

o Limit impact on environment during operation; 

o Accident savings 

o Climate change 

The consultant has taken these project objectives and applied a weighting to them in the 
MCA to achieve a balance between financial, economic and environmental parameters. 

NCSIP – in order to address this comment, a new Chapter 2 Project Goals has been added 
to NCSIP’s MCA report. It contains a review of the OP Transport and Transport 
Infrastructure context, the existing situation, the related issues to be addressed, the 
desirable characteristics of a preferred alternative and how these are translated to the MCA 
framework. 

o Normally three options are considered within an Option Analysis: a do-nothing alternative 
(Business as usual - BAU), one or several do-minimum alternatives and a cluster of do-
something alternatives. The BAU should be an estimate of what would happen if the project is 
not undertaken and in normal cases includes routine and structural maintenance for the period 
of the project avoiding any catastrophic scenarios. To our understanding it is covered in the 
current study by the “Do-minimum” alternative which proposes only rehabilitation of the existing 
road. A real do-minimum alternative trying to eliminate at least some of the major problems in 
the gorge has probably not been considered so far. It may be worth analysing at least one such 
solution to see its benefits and impacts in comparison to other do-something alternatives 
studied. Again the Consultant should advise whether such alternatives are feasible and should 
assist in their definition; 

o Arup – NCSIP have provided data for a do-minimum alternative which is now included within 
the MCA.  Whilst a do-nothing alternative is not directly assessed as a unique solution the 
do-nothing does provide the basis for the benefits (positive and negative) of the various 
alternatives.   
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o Concerning the number of proposed alternatives it will be very useful if the Consultant, out of its 
broad experience with similar projects, could provide his opinion to what extent the defined ones 
comprise an exhaustive list of potential options. 

o Arup – The intention of this initial feasibility stage assessment is to look at a broad range of 
alternate options.  Now that do-minimum and carriageway configuration options have been 
prepared the alternatives would appear to cover all the major options for (a) the potential 
routes, i.e. east, west or straight through the gorge; (b) the highway configuration, i.e. double 
bore tunnels, single bore tunnels; and (c) the extend of the improvements, i.e. from a 
complete new highway, a new carriageway for one direction (utilising the improved existing 
carriageway for the second direction), to the do-minimum alternative where the existing 
carriageway is used for both directions. 

There will be an infinite number of alignments that could be produced however the 16 
alternatives covered in the MCA cover a broad range of the potential options. 

4 Methodology of the MCA: 

o MCA should reflect the objectives of the project, and should be able to measure how good an 
option is in fulfilling those (multiple) objectives; 

o Arup – In the Stage 1 assessment the alternatives have to meet the overall project 
objectives associated with environmental legislation, geometry and economics.  In the 
Stage 2 assessment the project’s objectives are reflected in the weighting given to the 
various criteria, e.g. reduction in accidents, impact on the environment, etc. 

o The review of the available Guidelines should include the requirements of the Commission 
Implementing Regulation (EU) 2015/207 (Annex III) [page 46], specifically the requirement for 
a two-step analysis where the first step is usually based on (mainly qualitative) MCA while the 
second step normally uses mainly quantitative methods (this may be interpreted that the second 
step should be based on CBA or the CBA would have the most weight in selection process); 

o Arup – the MCA includes a two-step analysis.  The first step uses 3 mainly qualitative criteria 
to screen the options based on the overall project objectives.  The second step involves a 
mixture of quantitative and qualitative assessments with 85% of the weighting associated 
with the quantitative assessment.  Of the overall weighting 50% is associated with financial 
and economic criteria; 40% with environmental criteria; and 10% with other. 

We note that 2.1.4(3) of Annex III of Commission Implementing Regulation (EU) 2015/207 
states that “if different alternatives have the same, unique objective and the same or very 
similar externalities, it is recommended that the selection should be based on the least cost 
solution per unit of output produced taking into account the long term operating and 
maintenance costs associated with the option;”.  However, due to the environmental 
sensitivity of the area through which Lot 3.2 passes, a stage 1 screening process based 
purely on the CBA is not deemed to be totally appropriate; however the CBA is one of the 
parameters used. 

o It is also recommended to leave some flexibility for when the input data for the MCA becomes 
available at the end of this year. It is difficult to judge in this moment to which variables the 
outcome of the MCA is most sensitive, and if the results of the MCA as proposed now are robust 
and balanced. The methodology should include sensitivity analysis to allow conclusions on 
robustness of the MCA results. 

o Arup – the MCA includes a sensitivity analysis that (a) increases the environmental 
weighting at the expense of the financial weightings; and (b) increases the financial 
weighting at the expense of the environmental weighting.  Text on the sensitivity analysis 
has been included in Section 6 of the MCA report. 

4.3 Stage 1 Assessment: 

o The Stage 1 assessment is a sort of a screening where all alternatives with so called ‘fatal flaws’ 
will be eliminated. It appears that already at this stage all currently known alternatives, except 
for “Dual carriageway” and its sub variant “Staged dual carriageway” will be eliminated, based 
on geometry severity, environmental, and/or economic impact. It appears therefore that only 
one real variant will enter the Stage 2 assessment. This should not be an objective of the Stage 
1 and should be avoided; 

o Arup – The stage 1 assessment is a screening of alternatives that do not meet the project’s 
key priorities.  If the priorities are not met then this would be the appropriate time to remove 
the alternatives; it also highlights any issues about the alternative that might possibly be 
amended to produce a future variant that would meet the project objectives.   
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If an alternative, for example, is not economical then a project based on this alternative 
would not receive funding and hence this would be the best time to reject the project. 

o Justification and reasoning behind selecting the given ‘fatal flaws’ criteria is not fully presented. 
It also appears that the Geometry Severity criterion is partially double-counted as its aspects 
should be already reflected in the Economic Feasibility criterion if assessed properly (e.g. by 
considering free flow speeds (VoT) and gradients (VOC) etc. within the CBA); 

o Arup – the Geometry Severity is included as a separate criteria to remove any alternatives 
where the alignment’s vertical and horizontal geometry would produce a project that was 
less suitable than would be anticipated for a highway in this location.  Note that the worst 
qualitative scoring of this would be “less than favourable” and it is not anticipate that any 
route options that comply with the appropriate standards would be rejected. 

NCSIP – the main problem with long sections with high longitudinal grades is safety. High 
grades increase the difference between the speeds of cars and HGVs when ascending. 
This effect can be quite substantial – for example AASHTO’s Policy on Geometric Design 
of Highways and Streets (1994) states “the accident involvement rate increases significantly 
when the truck speed reduction exceeds 15 km/h with the involvement rate being 2.4 times 
greater for a 25 km/h reduction than for a 15 km/h reduction”. When descending, breaking 
of HGVs becomes an issue and cause of accidents. The simplified CBAs for all 16 
alternatives do not (and could not reasonably be expected to) monetarise these effects, as 
they are difficult to model, and there is no double counting. 

o It is not clear from the description of the Environmental Scoring how exactly the two presented 
criteria (impact on special protected areas & impact on Natura 2000 sites) will be considered 
and combined;  

o Arup – the environmental impact screening was undertaken by EPRD and it looked at the 
impact of each of the original 10 alternatives and whether their impact could in any way be 
mitigated.  Further work is being undertaken by NCSIP on the new alternatives.  The 
findings from the work by EPRD form the basis of the assessment. 

o NCSIP – the approach to environmental evaluation is now described in section 6.5 on 
NCSIP’s MCA report.  

o It should be noted that the CBA framework for the project is still under development, and only 
when required data is available and  opened issues are clarified (e. g. VoT is not yet decided 
on the national level), the results from the analysis could be used in the MCA. From the 
description it is also not clear whether the CBA indicators used here are intended to be used for 
the analysis  of Lot 3.2 only or the entire motorway (all Lots); 

o Arup – Due to the short length of Lot 3.2 some of the CBA benefits associated with the total 
length of the project are utilised, e.g. time saving.  For other parameters, such as accident 
savings, a more specific value to just Lot 3.2 is proposed to be utilised. We understand that 
the VoT has now been agreed and that the revised CBAs are being prepared taking into 
account the revised VoT. 

o NCSIP – the CBA model used for the development of the mini CBAs in the latest version of 
the MCA report has been updated to reflect JASPERS’ comments from 18 May 2015 and 
28 May 2015. It is yet to be reviewed again by JASPERS. The MCA will not be finalised 
before the CBA model is finalised. 

4.4 Stage 2 Assessment 

1. While the proposed Stage 2 MCA framework is comprehensive and based on the MCA prepared 
by Arup in 2011 for the whole Struma Motorway, it would be beneficial if the Consultant could 
substantiate better the introduced changes, which obviously take into account the specifics of 
Lot 3.2, and provide for better capture of the differences of the alternatives; 

o Arup – the report include a section that describes the changes from the 2011 assessment.  
A table is included, which indicates both the changes to the values of the waiting and the 
revised indicators.   

2. The proposed scoring methodology should consider the fact that the traffic forecast and the 
CBA for all project variants will be available. The CBA is a method that analyses the project 
impact (cost and benefits), translates them into common denominator (currency unit) and 
compares their efficiency (in the form of ENPV, EIRR or B/C ratio) in the most transparent and 
objective way (compared to subjective scoring and weighting). Evidently, CBA is not able to 
capture all project impacts but certainly it does capture the main ones. It is therefore logical to 
assign most weight to the CBA indicator, say 60 – 70%, and to leave the remaining 30-40% 
available for other aspects not considered in the CBA. Here the most relevant appears to be 
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environmental impact, risks (floods, landslides, earthquakes, etc. – although these would in part 
be reflected in the project cost) and social preferences (e.g. traffic safety?); 

Arup – when considering the specific issues associated with Lot 3.2, i.e. the nature of the area 
this sections passes through (Natura 2000 areas and protected species habitats) needs to be 
taken into consideration.  As such the financial and economic indicators have been assigned 
50% of the weighting with environmental indicators assigned 40%. 

The MCA includes a sensitivity analysis that (a) increases the environmental weighting at the 
expense of the financial weightings; and (b) increases the financial weighting at the expense of 
the environmental weighting.  Text on the sensitivity analysis has been included in Section 6 of 
the MCA report.  In (b) the percentage of the weighting given to the financial and economic 
indicators is increased to 60%. 

3. The most practical indicator of an economic impact is the B/C ratio which could replace a number 
of individual financial and economic criteria (capital cost, O&M cost, accident savings, time 
savings, VOC savings, other benefits) and also avoid the need for determining the relative 
weight between those criteria (e.g. 1 EUR of time savings is weighted less than 1 EUR of 
accident benefit, but more than 1 EUR from VOC savings?); 

Arup – the use of separate indicators from the CBA allows for the emphasis to be placed on 
project priorities such as accident savings. 

4. The use of project readiness criterion could be controversial given the advanced preparation of 
the tunnel variant and the forthcoming design contract for the Dual carriageway one; 

Arup – We agree but project readiness is aligned with the potential opening of the project.  As 
such it is still used as an indicator but is given a low weighting. 

5. In general, better explanation of the criteria in terms of what exactly is to be considered for 
evaluation for each of them should be presented; 

Arup – explanations of the methodology utilised in undertaking the assessments has been 
included in the MCA report. 

6. Environmental criteria should include all Climate Change aspects, not just mitigation 
(emissions), but also adaptation (resilience) – see below for more detail; 

Arup – emissions are the main issue that is reviewed.  Resilience would be part of the design 
brief for the project. 

7. Given the importance of seismicity aspects on technical solutions presented by NCSIP this 
should be properly considered within the scoring framework and its impact on the proposed 
alternatives adequately assessed (e.g. in case of the proposed ‘double-decker’ solution 
considered within the ‘dual carriageway’ alternative); 

Arup – Seismic issues would be considered as part of the cost of the project.  

8. Criterion under ‘Level of Service’ could possibly be left out from the assessment since the impact 
is captured by traffic modelling and then CBA.  

Arup – The CBA looks at the cost benefits for the whole of the Struma Motorway project.  The 
Level of service criteria allows a review of the various alternatives proposed that are specific to 
Lot 3.2. 

5.2 Data collection and analysis – Cost Estimates: 

1. It should be analysed whether for the mitigation measures one and the same percentage should 
be used regardless of the type of the infrastructure created; 

Arup – NCSIP to review as part of the costing exercise. 

NCSIP – the percentage should perhaps be different but is difficult to estimate and is not 
expected to significantly influence the end results. 

2. It is not clear whether the cost of the electricity and water supply lines for the tunnels is 
considered in the cost estimates. Sometimes power lines and power installations could be 
extensive and difficult to build in environmentally sensitive areas.  

Arup - NCSIP to review as part of the costing exercise. 

NCSIP – the estimates have been revised accordingly. 

5.3 Data collection and analysis – Traffic Forecasts: 
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1. It is advised that the performance of all variants is analysed with the same traffic model, to 
account for different speed profiles and junction locations, the additional work for the modelling 
team is relatively minor; 

Arup – NCSIP to review. 

NCSIP – multiple model runs have been made to come up with traffic forecasts for all 16 
alternatives. The results are presented in the MCA report. 

2. The MCA report mentions the poor traffic safety record of the existing road, but provides no 
relevant data (e.g. location of the accidents, reasons, consequences - fatalities, trends, etc.). 

Arup – NCSIP to review. 

NCSIP – accidents data is now provided in Chapter 2 of the MCA report.  

5.4 Data collection and analysis – CBA: 

1. The economic feasibility indicators to be used here should be based on a reworked CBA with 
its methodology consistent with JASPERS recommendations presented and agreed during the 
technical meeting in Sofia on 28 May 2015. With and without project options need to be correctly 
defined for each of the alternatives in order to provide comparable results. 

Arup – NCSIP to review. 

NCSIP – the CBA model used for the development of the mini CBAs in the latest version of the 
MCA report has been updated to reflect JASPERS’ comments from 18 May 2015 and 28 May 
2015. It is yet to be reviewed again by JASPERS. 

5.5 Data collection and analysis – Environmental analysis: 

1. Considering the new requirements of Regulation 1303/2014 related to integration of climate 
change aspects in the project preparation and the recommendations for inclusion of them in the 
option analysis provided in the Guide for CBA of Investment Projects, December 2014 (Chapter 
2.6.3 Environmental and climate change considerations and elsewhere), we would like to draw 
attention to the need to have similar such criteria in the MCA (some are already included in the 
submitted MCA framework). It is not obligatory that they all are instrumental in capturing 
differences between the alternatives, but it would be useful for the MCA to show that they were 
considered during the assessment process. In order to help, we are copying below the relevant 
aspects taken from the Annex II of the Commission Implementing Regulation 2015/207 (Format 
for the submission of information on a major project for programming period 2014-2020) to be 
considered:  

o Section D.2.1 iv): Risks involved for each alternative considered, including risks related 
to climate change impacts and weather extremes; 

o Section D.2.2: Criteria considered in selecting the best solution (with ranking of their 
importance and method of their evaluation, reflecting the outcomes of the climate change 
vulnerability and risks appraisal and of the EIA/SEA procedures as appropriate (see: 
section F below)) and justification for the option chosen in accordance with Annex III 
(Methodology for carrying out the cost-benefit analysis) of the draft Implementing 
Regulation); 

o Section D.3.2: Justification of the choices made (project scope) with regard to climate 
and natural disaster risks assessment (where relevant). 

o Section D.3.3: Environmental, and climate change mitigation (GHG emissions) and 
adaptation aspects (where applicable)  

o Section E.1.1: Description of methodology (description of compliance with the 
Implementing Act on methodology for cost benefit analysis and exceptions to the 
application of the methodology, key assumptions made in valuing costs (including relevant 
cost components considered – investment costs, replacement costs, operating costs), 
economic benefits and externalities including those related to environment, climate change 
mitigation (including, where relevant, incremental greenhouse gas emissions in CO2 
equivalent) and climate change resilience and disaster resilience, and the main findings of 
the socio-economic analysis and explain the relationship with the Analysis of the 
Environmental Impact (see: section F below) as appropriate; 

o Section E.3.3: Risk assessment including a list of risks to which the project is exposed, 
the risk matrix and interpretation and proposed risk mitigation strategy and the body 
responsible for mitigating the main risks such as cost overruns, time delays, demand 
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shortfalls; special attention should be given to environmental risks, climate change related 
risks, and other natural disasters related risks. 

o Section F.1.1: Does the project contribute and take into account the environmental policy 
objectives including climate change (as guidance, please consider the following: resource 
efficiency, preservation of biodiversity and ecosystem services, reduction of GHG 
emissions, resilience to climate change impacts etc.). 

o Section F.8.1: Does the project contribute to climate change targets in accordance with 
EU 2020 strategy, including information on climate change-related expenditure in line 
with Annex III to the Commission Implementing Regulation (EU) No 215/2014. 

o Section F.8.2: How was the volume of the Greenhouse Gas (GHG) externality and the 
external cost of carbon assessed? What is the shadow cost of GHG and how has it been 
integrated into the economic analysis? Was a less carbon intense or based on renewable 
sources alternative been considered? Has a climate risk assessment or vulnerability 
screening been carried out during the preparation of the project?  How did the analysis and 
ranking of relevant options take into account climate issues? Have climate change issues 
been taken into account as part of SEA and EIA and have been checked by the relevant 
national authorities? How did the analysis and ranking of relevant options take into account 
climate issues? How does the project relate to the national and/or regional strategy for 
adaptation to climate change?  Will the project in combination with climate change have 
any positive and/or negative impacts on the surroundings?  Did climate change influence 
the location of the project?)1 

o Section F.8.3: Explain what measures have been adopted to ensure resilience to current 
climate variability and future climate change within the project. How was climate change 
taken into consideration when designing the project and its components, for example with 
regard to external forces (e.g. wind load, snow load, temperature differences) and impacts 
(e.g. heat waves, drainage, risk of flooding as well as prolonged dry periods affecting e.g. 
soil characteristics) 

o Arup – Part of NCSIP’s analysis.  However it should be noted that at this initial stage a 
simplified approach to climate change is being assessed.  Future climate change, e.g. 
impact on rainfall intensities, is normally assessed within the design criteria associated 
with the later stages of a project rather than the initial feasibility stage.  

It is advised that under climate change criteria to consider for each alternative both project’s 
impact on climate change (mitigation aspects) and the impact of climate change on the project 
and its implementation (adaptation aspects). As a starting point, it is recommended to identify 
vulnerabilities to climate change in the area of the project, using information provided in the 
National Adaptation Strategy or other relevant national documents, if any. 

Arup – NCSIP to comment 

NCSIP – Agreed. This will be done as part of the stage 2 assessment. 

1 For additional guidance on climate adaptation/resilience please refer to DG CLIMA project managers 
guidelines: 
http://ec.europa.eu/clima/policies/adaptation/what/docs/non_paper_guidelines_project_managers_en.pdf 
and the and the EIA/SEA guidance documents: http://ec.europa.eu/environment/eia/home.htm 
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Appendix 8 JASPERS’ comments after MCA discussion on 13 July 2015 

 

Directions to improve the MCA document: 

• In the analysis of the existing situation more information should be presented 
regarding the animal mortality rate. As this is taken forward as one of the main 
issues to be addressed it should be clear why. NCSIP is carrying out monitoring of 
the mortality in the gorge and should have data on this. 

NCSIP: the data regarding the mortality rates and the locations and density of the 
accidents has been used in the Stage 2 evaluation to forecast the impact of the 
different alternatives on the wild animals in the area. Based on this data the number 
of groups of animals that may be affected by each alternative is evaluated and 
scored. 

• In the description of the alternatives it should be indicated which of the deficiencies 
in the current situation are addressed and resolved (and how). 

NCSIP: the descriptions in item 7.1 are extended accordingly. 

• The description of the environmental impact scoring used in Stage 1 is considered 
misleading. Currently it is not based on quantification of the impact but “pass” or 
“fail” is determined on only two considerations – was the alternative rejected in the 
previous EIA and/or is it impacting one of the three protected areas in the region of 
the project. 

NCSIP: indeed the Stage 1 assessment does not include quantitative criteria; Stage 
2 of the assessment does (as described in section 5.5 and Appendix 6 of NCSIP’s MCA 
report, Daft 3). 

• Although at least in two places in the MCA (e.g. pages 33 and 51) it is stated that 
the economic feasibility scoring is based on the CBA results from the whole Struma 
MW our review of the provided Excel model indicates that results are only for Lot 3. 
It looks as though, although traffic forecasts for all alternatives were produced, only 
one was used for all CBAs. Equally some of the benefits from the operation of Lots 
3.1 and 3.3 after their commissioning are not taken into account. Hence, the results 
should be checked and probably reconsidered. Currently JASPERS is analysing the 
revised version of the CBA provided last week and more detailed comments will be 
provided to NCSIP soon.  

NCSIP: a number of issues related to the mini-CBAs have been fixed in Draft 3 of 
NCSIP’s MCA report and the CBA is indeed for the whole Struma. The detailed traffic 
forecasts has been used to model the environmental effects in Stage 2. Whereas the 
traffic figures are similar for all alternatives, in the mini-CBAs one forecast has been 
used. This is not considered oversimplification, as clearly the differences between 
the alternatives are not on the benefits side but mostly on the costs side. 
Furthermore, the B/C ratios from the mini-CBAs are not used to rank the alternatives 
but only for the Stage 1 screening.  

• Given that the results from the CBA are used for direct elimination of the 
alternatives which could not score B/C ratio > 1 its correctness in absolute terms as 

 



 

well a relative terms is very important. In this respect the answer of Arup that 
geological data, seismic risk, resilience, etc. are taken into account in the cost and 
via it are included in the MCA is acceptable but we still have some serious concerns 
on this issue (e.g. how the cost for the Western alternative is established as it only 
recently appeared and it is not clear to which level design exists). More transparency 
is needed on this issue and probably verification/analysis by Arup as well.  

NCSIP: as a consequence of the discussions held at the 13 July 2015 meeting with 
DG REGIO and DG ENV alternatives with B/C < 1 are no longer discarded at Stage 1. 
The cost of the Western alternative has been calculated using the same method as 
the one used for the cost estimates of all other alternatives (presented in Appendix 
2). 

• In the presentations of the environmental impact of the Dual carriageway 
alternatives it is stated that they don’t affect the protected areas because they pass 
with “a long tunnel through the Kresna Gorge” (p. 89 and 91). This is something new 
for us, could ARUP/NSIP elaborate? 

NCSIP: this is a typing error and has been fixed in Draft 3 of the MCA report.  
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1. Introduction 

The expert assessment is elaborated on the request expressed in letter from National 
Company Strategic Infrastructure Projects, Bulgaria. It syntheses the studies on the 
seismotectonic conditions along the route of the variants for constructing the LOT 3.2 of 
Highway “Struma” – by 15 km tunnels (2 tubes) for the segment “Krupnik – Kresna” or by 
bridges and short tunnels for the same segment. Basic data have been used from previous 
studies for the design of the highway, the studies concerning the safety of the trans-border gas 
pipeline for Greece, as well as some other unpublished reports and published papers, listed in 
the References. Unpublished author’s information was also taken into account. Data for the 
earthquakes are representative and there are based on known national and international 
sources.  

The general seismological background is discussed, as well as the normative documents 
for the anti-seismic design in the area. A special attention is paid on the local seismotectonic 
conditions – the position and the characteristics of these active faults that could impact 
directly the designed facilities. The nature of such one analysis could not be a base for 
separated characterization of every highway variant, because the expected strong impacts 
from the tectonic structures in the area are the same for the closely disposed route variants.  

The variants of the highway for the segment “Krupnik – Kresna” are a part of the Third 
LOT of Struma Highway, starting from its crossing with the route from the city of 
Blagoevgrad to Stanke Lisichkovo (km 358+500) and ending near the railway station of 
Sandanski (km 419+000). The route of the highway LOT 3.2 (Fig. 1) is situated in one of the 
most seismically active area from this part of Balkan Peninsula. The earthquakes are of 
shallow type, and core genesis. The earth prone zones having the most important impact on 
the concerned segment of the highway will be presented here bellow. 

Published data for the contemporary horizontal and vertical movements will be discussed, 
because they are an important element for characterization of the activity of the geological 
structures. 

For the analysis of the seismotectonic conditions data from the area included inside the 
coordinates represented on Table 1 have been used. This area was chosen because it contains 
all known active faults that could impact directly or indirectly the future facilities of the 
highway. The direct impact is expressed as displacements from active fault crossed by the 
highway, and the corresponding damaging of the concerned route construction. The indirect 
impact could be expressed as strong seismic shaking from earthquake sources (active faults) 
that are not obligatory at the nearest vicinity to the concerned structures of the highway.    

Table 1. Coordinates of the area of the seismotectonic characteristics 

Projection UTM [m] Geographic 

X From 645000 to 687000 From 22.754705810 to 23.247409530 Eastern 
Y From 4619000 to 4667000 From 41.700820640 to 42.141706900 Northern 

 
This information for the two projections coordinates is necessary, because the data for the 

earthquakes from the national and international catalogues is presented in geographic 
projection. 

The Part “Other dangerous geophysical factors” will characterize in brief another source 
of unfavorable impacts, especially for the tunnels – the emissions of inert gas radon (Rn) from 
the active faults. 
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Fig.1. Variants of the routes of Struma Highway, LOT 3.2, segment “Krupnik – Kresna”. The 
variant of 15 km tunnel is marked by blue line. Red, green and violet lines delineate the other 
variants. 
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        2. Data and methods used for the study 
2.1. Seismic information 

Earthquake Catalogue – sources of information and accuracy 
 For the earthquakes before 1892 the information is not enough sure, it is based on 
personal communications, newspaper reports or chronics. The epicenters of these earthquakes 
have been evaluated with accuracy of about 0.3°. The accuracy of determination of 
earthquake epicenters increased to 0.1°-0.2° after the beginning of functioning of the first 
seismograph in Sofia City in 1905. Its installation was provoked by the catastrophic 
earthquake from 04.04.1904 with epicenter near the village of Krupnik. The strongest events 
affecting the studied area were recorded in the first half of the past century, data also exists 
for older events. The earthquakes from these periods were registered with low accuracy and 
only on the basis of macro-seismic effects they were related to some tectonic structures.  

After 1977 the Bulgarian National Seismic Network started the creation of modern 
National operative telemetric system for seismological information (NOTSSI) and the 
accuracy of the epicenters determination raised, the magnitude level of the recorded events 
dropped bellow М=2.0. Between 2006 and 2007 the recording analog devices of the national 
network were replaced by digital recording equipment.  

The data presented in the Catalogue of the earthquakes for the studied area are 
compiled from a number of accessible sources. They are: 

• Catalogue of Earthquakes. 1974, UNESCO; 
• CSEM European - Mediterranean hypocenters data file (1979 - 1985); 
• ISC (1964 - 1981). 1982.  
• Catalogue of International Sesmological Centre. Edinburg; Newbury, England, 

World's hypocentres data file (1939 - 1985) 1986.  
• USGS - NOAA, USA, World's hypocentres data file (1885 - 1985) 1986. USGS - 

NOAA, USA 
• The existing catalogues of the Laboratory of Seismotectonics (now Department of 

Seismotectonics) of the Geological Institute of BAS. These catalogues were compiled 
by some of above enumerated catalogues, but they are cleaned for duplicated events 
and they are supported and periodically upgraded since 1988. 
For the last 30 years revised and more accurate data from the International 

Seismological Center (ISC) have been used (The Bulletin can be accessed via 
http://www.isc.ac.uk/doc/cite/index.html). This Bulletin presents information from the local 
national networks for the given area (for the concrete case these are the centers in Sofia, 
Thessaloniki, Skopje, Athens, Beograd and others).      

Most of the historical earthquakes were evaluated with magnitude Мs. For 
homogenization of the data the requirements from two publications were applied (Shanov, 
Kurtev, 1994; Bayliss, Burton, 2007). In some cases the magnitude of the event is not shown. 
The zero for the magnitudes means that the earthquake is very weak, with magnitude bellow 
2.0.  

Principally, the less accurate parameter is the hypocentral depth. There is a tendency 
for giving more precise information, but especially for the weak earthquakes is prescribed the 
depth 0 (very near to the Earth’s surface).  

 
Earthquake recurrence interval 

The movement along the faults generating earthquakes can be represented as an effect 
of repeated seismic displacements. The most ideal model represents number of periods when 
deformations have been accumulated, followed by release of energy trough earthquakes. 
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Hence, it is an effect of cyclic seismicity that could be well studied for a given seismic zone, 
and that could be applied for statistical prognosis of the earthquakes. One of the most 
important elements of the seismic regime, describing the relationship inside a multitude of 
earthquakes for given space and time is the recurrence interval of the earthquakes.   
 The law of the earthquake recurrence interval is described by the relationship: 

                                                     bMaN M −=lg   

where NM is the number of earthquakes of magnitude М. The linear relationship is deduced by 
statistics of the strongest earthquakes in the world. But it can be elaborated for every region of 
the Earth, for every seismic zone. Normally, the relationship is normalized for chosen time 
interval. For the present study a cumulative variant of the relationship is used - NM is the 
number of earthquakes stronger or equal to a given magnitude level М. All data is normalized 
for a period of 100 years 
 The coefficients of the regression are of importance for the analysis of the seismic 
regime and statistical forecasting. The slope of the recurrence relationship is the first 
important parameter (the coefficient b of the linear regression). Bigger slope of the regression 
is due of the considerable quantity of weaker earthquakes and less often could be expected a 
strong earthquake. If the slope is smaller, strong earthquakes could be expected more 
frequently.  
 Because the coefficient а is the cross-value with the ordinate axis (lgN), it is very 
impacted by the quantity of data used. The earthquake focus is normally related to some fault, 
and the potential capability of this fault to generate earthquakes with appropriated maximum 
magnitude borders the recurrence relationship in the part of high magnitudes. The next 
limitation is for the interval of lower magnitudes. The sensibility of the seismic recording has 
increased considerably for the last decades, the seismic networks have been improved and all 
this has lead to decreasing of the level of the recorded magnitudes. But nevertheless the 
statistical information for the weak earthquakes is not sufficient and that is why the graphs of 
the recurrence relationship are not assured for the magnitude level bellow 3.0. 

Earthquake fault plane solutions  
Normally it is difficult to get sufficient quantity of sure data for the surface 

displacements and to give solution for the strike of the faulting. This problem is partially 
solved when using the records of the seismic waves from stations disposed at different 
azimuths relatively to the epicenter. The theory of the earthquake mechanism has been created 
at the 60 years of the past century. The basic idea is to present the final dislocation in the 
focus as equivalent of double-couple strengths with or without moment. The double-couple 
strengths with moment describes well the appearance of dislocation of the medium, the 
displacement along this dislocation and the emission of waves of “contraction” and 
“dilatation” recorded as first breaks with different polarity on the seismograms.  
 The information from the fault-plane solutions is used for determining of the most 
probable fault activated during the earthquake. It is used also for evaluation of the basic traits 
of the regional tectonic stress field. This helps the decision about the most probable tectonic 
displacements along faults that have potential characteristics for activity, but without 
manifestation for the historical time.  
 The present study uses published fault-plane solutions from earthquakes. These 
solutions are presented that have epicenters at the nearest vicinity to the route variants of the 
highway. The number of the available solutions is 23, the first one being from 1978. All 
earthquakes with fault-plane solutions are relatively stronger than the other events from the 
catalogue of the studied area. The quality of the solutions is depending of the number and the 
space disposition of the recording stations. These solutions were done after the optimization 
of the regional seismic network. The data is applied also for determining of the position of the 
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axes of pressure P and “tension” T. These axes could be accepted under conditions as 
reflecting the trend of the maximum σ1 and the minimum σ3 contemporary stress field for the 
region.  

Seismotectonic prognosis  
The evaluation of the seismic potential (Mmax) of well defined fault can be done using 

the empirical relationships between the maximum magnitude and the length of the rupturing 
(L). For the assessment of the maximum potential earthquake empirical relationships are used, 
deduced on data from the concrete region (if enough information is available), or from 
generalized relationships on the base of data from all over the world.   

The empirical relationships between the maximum magnitude and the length of the 
rupturing L [М=M(L) and L=L(M)], elaborated on the base of selected worldwide data or 
available regional data are presented on Table 2. From the multitude of published 
relationships were selected only these ones that are based on data from the Balkan Peninsula 
and the surrounding territories. 
 
Table 2. empirical relationships between the length of the active fault (L, km) and the 
magnitude М of the earthquakes that can be generated by it.  

N Empirical 
relationship 

Data Magnitude 
interval 

Source 

1 М=5.13+1.14 log L 150 (Eastern 
Mediterranean) 

5.0-8.0 Ambraseys and Jackson, 1998 

2 Log L=-2.44+0.59М 167(Worldwide data) 4.8-8.1 Wells and Coppersmith, 1994 
3 Log L=-4.09+0.82M 150 (Eastern 

Mediterranean) 
5.0-8.0 Ambraseys and Jackson, 1998 

4 Log L=-1.85+0.51M 21(Balkan Peninsula and 
the adjacent territories) 

5.8-7.4 B. and C. Papazachos, 1989 

5 Log L=-2.55+0.61 M 11 (Balkan Peninsula and 
the adjacent territories) 

5.8-7.5 Kiratzi et al., 1985 

6 Log L=-2.03+0.55 M 18 (Balkan Peninsula and 
the adjacent territories) 

6.3-8.0 Christoskov, Eneva, 1985 

7 М=0.90 log L + 5.48 36 (Eagean Region) 5.2-7.9 Pavlides, Caputo, 2004 

The method for determination of the displacement along an active fault is based on the 
relation between the moment magnitude Мw and the seismic moment М0. The transition from 
magnitude Ms to moment magnitude scale Mw is an important element of the process. The 
studies of Bayliss and Burton (2007) for the territory of Bulgaria that the most acceptable 
relationship for the territory of Balkan Peninsula southern from the parallel N 43° is: 

Мw = 0.56.Мs + 2.66 
The definition of the Moment magnitude is: 
                                                Mw = (2/3) log10 (M0)-10.73                                                   
Here M0 is the seismic moment [dyne-cm]. By definition: 
                                                 M0=μAD                                                                   

Where μ is the Shear Modulus (often denoted by G in the engineering geology), A = the 
ruptured fault surface, D = the average displacement along the fault. For the earthquake foci 
conditions in the Earth’s crust the value μ = 3.3 x 1011 dynе/cm2 is widely accepted. The 
surface of the fault is е: 
                                                A = LW                                                                       
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Where L is the length of the activated fault segment, and W is the width of the fault surface 
(practically the depth of the focus). 
 

2.2. Active faults 

Active faults are these faults along which surface or near surface rupturing could 
appear. The release of energy is cyclic and it is realized by faulting. Practically the sudden 
rupturing is the earthquake itself. The magnitude of the earthquake effecting surface 
rupturing, as a rule, is higher than 5.5. It is accepted that the impact of the earthquakes of 
magnitude lower than 5.5 is negligible (Vittori, Comerci, 2004) and every facility designed 
according to the corresponding seismic coefficient Kc, taking into account the coefficients of 
importance and the type of the construction, will not be damaged.  

Two are the aspects of the hazard (following Shanov, Dobrev et al., 2008): 
1.  The first one is related to occurrence of earthquake of magnitude higher than 5.5 

during the period of exploitation of the facility. Such one earthquake can provoke important 
co-seismic deformations on the Earth’s surface even remotely from the principal activated 
fault segments. Thus, the construction can be damaged even the fact that it was designed with 
high seismic coefficient Kc. The seismic coefficient is not taking into account the long-term 
co-seismic deformations of the Earth’s surface, the most important of them being the 
rupturing and the considerable level changes in the near fault vicinity.  

2. The second one is related to the zone of inter-crossing of the facility with active 
fault. In this case, the occurrence of earthquake of magnitude 5.5 and higher along the given 
fault, rupturing can appear to the Earth’s surface that can impact directly the structure of the 
highway. More, along some of the active faults constant horizontal and vertical movements of 
the Earth’s blocks have been recorded without strong earthquakes. These movements can 
accumulate long-term deformations in the facilities in the zones of their crossing by active 
faults.  

The cyclic realization of the surface rupturing of the given fault structure leads to 
important irreversible changes of the relief and differences of the surface structure of the two 
Earth’s blocks bordered by the fault. The traces of the previous rupturing are detectable using 
a set of specific geomorphological, geological and geophysical methods. The suggestions for 
studies of the active faults are very well presented in the documents of the International 
Atomic Energy Agency (IAEA) (Safety Guide, 2002).  

The recognizing and the mapping of the active faults is done at two stages 
consequently. The first stage cover the medium scale studies for identification of the 
lineaments probably with relatively young tectonic genesis (about 7 millions of years) that are 
crossing the route or that are at its nearest vicinity. The purpose for realization of future 
rupturing is the condition that the kinematics of the fault has to correspond to the 
contemporary tectonic regime. The faults not responding to this condition are ignored. The 
second stage includes detailed on site studies and analyses of the collected data. The detailed 
studies have for aim to prove or to reject the existing of young rupturing (during the last 
100 000 years) the exact localization of the rupturing at the nearest zone of the linear facility 
and preliminary assessment of the fault characteristics. The present study uses the results from 
the investigations for the safety of the gas pipeline Bulgaria – Greece, they respond exactly to 
the modern requirements for studies of linear facilities. The methodology and the results have 
been reported at international forum (Shanov et al., 2010). 

 
Medium scale studies (1:100 000) 

The lineaments of probable tectonic origin can be recognized by morphological 
analysis of thee digital model of the surface SRTM3 and the satellite images ASTER, 
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LANDSAT ETM, and such as these from Google Earth when using the worldwide applied 
methodology. The fault scarp and the accumulation of fault coluvium are the primary fault 
indicators reflecting directly the traces from previous faulting. The changes of the width of the 
flood terraces, the change of the river bed direction, asymmetric and deep valleys and  gullies 
cutting principal relief forms, high and escarped relief in the elevated blocks and quiet and 
slanting relief on the subsided blocks. The one-side developed Neogene and Quaternary 
basins are the secondary traits for recognizing the lineaments of tectonic origin.  

The selected lineaments were compared with the faults and the structures from the 
Geological Map of Bulgaria in scale 1:100 000, with the existing generalization on the 
Neotectonic and the active tectonics in SW Bulgaria (ASPELEA, 2000; Zagorchev, 2006; 
Georgiev et al., 2006; Tranos et al., 2006), the gravity anomalies and the surface of 
Mohorovitchich (ASPELEA, 2000) and with the recorded seismicity. Today tectonic regime 
is evaluated on the base of the existing extension and the form of the young sediment bodies, 
the contemporary surface processes, the recent horizontal (Kotzev et al., 2006; Georgiev et 
al., 2007) and vertical movements (Georgiev et al., 2007), the today stress field using the 
focal fault-plane solutions (Shanov, unpublished data) and the tectonic stress fields 
reconstructions based on structural analysis (Tranos et al., 2008).  

As a result from the medium-scale studies, the faults and the lineaments with the 
bigger probability to be capable for surface rupturing. Such type of studies for the concerned 
region have been done in 2009 (Shanov, Dobrev et al., 2009).   

 
Detailed studies (1:25 000) 

The field studies include visits of the sites with faults supposed to be active, 
determined during the first stage. The activity of the studied fault is approved by forms of the 
relief. Structures and sedimentary bodies created by the surface faulting. Applying 
geophysical methods as electrical profiling (electrical tomography) and vertical electrical 
sounding, as well as handy holing, information is collected for undoubtedly confirming or 
rejecting of the these for the presence and the activity of the fault, the structural peculiarities 
and the traces of cyclic surface rupturing. This type of studies was performed for the area 
from the town of Dupnitsa to the village of Mechkul in 2007. The area of Kresna was not 
included (Shanov, Dobrev et al., 2008).   

 

2.3. Contemporary movements 

The quantitative assessments of the movements of the Earth’s crust, together with the 
seismological and the geological information, are of critical importance for the evaluation of the 
seismic hazard and the behavior of the tectonic structures.  

Data for the horizontal movements of the Earth’s crust in Bulgaria till the beginning of the 
years 90th of the past century were missing. Attempts for evaluation were done only for separated 
localities but the obtained results were unsatisfactory taking into account the accuracy of the 
measurements.  

The data for the vertical movements of the Earth’s crust for the territory of the entire country 
were published by maps of the vertical movements (Hristov et al., 1973; Totomanov, 
Vrablianski,1980; Totomanov, Vrablianski  - in Boncev et al.,1982, Map № 73). The velocity 
of the movements was obtained after processing 2 or 3 cycles leveling measurements of the 
National Leveling Network (Fig. 2). The different maps, taking into account different factors, 
show unconformity even contradictory information for the vertical movements. For the area of 
Kresna Gorge, after precise leveling measurements in 1970, analysis of the vertical block 
movements was done (Vrablianski, Milev, 1973), lately this information was re-interpreted (Milev 
et al., 1997).  
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Fig.2. Scheme of the precise leveling lines for the studied segment of Highway “Struma” 

 
Contemporary state of the art  

The existing infrastructure (permanent GNSS stations) in the country, as well as the 
developed network of sites for periodic campaigns for GPS measurements, and especially for the 
area of Southwestern Bulgaria, permit to execute permanent monironing of the Earth’s crust 
movements on the base of the obtained velocities of the sites and the time series with the 
coordinates of the stations. This monitoring has been done by the ex-Central Laboratory of 
Geodesy of BAS that is now Department in the National Institute of Geophysics, Geodesy and 
Geography of BAS.  

The recorded till now data from Bulgaria and Northern Greece prove the general tendency of 
the contemporary movement of the Earth’s crust to South. The velocities increase from 2 mm/y in 
the area of Central Western Bulgaria to 10 mm/y at Halkidiki Peninsula. It was created a profile 
with a length of 400 km oriented North-South along the valley of Struma River showing the 
increase of the velocities from Stara Planina Mountain to Halkidiki Peninsula. The increasing of 
the velocities from North to South confirm the extensional regime of this area (Georgiev, 2011; 
Georgiev et al., 2013). 

The contemporary monitoring network permits to record more precisely the velocities of the 
vertical movements. Information concerning these records has been related to the of the concrete 
tectonic structures especially for the studied area of South Western Bulgaria (Georgiev et al., 
2002; Georgiev et al.,2007). 

Especially for the concerned area information exists from the geodetic measurements, but 
also from the installed and functioning 3 extensometric stations, measuring continuously the 
movements along active fault segments around Krupnik Fault (ex. Dobrev et al., 2005; Dobrev, 
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Avramova-Tacheva, 2007). Beside the information for the velocity of the fault deformations, 
these data have prognostic character for the seismic processes in this part of the Balkan Peninsula 
(Shanov, 1993; Shanov, Dobrev, 1997).  

 
3. Analysis of the existing normative basis for the seismic characteristics of 

constructions in seismic prone areas 

According to the REGULATION № РД-02-20-2 from the 27th of January 2012 for 
designing of buildings and facilities in earthquake zones (Published in State Gazette, no 13 
of 2012; corr., no 17 and 23 from 2012), Al. 2 of Art. 15: “ On the Map of the seismic zoning 
of Republic of Bulgaria for the period of 1000 years (Annex № 5) and on the List of the 
agglomerations with values of the seismic coefficient from the Map of the seismic zoning of 
Bulgaria (Annex № 6) the values of Кs are noted by Arabic numbers near the value of the 
corresponding seismic intensity, marked by Roman numbers. For building sites with executed 
or foreseen micro-seismic zoning the values of Ks have to be taken from the data of the 
micro-seismic zoning”. I.e., for the designing of the future facility, if micro-seismic zoning is 
performed, the design procedure has to use its results.  

Nevertheless, the prescribed by the Regulation maximum values of the seismic 
coefficient Ks and of the intensity (scale MSK-64) are the minimum possible values for the 
design of every type of facilities in the studied area – tunnels, bridges, routes. From Annex 
№5 of Art. 15, al. 2 and Art. 106 (Map of the seismic zoning of Republic of Bulgaria for the 
period of 1000 years and Annex № 6 to Art. 15, al. 2 (List of the agglomerations with values 
of the seismic coefficient from the Map of the seismic zoning of Bulgaria) for the area of 
segment “Krupnik – Kresna” the highest for the territory of the country values are prescribed – 
intensity of the impact I = IX degrees and seismic coefficient Кs = 0.27. 

Practically the intensity of IX degrees can generate a larger scale of accelerations, the 
lower limit being 0.20 g, while the upper limit can rise to about 0.43 g (Okamoto, 1973). This 
is reflected in the documents for the national application of EUROCODE 8.  

In the National normative document, Art. 136. (1) prescribes: “When choosing of the 
tunnel route it is tectonic faults have to be avoid and soils of uniform seismic characteristics 
are preferred. According to al. (2) “In the areas of tectonic faults where they cross the tunnels 
and where movements of soil masses is possible, the necessary activities have to be performed 
for the safety of the facility”. For the concrete case the avoiding of the faults is impossible for 
the tunnel variant, as well as for every type of linear facilities in the area. The designing has to 
take into account the concrete tectonic situation.  

Eurocode  8 –characteristics for the area 
In 2012  Bulgarian Institute for Standardization has elaborated the national application 

for EUROCODE 8: CONSTRUCTIONS DESIGNING FOR SEISMIC IMPACTS. This 
document is edited in Bulgarian to the National Application EN 1998-1:2004, that is a part of 
БДС EN 1998-1:2004. Here will be discussed the requirements for the construction in 
general, because the available documents have not specific demands especially for the route 
and tunnel constructions.   

Part 1: General rules, seismic impact and regulations for buildings   
Point 2.1(1) deals with the referent periods of earthquake recurrence TNCR for seismic 

impact responding to the requirement for no destruction (or the equivalent, referent 
probability for exidence for 50 years, PNCR). This period is determined at 475 years, and the 
referent probability for over passing is 10 %. For the entire studied area the referent value of 
the maximum acceleration for a period of 475 years is 0.32 g.  
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According to Point 2.2(1) the referent period of earthquake recurrence TDLR of the 
seismic impact  responding to the requirement for limitation of the damages (or the 
equivalent, referent probability for over passing for 10 years, PDLR) is determined at 95 years 
(consequently, the referent probability for over passing is 10 %). For the area of part “Krupnik 
– Kresna” the referent value of the maximum acceleration for 95 years is 0.15 g at the 
Northern border and 0.11 g at the Southern border. 

Besides, an additional map is presented in Annex D: Map of zoning of the territory of 
the country according to the referent maximum acceleration for recurrence interval of 1000 
years. From this map it can be seen that the area of LOT 3.2 is totally inside the zone of value 
higher than 0.40 g.    
 Part 5: Fundaments, timber constructions and geotechnical aspects   
 Here is given an important clarification, related to the decrease of the seismic 
acceleration at depth from the Earth’s surface. Practically, the tunnels will not be submitted to 
seismic impact at the level, calculated for free Earth’s surface. The values will be reduced to 
given level depending of the depth. Tunnels are represented in all variants of the route of the 
highway.  
 According to Annexe F – informative, NA.2.3 Point 5.2(2)Р с) Reduction of the 
maximum seismic acceleration in depth from the Earth’s surface:  

“If the presumption that the amplitude of the seismic movement (the maximum value) 
is diminishing with the increasing of the depth is accepted, it has to be approved from suitable 
study. The maximum value of the seismic acceleration at given depth could not be lower from 
the known р of the product αS (the maximum acceleration on the Earth’s surface). It is 
accepted that:  
for 0 ≤ z ≤ 10 m р = 1 – 0,01z;  
for  z > 10 m р = 0,9, where z is the depth from the Earth’s surface in meters”. 

4. Seismotectonic analysis 
The earthquake epicenter zones by definition are the projection on the Earth’s surface 

of seismogenic volumes where the seismic events are occurring. They have well defined 
seismotectonic characteristics. The seismic zones of the territory of Bulgaria have been 
defined on the base of the space distribution of the seismicity and the possible earthquake foci 
zones (Boncev et al., 1982). The seismicity outside Bulgaria impacting the territory of the 
country is related to seismic zones as: Vrancha (Roumania), Northern Greece, Aegean See, 
Edirne (Turkey) and the North-Anatolian Fault. For the purposes of the seismic zoning 
different variants of the earthquake foci zones were elaborated (Fig. 3 and Fig. 4). The 
possible impacts from these zones are reflected in the final coefficients of the regulatory 
documents. But the impact of Kresna Seismic Zone is dominant for the studied area and this 
zone predestinates all seismic characteristics directly applicable to any type of construction in 
the region.  

The variants of the route of Highway “Struma”, LOT 3.2 are practically situated inside 
Kresna Seismic Zone, they cross the principal active structures that had generated strong 
earthquakes. The impact of the active faults on the facilities will be trough direct deformations 
or trough dynamic impact – seismic accelerations.    
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Fig. 3. Map of the known seismic zones in 
the Eastern Balkan Peninsula (according 
to the map from the Balkan Project of 
UNESCO - UNDP/UNESCO Survey on 
the seismicity of the Balkan Region, 
1974).  

1. Seismic zone Vrancha; 2. Shabla 
Seismic Zone; 3. Sofia Seismic Zone; 4. 
Gorna Oriahovitsa Seismic Zone; 5. 
Struma (Kresna) Seismic Zone; 6. Maritsa 
Seismic Zone; 7. Seismic zone Chalkidiki 
(Greece); 8. Marmara Sea Seismic Zone. 

The earthquakes are historical (recorded 
before 1970) and the category of accuracy 
of their determination is showed on the 
Legend.  

 

 

Fig. 4. Map of the earthquake epicenters fo the period from 1973 till today (from NEIC).  The 
principal seismic zones are shown (the numbering of the zones is the same as on Fig. 3). 
Practically the same zones as the plotted on Fig. 3 are generating earthquakes, but the 
magnitudes are lower than these of the historical earthquakes.  
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4.1. Seismic characteristics 

Kresna Seismic Zone 
This zone is well known with the strongest earthquake in Europe for the last 200 years 

– from 04.04.1904. The coordinates of the epicenter have been determinate as 41° 48’E  and 
23° 07’N. The magnitude, according the evaluation from Pasadena (USA), was М=7.5, but 
data exists that they occurred two consecutive events of magnitudes 7.2 and 7.8. A number of 
revisions have been published, some of them have dropped the magnitude values even bellow 
7.0 (Ganas et al., 2005). Most probably the hypocenters of the main shocks, as well as the 
aftershock series during the next two years were related to the regional and very active 
contemporary Kresna Fault.   

The macro-seismic map of the earthquake from 04.04.1904 (Fig. 5) shows the impact 
of this earthquake (or pair of earthquakes) on the area of the studied segment of the highway 
with intensity between X and VIII degrees MSK-64. This is the strongest recorded impact for 
the area of the highway facilities. Krupnik Fault was and continues to be a generator of events 
of lower magnitudes.  

A catalogue of the earthquakes (magnitude Ms) has been compiled for the studied 
region. It collects the complete available information for the seismicity, recorded from 
historical time till November, 2014 for the region framed by the coordinates reported on Table 
1. The recorded seismic events are 697, the first one is dated from 896. The catalogue is 
disposable, if necessary, for the needs of other experts.  

 

 
 

Fig. 5 Isoseist map of the earthquake from 04.04.1904, compiled by E.Grigorova (from 
Shebalin, 1976). 
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4.2. Earthquake recurrence relationship 

The cumulative graph of the earthquake recurrence interval for the studied territory is 
elaborated on the base of the data in the catalogue of the earthquake (Fig. 6). The used data 
include all earthquakes, also these from the long aftershock sequence along the Krupnik Fault 
after the earthquake from 1904. The graph is normalized for a period of 100 years. The linear 
regression is: 

Lg N = 4.569 – 0.709 Ms 
From this relationship it could be calculated that from the active tectonic structures in the area 
can produce: 
 One earthquake of magnitude Мs>7.0 for a period of 250 years; 
 Two earthquakes of magnitude Мs ≥ 6.0 for a period of 100 years; 
 Ten earthquakes of magnitude Мs ≥ 5.0 for a period of 100 years; 
 53 earthquakes of magnitude Мs ≥ 4.0 for the period of 100 years. 

 

 
Fig. 6. Cumulative graph of the earthquake recurrence interval for the studied area. The graph 
is normalized for a period of 100 years. The coefficient of linear correlation is Кcor = -0.995. 

These prognoses are confirmed by the initial data, taking into account that the strong 
earthquakes are basically related to the main shocks from 1904 (long aftershock sequence): 

 For the period of 1118 years they were recorded 3 earthquakes of magnitude 
higher than 7.0; 

 For the period of 148 years is registered only 1 earthquake of magnitude 
higher than 6.0 and 2 earthquakes of magnitude higher than 7.0; 

 For the period of 111 years 10 earthquakes of magnitude Мs≥5.0 have been 
recorded. 

The result is logical, because the coefficient of linear regression is -0.995. Practically 
earthquakes of magnitude less than 5.0 will not especially damage the structure of the 
facilities, except in the case of shallow earthquake hypocenter or an activation of fault 
segment crossing the highway facility. Earthquakes of magnitude lower than 5.5 rarely create 
rupturing attending the Earth’s surface. 
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4.3. Contemporary tectonic stress field 
All the available data till 1996 was used for reconstruction of the directions of the 

main axes of the tectonic stress field for the Central Balkan Peninsula (Shanov, Boykova, 
1996). The published 155 fault-plane solutions from the Central Balkan Peninsula have 
permitted to draw the principal tendencies of the spatial position of the axis Р (tectonic 
compression) and axis Т (tectonic extension). On Fig.7 (from Shanov, Boykova, 1996) the 
concentration of Т-axes around the direction N-S (the dispersion cone is 45°) is clearly seen, 
while the Р-axes occupy large belt with orientation E-W with dominant concentration around 
the vertical axis. 

Statistical analysis performed on 107 fault-plane solutions from earthquakes by a team 
from the Geophysical Institute (Simeonova et al., 1993), denoted the stable tendency of 
grouping of the nodal planes at direction E-W, the groups with direction NW-SE and NE-SW 
were less expressive. For the period from 1981 to 1990 on the territory of Bulgaria 55 % of 
the fault-plane solutions were of normal faulting type, 35 % were evaluated as reverse faulting 
type and only 10 % were of strike-slip type. The same authors only for the territory of 
Bulgaria deduced as dominant the horizontal extensional stress trending NNW-SSE. For the 
direction of tectonic compression they comment the bad expressed tendency of grouping but 
the general trend E-W was noted. 

Another study for South Bulgaria was done on the base of 82 reconstructed 
mechanisms of earthquakes (Van Eck, Stoyanov, 1996). It has shown that for Struma Fault 
Zone the regime of extension is dominant, the axis of the maximum tectonic stress σ1 being 
vertical while the minimum tectonic stress axis σ3 is sub-horizontal directed N-S. These three 
publication discussing the contemporary tectonic stress field in the central part of Balkan 
Peninsula (Simeonova et al.,1993; Shanov, Boykova, 1996; Van Eck, Stoyanov, 1996) using 
different number of data for the mechanisms of the earthquakes, have achieved to the same 
general conclusions. 

 

 
 

Fig. 7, а. Scheme of the earthquake epicenters in 
Central Balkan Peninsula with fault-plane solution in 
the focal zone. 

Fig. 7, b. Stereographic projection in 
lower hemi-sphere of Р-axes (black 
circles) and Т-axes (empty circles) 
from the fault-plane solution in 
Central Balkan Peninsula (Shanov, 
Boykova, 1996). 

16 
 



 The trends of the principal axes of the maximum σ1 and the minimum σ3 tectonic 
stress are deduced using information from larger territory than the studied one (Shanov, 
Dobrev et al., 2008). The general tendency of E-W trending of the maximum tectonic stress 
axis and N-S trending of the minimum tectonic stress axis is clearly seen (Fig.8).  

 
Table 3 Earthquake mechanisms from the studied area (territory framed by the coordinates: 
Northern: 41.70 – 42.40 and Eastern: 22.80 – 23.30)  

 
№ Date 

[year, 
month, day] 

Time 
[Hour: 
min] 

Coordinates Depth 
[km] 

M Nodal planes Main stress axes in the focal 
zone 

North East Dip 
direction/Dip 

angle 

Direction/Plunge 

ºN ºE А С В Р Т 
1 1978/12/31 15:56 41.99 23.22 15 4.6 96/40 220/64 144/29 242/14 356/58 
2 1978/12/31 16:26 41.97 23.17 10 4.4 118/50 214/40 136/48 274/20 354/33 
3 1981/04/01 10:55 41.95 23.21 4 3.1 10/06 192/84 11/01 282/39 102/51 
4 1981/04/02 12:30 41.93 22.99 8 32 261/23 156/86 323/22 89/47 228/35 
5 1981/06/13 14:40 41.82 22.84 9 3.2 260/67 90/23 263/04 162/68 353/22 
6 1981/07/17 19:17 41.92 23.00 8 3.0 214/55 49/36 220/07 92/78 310/09 
7 1981/08/26 19:42 41.96 23.16 20 3.6 90/54 280/36 268/29 121/52 2/16 
8 1981/09/05 00.08 41.85 23.24 16 3.0 159/50 351/41 164/06 225/05 21/82 
9 1981/10/14 18:36 41.97 23.25 13 3.2 265/56 109/36 273/12 136/75 5/10 

10 1983/03/11 23:06 41.92 23.07 18 3.1 14/59 178/36 99/09 220/74 8/13 
11 1983/08/13 02.08 41.79 23.26 10 3.3 265/58 117/36 210/18 56/70 302/06 
12 1985/09/17 06:53 41.90 23.00 13 3.4 110/15 309/75 128/04 35/30 226/59 
13 1986/05/15 16:37 41.95 23.13 17 3.6 128/81 36/80 170/76 261/01 352/14 
14 1986/05/15 16:45 41.94 23.15 19 4.2 47/47 263/49 65/19 241/71 335/01 
15 1986/10/26 13:32 41.94 23.15 16 3.1 60/35 268/58 79/12 217/72 347/12 
16 1987/02/04 06.07 41.97 23.18 13 3.0 51/44 557/49 64/12 232/78 334/03 
17 1988/04/24 13:44 41.98 23.20 15 3.1 13/73 277/71 50/64 235/26 145/01 
18 1988/09/23 06:26 41.91 23.04 9 3.2 140/07 352/34 140/03 79/39 266/41 
19 1989/04/09 20:50 41.84 22.89 12 3.3 75/90 343/15 75/15    179/43    330/44 
20 1989/06/03 16:37 41.96 23.27 12 3.4 200/89 109/36 201/36 79/36 321/34 
21 1989/11/28 12:30 41.95 23.00 14 3.0 233/54 105/49 257/29 63/61 348/03 
22 1990/03/22 07:15 41.95 23.07 15 3.2 22/67 286/75 75/62 243/27 335/05 
23 1990/07/28 09:28 41.94 23.13 19 3.3 86/02 272/88 92/00 182/47 2/43 

 
Only a part of the used earthquake fault-plane solutions for this reconstruction are situated 
near the route of the highway, generally they are grouped northward from the Krupnik Fault 
(Table 3). The averaged orthogonal to each other planes containing the axes of compression  
(Р) and extension (Т) from the fault-plane solutions show clear sub-horizontal conditional 
“tectonic extension” directed NW-SE and NE-SW direction of the tectonic pressure, but with 
larger variation from sub-horizontal to sub-vertical position.   

Modeling of the stress using the method of Gephart and Forsyth (1984) based on 
earthquake fault-plane solutions is published for the area of Krupnik (Botev et al., 2006). 
Practically this is a reconstruction of directions of the stress axes σ1, σ2 and σ3. The solution 
is fully confirming the tendencies shown on Fig. 8 – the maximum stress axis (tectonic 
compression) σ1 is oriented N 920 with a plunge of 430, the intermediate stress axis σ2 is 
oriented N 2600 with a plunge of 330, and the minimum stress axis (tectonic extension) is 
oriented N 1790 with a plunge of 30. 
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Fig. 8 Reconstruction of the directions of the maximum contemporary tectonic compression 
and minimum contemporary tectonic compression (conditional tectonic extension) from the 
mechanisms of the earthquakes for the studied part of Highway “Struma”  
1 – earthquake epicenter with reconstructed mechanism; 2 – direction of the maximum 
pressure; 3 – direction of the minimum pressure; 4 – variants of the highway routes. 
 This analysis shows that the area is under regime of tectonic extension with general 
trend N – S and the active fault structures of normal fault type are crossed almost 
orthogonally by the highway routes variants.    

4.4. Contemporary movements 
Vertical movements  

The velocity of the contemporary vertical movements for the studied area, according 
to the published regional maps (Hristov et al., 1973; Totomanov, Vrablianski,1980; 
Totomanov, Vrablianski - in Boncev et al.,1982, Map № 73), is positive, about 1-2 mm/year, 
while the surrounding mountain structures of Pirin Mountain and Ograjden Mountain are 
uplifted with velocity of about 3 mm/year. 
 These maps are very schematic and they do not give enough possibility to study the 
character of the movements of smaller blocks of the Earth’s crust. 

Vrablianski and Milev (1973) have used the first category leveling of the country from 
1930 along the line Dospat – Sofia, re-measured in 1956 and they performed third leveling in 
1970. The analysis of the data has shown that the change of the sign of the exceeding 
differences between the consequently measured benchmarks in the area from Simitli to 
railway station Pirin coincides with the crossing of the principal tectonic structures 
determined by geological and geomorphological investigations. Three blocks were clearly 
determined (Fig. 9). For the first block, northern from Krupnik Fault the velocity of the 
contemporary vertical movements is in the frames from +0.8 mm/year at Simitli to 0 mm/year 
near Krupnik Fault. The second block, southern from the fault and westwards from the valley 
of Struma River shows tendency for subsidence – from 0 mm/year to -3.4 mm/year near the 
railway station Pirin. The third block, eastwards from the valley of Struma River shows 
highest velocity of uplifting - +1.4 mm/year at railway station of Kresna and +3.4 mm/year 
near railway station Yavorov.  
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Fig. 9 Scheme of the disposition of the blocks in Kresna Gorge (original scheme without 
corrections from Vrablianski, Milev, 1973). 
1 – Block I with medium values of the vertical movements; 2 – Block II with low values of 
the vertical movements; 3 – Blok III with high values of the vertical movements; 4 – Faults: А 
– Struma Fault; B – Krupnik Fault; С – Yavorov Fault; 5 - № of the block; 6 – numerator – 
the differences of the exceeding differences between the benchmarks, denominator – relative 
velocities in mm/year. 
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More recent publication re-interprets these data, the period of the repeated leveling 
being to 1991 (Georgiev et al., 2007). The last measuring of the first and second range 
leveling lines in SW Bulgaria were made in the periods 1978-1984 and 1983-1991.  
Especially for the part of the Highway “Struma” along the line Dupnitsa – Sandanski it is 
clearly evident the sharp changes of the velocities between the sites of Kocherinovo and 
Simitli, at Krupnik Fault and less expressive – near railway station Pirin (Fig.10).   

 
Fig. 10 Profile of the vertical movements velocity along the leveling line Dupnitsa - 
Sandanski (from Georgiev et al., 2007) 

Хоризонтални движения 
The horizontal velocities obtained from records of 38 GPS sites in SW Bulgaria show 

that the concerned territory south-southeastwards relatively Eurasia (Georgiev et al., 2007). 
The average velocity is 1.8 ± 0.7 mm/year (Fig. 11), the direction is N1540. Especially for the 
studied area, Krupnik Fault is the most important structure. The movement of site KRUP 
(geodetic site from the local geodynamic network near Krupnik) is towards north with 
velocity of 3 mm/year. This displacement is conform to the slope towards north-northwest of 
the plane of Krupnik Fault (normal fault N60-700) and its strike - N50-600. It is in agreement 
also with the reconstructions of the contemporary tectonic stress field (see Fig. 8 above), as 
well as with the published data (Shanov, Dobrev, 2000). The calculated velocity of the total 
deformations along the fault on the base of the extensometric studies recorded on one of the 
fault segments is 3.4 mm/year, and in this way the geodetic measurements have been 
confirmed. According to the extensometric measurements the slip component along the fault 
is left lateral. This is an indication for the slower movement of the northern block towards 
northeast relatively to the southern one, ore this could be an effect of right rotation of the 
southern block. The nearest GPS site northern from Ktupnik is the site near Kresna, and its 
displacement to southeast is with velocity of 2-3 mm per year. 

The tectonic units southwards from Krupnik Fault and eastwards from Ograjden Block 
are characterized by higher velocities of displacement southeastwards, and especially the 
northern part where are situated the sites KRES, GOST and VIHR. Similar trend of the 
movements, conforming to the principal trend for the all area, show the sites of Ograjden 
Horst. According to the paleomagnetic data on the territory of Macedonia (Pavlides, 
Kondopoulou, 1987), this part of Serbo-Macedonian Massif is 100 clockwise rotated from 
Oligocene time till Similar has been also the conclusion from the analysis of the Neotectonic 
and the contemporary stress field (Shanov, 1997). The sites CAPA, PETR and RUPI confirm 
completely the existing of such of rotation. 

20 
 



 
Fig. 11. Relative velocities to Eurasia from GPS records in SW Bulgaria. The ellipse of the confidence 
interval of 95% and the main tectonic blocks are shown (from Georgiev et al., 2007). 
 

A special study for the region Krupnik - Kresna (Georgiev et al., 2006) has demonstrated the 
normal faulting north-northwest on Krupnik Fault (Fig. 12). GPS sites 5 and 11 from the local network 
show that Simitli Graben migrates towards north-northwest. The comparison with the velocities of the 
sites KRES, ILIN and VIHR confirms clearly the regime of extension in the region. 

 
Fig. 12. Extension regime for the area of Krupnik – Kresna according to the data from GPS (after 
Georgiev et al., 2006). 
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4.5. Parameters of the active faults  

On Fig. 13 the faults, recognized as active from the previous studies in the area, are 
plotted. The epicenters of the earthquakes are also given from the selected catalogue for the 
region. Active are the faults having general strike NE-SW, evidently related to the seismic 
events in the area. Four faults are defined as active ones. Their seismotectonic characteristics 
are given here bellows. 

1. Stob (Rila) Fault 
Stob Fault, named also Rila Fault, is known as geomorphological structure limiting the 

SW flank of Kocherinovo Neogene Basin along the bed of Rilska River. The terrain 
investigations have detected surface rupturing from Holocene time in its NE part (Tranos et 
al., 2006). The same authors have reported that the rate of the vertical displacement of the 
adjacent to the fault blocks during the Holocene is 1.00 m, and the slip rate for the last 10 
thousands years is 0.14 mm/y. The existing information from the investigations gives the 
length of the fault at 10.8 km and it is closely related to the evolution of Kocherinovo Basin. 
A lineament with the same strike is recognized on the remote photos, westwards from the bed 
of Struma River. The lineament can be followed as segmented structure striking N 47° 
between the valleys of Struma River and Bregalnitsa River, being of total length of 30 km. 
The lineament is determined by predominant flatter relief at NW, delimitation of the large 
valleys of Holocene sedimentation in the NW block by the deeply incised valleys with sharp 
scarps of the SE Block (Fig. 13). In the valley of Bregalnitsa River a typical basin on the 
hanging block, controlled from the fault activity. The lineament is reveled as a structure on 
the map of the local gravitational anomalies. Recent seismicity of the structure is recorded 
near the beds of the rivers Rilska and Bregalnitsa.  

The morphology, the tectonic control on the Holocene sedimentation and the 
velocities of the contemporary vertical movements give reason to suppose the prolongation of 
Stob Fault south-westwards from the valley of Struma River. According to the empirical 
relationships of the slip rate and the length of the faulted segment, the reported by Tranos et 
al. (2006) Holocene faulting of amplitude of 1.00 m needs considerably longer fault segment 
then those of the SW flank of Kocherinovo Basin. Data is not existing about the possible 
prolongation of the structure towards NE.  

Speculating with the known length of fault - 40.8 km (the two known segments are 
included) an assessment of the possible maximum magnitude that can be generated by it. The 
average value from the used relationships from Table 2, the maximum magnitude of an 
earthquake that can be expected from the fault is Мs = 6.85±0.11. Translated in moment 
magnitude this value is transformed at Мw = 6.496. 
 The displacement in the epicentral zone of such one earthquake, following the 
relationships presented in Part 1, considering the length of the fault at 40.8 km and supposed 
depth of 25 km, is 20.5 cm.  
 If the presumption that during the last 10 000 years the whole fault has been activated 
by earthquakes is acceptable, and adopting the hypothesis for more or less strictly periodical 
occurrence of the strong earthquakes, the reported rate of 1 m of displacement during the 
Holocene can be obtained from 5 earthquakes of magnitude Мs = 6.85. The periodicity of the 
catastrophic events along the fault, for sleep rate 0.14 mm/y, is approximately 1 400 – 1 500 
years. There is no indications when the last event has occurred. 
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Fig. 13. Relief map of the studied area with the faults, recognized as active (base map: Digital 
model of the relief SRTM3) and epicenters of the recorded earthquakes till 05.11.2014. 
1 – normal fault; 2 – fault with unknown type of movement along it; 
Faults: 1. Stob (Rila); 2. Padesh; 3. Krupnik; 4. Yavorov; 
 
Earthquake epicenters of magnitude Ms:  
3 - 0÷1.9; 4 - 2÷2.9; 5 - 3÷3.9; 6 - 4÷4.9; 7 - 5÷5.9; 8 - 6÷6.9; 9 – more than 7; 
 

10 – variants of the routes of Highway “Struma”, LOT 3.2. 
 

2. Padesh Fault 
Padesh Fault forms a well expressed stepped fault scarp with amplitude till 270 m. 

Separated short segments are coupled and by overlaps and step backs of lengths less than 800 
m have formed continuous linear structure. The geomorphological expression of the 
lineament was followed from the valley of Struma River to the valley of Bregalnitsa River 
and its total length is 23.8 km. The strake is N 50°. The fault dipping is NW. The subsided 
NW block is characterized by lower altitude (in average 100 m) and by flatter relief (the slope 
of the topographic surface is 2-4° lower) compared to the elevated SE block. The fault is 
clearly expressed structure on the gravity field. The recent seismicity is concentrated inside 
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the block framed by Padesh Fault and Krupnik Fault. The space distribution of the seismic 
events gives reason to suppose the prolongation of this structure north-eastwards from the 
valley of Struma River as SE border of Blagoevgrad Basin south-westwards from the valley 
of Bregalnitsa River.   

The fault is controlling the Neogene, Pleistocene and Holocene sedimentation on the 
subsided NW block. Three typical basin have been formed on the hanging block: this one near 
the city of Blagoevgrad, the second is near the village of Padesh and the last one is in the 
valley of Bregalnitsa River. The stratigraphic interval of the basin sedimentation suggests 
Neotectonic and contemporary activity of the fault. 

North-westwards from the fault, in the valley of Struma River relatively higher 
velocities of the recent vertical movements were reported. The velocities from the two sites of 
the fault are different. 

Taking into account the fact that this fault was never described and recognized as an 
active fault till the studies performed in 2007, some additional detailed investigations have 
been done (Shanov, Dobrev at al., 2008). These investigations determined the presence of 
fault scarp and colluvium bodies near the fault – indicators for young, probably from 
Holocene time surface rupturing. They were discovered morphological forms of the relief 
than can be directly related to the contemporary activity of the fault. Geophysical profiling 
(Fig. 14) has shown clearly the geometric characteristics of the fault. The evident rate of 
displacement is about 25 m – a subsidence of the northern block. The fault dipping is near 
vertical north-northwestwards - the angle is about 80°. 

 
Fig. 14. Geo-electrical profile across Padesh Fault. Arrows indicate the sites of handy core 
holing. 

The final prove for the recent activity of the fault was given by two handy holes 
executed in the foot wall and in the hanging wall. The hole in the foot wall attended 
weathered materials of the basic rocks at the depth of 2.5 m, while the hole in the hanging 
wall did not reach basic rocks to the depth of 4.20 m, but it crossed two levels of buried soils 
– at 2.6 m and at 3 m. This result has shown that at least two strong seismic events occurred 
during Holocene time, but there is no information for the time of the last one. Because the real 
length of the fault is not recognized it is not possible to evaluate the expected maximum 
magnitude generated by it. Indirectly this could be assessed by the relationships presented in 
Part 1. The displacement detected by the holes is 1 m, as a minimum, for one seismic event. 
This amplitude is characteristic for earthquakes of magnitude Ms > 7. 
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The fault is crossing the Highway route southern from the designed tunnel 
“Zheleznitsa”, but expected strong earthquake from this fault will affect a large area, 
including the infrastructural facilities of the segment “Krupnik – Kresna” of Highway 
“Struma”.  

 
3. Krupnik Fault 

It crosses the route of Highway “Struma” at km 379+185, exactly at the northern 
entrance of the tunnels of one of the variants of the highway route. 

Krupnik Fault is a system of fault segments of dominant strake NE-SW (N 50-60°) 
and dipping towards NW by angle of 50-62° (Vrablianski, 1974). On Bulgarian territory it is 
evaluated to be of length of 25 km. The displacements along the fault are normal with left 
lateral component. The fault is well studied, it is well expressed as geomorphology. High 
velocities of displacements have been evaluated for the Neotectonic stage, including during 
the Holocene time. Towards the border between Bulgaria and FYROM the fault is less 
expressed and it is difficult to be followed on the terrain.  

A number of proves exists that during the earthquake from 1904 exactly Krupnik Fault 
was activated. Remains from this seismic event are clearly seen eastwards from the village of 
Krupnik (Fig. 15). The traces of the tectonic movements are kept on the fault surface (stria on 
slickensides). The analysis of these striations has shown their narrow relation to the ongoing 
faulting process during the last seismic events. On the base of these striations a reconstruction 
of the recent tectonic stress field has been done (Fig. 16). The solution from the total number 
of measured stria is, as follows: σ1=>83°/32°, σ2=>184°/9° и σ3=>281°/37°. The solution is 
practically confirming the space position of the axes Р and Т from the earthquake fault-plane 
solutions of the region. 

 
Fig. 15. Remains of the faulting along Krupnik Fault during the earthquake from the 4th of 
April, 1904  
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Fig. 16. Reconstruction of the principal axes of the tectonic stress field for the studied 
segment of Krupnik Fault at the nearest vicinity to Highway “Struma” (data from Shanov, 
Dobrev, 2000, lower hemisphere projection) 

Additional information for the fault from the nearest site to the existing first category 
route has been obtained from geophysical profiles executed by the method of vertical 
electrical sounding (VES) in 1998 on the flood plain terrace of Struma River. 2D inversion 
along one of the profiles indicates the place of rupturing of the fault (Fig. 17). 

 
Fig. 17. Geo-electrical cross section along a profile on the flood plain terrace of Struma River, 
crossing Krupnik Fault. A step was formed during the earthquake in 1904, the stream of 
Struma River was barraged and a lake was formed for a number of hours.  

 The geodetic leveling has shown a difference of about 0.5 mm/year of the velocities of 
the vertical movements from the two sites of the fault in the zone of its crossing by the 
highway. The horizontal movements recorded during the last years (Georgiev et al.,2007) 
have demonstrated the clear differential displacements of the foot wall and of the hanging 
wall. The velocity of site KRUP (geodetic site from the local geodetic network, situated in the 
village of Krupnik) is 3 mm/year northwards. These data are well conformed to the results 
from the extensometric measurements since 1982 along one of the segments of Krupnik Fault 
– the velocity of the total deformations is 3.4 mm/year. The extensometric records confirm 
also the presence of left-lateral slip component along the fault. The southern block (foot wall) 
is moving south-westwards with velocity close to the above mentioned.  
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 The studied segments of Krupnik Fault on Bulgarian territory have a total length of 26 
km. Its length on the territory of FYROM is not known. On the hanging block Simitli Graben 
is situated. Since the Miocene time till now (Neotectonic stage) sediments of more than 1500 
m thickness have been deposed. 
 The seismicity along the fault is well manifested, mainly by weak or moderate 
earthquakes (magnitudes lower than 5.0) since the earthquakes from 1904. The epicenters are 
situated north-westwards from the fault line – the direction of dipping of the fault surface. 

The studied length of the fault do not give possibility to evaluate the potential 
maximum magnitudes of the generated earthquakes by Krupnik Fault. The displacements on it 
indicate clearly that magnitudes higher then 7.0 can be generated, what was the case in 1904. 
Paleoseismologic investigations performed by French-Bulgarian team (Mayer et al., 2007) 
have confirmed the rate of 1.5-2 m normal faulting during the earthquake from 1904. The 
same team evaluated that for the fault dipping angle of 450, measured in the 
paleoseismological trench eastwards from the valley of Struma River, if the accepted 
thickness of the Earth’s crust is about 15 km, the length of the fault is 20 km and the 
displacement is 2 m, the magnitude has to be Мs =  6.9. This assessment is one of the lowest 
in comparison to the previously done evaluations. One event was dated, occurring about 
11000 years before the earthquake from 1904. The average slip rate has been evaluated at 
0.15 mm/year.  
 

4. Yavorov Fault  
The fault, or more correctly the group of fault segments striking NW-SE, situated north-

eastwards from the town of Kresna, is drown on the geological maps in scale 1:100 000 and 
1:50 000, but indicated as covered by younger, Quaternary sediments. Lately it was 
mentioned in the publications of I.Zagorchev under the name of Gradesh Fault (Zagorchev, 
2006). It was not especially studied for contemporary activity. Vrablianski and Milev (1973) 
indicated it as a structure separating the Kresna Step (horst structure) from Sandanski Graben 
to the south. (see Fig. 9). It was recognized as potentially dangerous and an object for special 
studies in the Report for the risky areas for the National Gas Pipeline Network (Shanov, 
Dobrev et al., 2009). Around this fault a concentration of seismic events exists (Fig. 13). 
During the geological mapping along the route of the tunnels “Kresna”, realized by the 
company “Geotechnika ABC” Ltd and the engineer-geological mapping on the other routes of 
the highway realized by the company “Bondis” Ltd, fault surfaces were also detected inside 
the zone where the route facilities cross this fault. Data for the geometry of the fault is not 
available. From geological reasons the fault has to dip SW, but probably antithetic segments 
also exist. The fault segments control the Neogene and the Quaternary sedimentation on the 
hanging wall (Fig. 18).  

The different variants of the route of Highway “Struma” are crossed by the fault segments 
from kilometer 390 to kilometer 392.  

In the area of the fault an abrupt change of the velocity of the vertical movements has 
been recorded. At railway station Kresna the measured velocity is +1.4 mm/year, and at the 
railway stop Yavorov - +3.4 mm/year (Vrablianski, Milev, 1973). The later performed 
analyses were not so affirmative (Georgiev et al., 2007). The velocity of the contemporary 
vertical movements is about +1.5 mm/year southwards from Krupnik Fault and gradually 
decreases to +0.75 mm/year near the railway station “Pirin”.  

The horizontal movements support the normal faulting with dip angle of the fault surface 
south-westwards. The recorded epicenters of the earthquake are at the same position – south-
westwards from the fault. 

The real active part of the fault is not known, but if the mapped length of the longer 
segment is about 15 km, the average value of the expected maximum earthquake magnitude is 
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calculated using the relationships from Table 2. The assessment is Ms=6.2 or Mw=6.13. 
Similar earthquake can produce a displacement along the fault of about 26 cm speculating 
with hypothetic depth of the focus at 15 km. At this stage of the knowledge it is not possible 
to give other characteristics for this fault.  

The right position of the fault segments accepted as active ones has to be determinate 
from special paleoseismological studies after the selection of variant of the route of the 
highway. These investigations will clarify the seismotectonic characteristics of the fault 
segments. 
 

 
 
Fig. 18. Scheme of the fault segments of Yavorov Fault on the map of the relief of the 

studied area with the variants of the route of Highway “Struma” (base map: Digital model of 
the relief SRTM3). Faults:  

3 – Krupnik; 4 – Yavorov. 
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5. Other dangerous geophysical factors  

It is well known, that the active faults or their segments release at the surface the 
radioactive element radon (Rn). Radon could originate from the deep earth’s interior. As an 
inert gas radon is very easily movable and in a fracture system can migrate and accumulate to 
high concentrations. A number of publications discuss this fact and even it is used for 
detection of covered by young sediments active faults (ex. Pavlides, 1997). Radon is a decay 
product of radium; it is the sole noble gas in the decay chain of uranium. Two short-lived 
decay products of radon are alpha emitters and, fixed on aerosols, are introduced to the 
respiratory tract. A high concentration of radon in the ambient air is supposed to be harmful, 
especially concerning lung cancer. There are recommendations for limiting radon 
concentrations in indoor air at homes and also in workplaces, 400 to 1000 Bq/m3 for homes. 

The studied area of the highway variants is geologically built by granitic rocks having 
relatively elevated background radioactivity. As example, the formation of the earth’s 
component of the gamma-background at 1 m above the free surface is due mainly to the 
gamma emission by the natural radionuclides 40K; 238U and 232Th and the chain of isotopes of 
Ra, Th, Pa, Ac Pb, Bi and Tl. The concentration of these elements, as a rule, is higher in the 
volcanic rocks than in the sedimentary rocks. The Rn emission from the active faults could be 
additional negative factor for the safety of exploitation of the tunnel variant of the highway.  

Especially for the concerned area continuous complex measurements were done in the 
basement of the Kroupnik seismic station and important results were reported lately 
(Ranguelov, Kies, 2001). The seismic station is built exactly on Krupnik Fault. The registered 
concentrations show high peaks in radon content, up to 50 000 Bq/m3 in the air of the situated 
underground instrument room (Fig. 19).  

 

 
Fig. 19. Record of the concentrations of gas radon (Rn) inside the building of the Seismic 
Station “Krupnik” for the period from the 30th of May to the 5th of June, 2000 (from 
Ranguelov, Kies, 2001). 

 
One explanation the sharp variation of the Rn records on the graphs is the very bad 

isolation of the measuring room and the periodical aeration of the room. So, the concentration 
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of Rn inside closed spaces could reach dangerous levels for human health. Outside 
temperature changes induce an important air exchange at the measuring place and thus the 
radon concentrations are lowered. At night, when air exchange is minimal, radon exhalation 
from the ground can reach rather high concentrations in a very short time. A great 
underground radon potential for earthquake predictions is related to the expected sharp 
increasing of Rn emission by the faults and the fractures in the rocks before strong seismic 
events in the concerned area.  

This information has to be taken into account when discussing the different variants of 
the future highway part of Lot 3.2. In any case, for the tunnels it will be important to control 
the radioactive background and to establish special rules for the underground service staff 
according the National and European normative documents.  

 

6. Analysis of the variants for the highway segment (with 15 km tunnels or normal 
variant with bridges and short tunnels) from point of view of the seismotectonic 
conditions and other related geophysical characteristics 

The seismotectonic conditions of the region of the designed route variants of Highway 
“Struma” LOT 3.2 are one of the most unfavorable for constructions on the territory of 
Bulgaria. The existence of 4 active faults that can have direct or indirect negative impact on 
every of the variants of the route imposes the realization of additional studies especially at the 
area of Yavorov Fault. This fault is crossed by the routes of the segment “Krupnik – Kresna” 
at km 390 – 392 and the existing data at present stage are not sufficient for its complete 
characterization as an active tectonic structure. If a strong earthquake occurs of magnitude 
higher than 6 on this fault, vertical displacements can be expected reaching the rate of about 
26 cm. Similar displacement is unfavorable for every one of the variants, but for the tunnel 
variant this could be related to additional problems for the tunnel lighting and the ventilation 
systems. 

The beginning of LOT 3.2 is in the zone of Krupnik Fault – active structure that is related 
to the destroying earthquake from 04.04.1904 with magnitude evaluated between from Ms = 
7.8 to 6.9 and described displacements till 2 m, including the barraging of Struma River. The 
occurrence again of similar seismic event will have enormous consequences for the all 
existing infrastructure in the area. In any case, the damages on the variants without long 
tunnels will be easier repaired. The northern entrance of the tunnel variant is designed exactly 
on the fault and the possible approach is by bridge construction over Struma River. This 
construction is also vulnerable, grounded on two tectonic blocks having clear differential 
movements even without any seismic manifestations. 

Stob Fault and Padesh Fault are not directly impacting the studied segment of the route 
variants, but the potential earthquakes that can be generated by them will be of magnitude 
higher than 6 and the seismic impacts cold lead to deformations on any of the facilities from 
the area of LOT 3.2. 

The normative seismic coefficient for the whole region where are situated the route 
variants is Кs = 0.27, the highest one for the territory of the country. This is the minimal value 
that has to be included in the highway design. Priority, according to this coefficient, has to be 
assigned to the underground facilities. The seismic coefficient is reduced for the underground 
constructions and increased for important civil facilities on the Earth’s surface, as the bridge 
constructions are.  
 For the tunnel variant unfavorable factor will be also the increased radioactivity 
coming from the naturally high radioactive background of the rocks around the constructions 

30 
 



and the continuous radon emissions from the active tectonic faults and their satellite faults. 
Conditions could be created for dangerous concentrations of this gas for the human health, 
especially for the underground facilities.   

7. Conclusion 

Having in mind the facts exposed above and their analysis, more favorable will be any 
variant that avoids the long underground tunnels presently foreseen for the highway 
section of 3.2 “Krupnik – Kresna”. The seismotectonic conditions and the related to the 
active faults increased emissions of the radioactive gas radon cannot be eliminated as 
unfavorable factors using technical solutions, but the minimization of their impact is in favor 
for the surface variants of the highway. If unfavorable events occur for the route facilities, the 
repairing of the damages will be the most difficult for the underground constructions.  

On the base of the performed analyses on data from the existing reports and publications 
from previous studies it can be suggested to perform paleoseismological analyses of the active 
faults. Micro-seismic zoning for the most vulnerable facilities – bridges and tunnels, has to be 
done based on the results from them. This is the only objective approach for assessment of the 
seismic hazard and risk for the concerned facilities.  

 

8. References 

ASSESMENT OF SEISMIC POTENTIAL IN EUROPEAN LARGE EARTHQUAKE 
AREAS (ASPELEA). 2000. EC Project INCO-COPERNICUS, Contract number: IC-
15CT-97-0200, http://www.ais.fhg.de/and/geoprocessor/, 22.02.2008. 

Bayliss T.,J., P. W. Burton, 2007. A new earthquake catalogue for Bulgaria and the 
conterminous Balkan high hazard region Nat. Hazards Earth Syst. Sci., 7, 345–359, 2007, 
www.nat-hazardsearth-syst-sci.net/7/345/2007/ 

Bonchev E., Bune V.I., Christoskov L., Karagjuleva Y., Kostadinov V., Reisner G.I., 
Rizhikova S., Shebalin N.V., Sholpo V.N., Sokerova D., 1982 A method of compilation of 
seismic zoning prognostic maps for the territory of Bulgaria. Sofia, Geologica Balcanica, 
12.2, pp. 3 -48. 

Botev E., Georgiev I., Dimitrov D., 2006. Recent seismicity, stress and strain in South-
Western Bulgaria, Geodesy, 17, Sofia, Bulgarian Academy of Sciences, 53 – 68. 

Dobrev N., E.Avramova-Tacheva. 2007. 3D Monitoring of active faults and slope movements 
in Bulgaria included in COST 625 Project. Acta geodynamica et geomaterialia, Prague, 
vol.4, 1(145), 39-51. 

Dobrev, N., I.Georgiev, B.Kostak. 2005. Extensometric and GPS monitoring of recent 
tectonic movements in the Simitli graben, SW Bulgaria, Geodesy, BAS, 17, 98-107 

Ganas A., Shanov S., Drakatos G., Dobrev N., Sboras S., Tsimi Ch., Frangov G., Pavlides S., 
2005. Active fault segmentation in southwest Bulgaria and Coulomb stress triggering of 
the 1904 earthquake sequence. Journal of Geodynamics 40, 316–333 

Georgiev I., Dimitrov D., Botev E., 2013. Crustal Motion Monitoring in Bulgaria and 
Surrounding Regions by Permanent GPS Array, Proceedings 7th Balkan Geophysical 
Congress, 7-10 October 2013, Tirana, CD, doc. 18628. 

Georgiev I., Pashova L., Dimitrov D., Nikolov G., Shanov S., Botev E., Gospodinov S., 
Zdravchev I., Alexandrov B., 2002. GPS networks for geodynamic investigation in the 
region of Southwest Bulgaria. Book of Abstacts (extended), 3rd Balkan Geophysical 
Congress and Ehibition, 24-28 June 2002, Sofia, p. 345-346. 

Georgiev, I., D. Dimitrov, P. Briole, E. Botev, 2011. Velocity field in Bulgaria and Northern Greece 
from GPS campaigns spanning 1993-2008. 2nd INQUA-IGCP 567 International Workshop on 

31 
 

http://www.ais.fhg.de/and/geoprocessor/


Active Tectonics, Earthquake Geology, Archaeology and Engineering, 19-24 September 2011 
Corinth, Greece, p. 54-56. 

Georgiev, I., D. Dimitrov, T. Belijashki, L. Pashova, S. Shanov, G. Nikolov. 2007. Geodetic 
constraints on kinematics of south western Bulgaria from GPS and levelling data. – 
Geological Society, London, Special Publications; 2007; v. 291; p. 143-157;DOI: 
10.1144/SP291.7. 

Hristov V., Totomanov I., Vrablianski B., Burilkov T., 1973. Map of the recent vertical 
movements in Bulgaria, Scale 1:000 000. In: Proceedings of the Seminar on the 
seismotectonic map of the Balkan Region, UNESCO, Skopje, 1974, App. Maps, No 12.  

IAEA. 50-SG-S1, 2002. Earthquakes and associated topics in relation to nuclear power plant 
sitting. 

Kotzev, V., R. Nakov, Tz. Georgiev, B.C. Burchfiel, R.W. King. 2006. Crustal motion and 
strain accumulation in western Bulgaria – Tectonophysics, 413, 127–145; 
doi:10.1016/j.tecto.2005.10.040. 

Meyer B, Sébrier M., Dimitrov D., 2007. Rare destructive earthquakes in Europe: The 
1904 Bulgaria event case. Elsevier, Earth and Planetary Science Letters, 253, p.485–496. 

Milev G., Matova M., Shanov S., Minchev M., Vassileva K., Dobrev N., 1997. Geodynamic 
investigations in the crossing zone of the Struma and the Krupnik faults. In: The Earth and 
the Universe, Volume dedicated to Prof. L.Mavridis, Aristotle University of Thessaloniki, 
Thessaloniki: Ziti Editions, pp.483-492. 

Okamoto S., 1973. Introduction to earthquake engineering. University of Tokyo Press, 340 p. 
Pavlides S., 1997. Active Faulting in Northern Greece. Implication on engineering geology. 

In: Engineering Geology and Environment. Marinos, Koukis, Tsiambaos & Stournaras 
(eds), Balkema, Roterdam, 315 – 320. 

Pavlides, S.B., Konodopoulou, D.P., 1987. Neotectonic and paleomagnetic results from 
Neogene basins of Macedonia (N Greece) and their geodynamic implications. Ann. Inst. 
Geol. Publ. Hung., v.70, 253-258. 

Ranguelov B., Kies A., 2001. Rn measurements and geodynamics in/around the seismic 
station Kroupnik (SW Bulgaria). Seminar Proceedings “Possible correlation between 
electromagnetic earth fields and future earthquakes”, Institute for Nuclear Research and 
Nuclear Energy Bulgarian Academy of Sciences, 10 -14. 

REGULATION № РД-02-20-2 from 27th of January 2012 for designing of buildings and 
facilities in earthquake regions  (Published in State Gazette, no 13 of 2012; corr., no 17 and 
23 from 2012) (in Bulgarian) 

Seismic hazards in site evaluation for nuclear installations, Specific Safety Guide, Safety 
standards series No. SS-G9, IAEA, Vienna, 2010. 

Shanov S. Medium-time earthquake prediction based on tectonic fault zone displacement 
data. Acta Montana, IGt AS CR, Series A, No 4(90), 1993, p.53-62. 

Shanov S., 1997. Contemporary and Neotectonic tectonic stress field in the Eastern Balkan Peninsula. 
Thesis for obtaining the scientific grade Doctor of Geological Sciences, Sofia, Geological Institute, 
BAS (in Bulgarian). 

Shanov S., A. Boykova. 1996. Contemporary stress field in Central Balkan Peninsula from 
earthquake mechanisms. – First Congress of the Balkаn Geophysical Society, Athens, 
Proceedings, 20-21. 

Shanov S., Dobrev N., 2000. Tectonic stress field in the epicentral area of 04.04.1904 
Kroupnik Earthquake from strea on slickensides. Geodynamic Investigations on the 
Territory of Bulgaria. Investigations of the Krupnik-Kresna Region Related to the 1904 
Earthquake. Reports of Geodesy. Warsaw University of Technology, No 4 (48), p. 117-
122. 

32 
 



Shanov S., Dobrev N.D., 1997. Impact of the seismic processes on the movements along the 
Kroupnik Fault Zone (SW Bulgaria). C.R. de l'Acad. Bulg. des Sciences, Geologie - 
Tectonique, Tome 50, No 6, pp.95 - 98. 

Shanov S., Kurtev K.,1994. Solakov D.E., Simeonova S.D. (ed.) 1993 Bulgaria. Catalogue 
of Earthquakes 1981-1990. Sofia. Review. Journal of Bulg.Geol.Soc. 55, 2, 1994, 126-
127 (in Bulgarian). 

Shebalin et al. (1974) Catalogue of earthquakes (part I, 1901-1970, part II, prior to 1901) 
UNDP/UNESCO Survey of the Seismicity of the Balkan Region, UNESCO, Skopje, 
Yugoslavia). 

Shebalin N.V. (Ed.), 1974. Atlas of Isoseismal Maps. 1974. UNDP - UNESCO Survey of the 
seismicity of the Balkan Region, Skopje, 275 p. 

Solakov D.E. & Simeonova S.D. (editors), (1993). Bulgaria Catalogue of earthquakes 1981-
1990. Sofia, Geophysical Institute, BAS, 39. 

Totomanov I., Vrablianski B., 1980, Contemporary vertical movements of the Earth’s crust in 
Bulgaria and surrounding territories. In: Geodynamics of the Balkans, Sofia, Tehnika, 138-
149 (in Bulgarian). 

Tranos, M.D., Kachev, V.N., D.M. Mountrakis. 2008. Transtensional origin of the NE–SW 
Simitli basin along the Strouma (Strymon) Lineament, SW Bulgaria. – Journal of the 
Geological Society, London, 165, 499–510. 

Vapcarov I., Galabov J., Michev K., Georgiev M., Vrablianski I., 1974 Neotectonic map of 
Bulgaria, Scale 1:000 000. In: Proceedings of the Seminar on the seismotectonic map of 
the Balkan Region, UNESCO, Skopje, App. Maps, No 11.  

Vittori, E., V. Comerci (Eds). 2004. The INQUA scale. An innovative approach for assessing 
earthquake intensities based on seismically-induced ground effects in natural environment. 
– Memorie Carta Geologica D’Italia, 67. Актуализирана скала на 
http://www.apat.gov.it/site/en-GB/Projects/INQUA_Scale/default.html, 22.02.2008 

Vrablianski B., Milev G., 1973. Studies of the contemporary vertical movements of small 
Earth’s crust blocks in Kresna Gorge. Bull. Of Geol. Inst of BAS, Series Geotectonics, v. 
XXI – XXII, 157 – 163 (in Bulgarian).  

Vrablianski, B. 1974. Main lines of tectonic activition of the Earth's crust in Bulgaria during 
the anthropogean. - C. R. Acad. Bulg. Sci., 27, 7; 953-956. 

Zagorchev, I. 2006. Geodetic measurements, neotectonics and recent tectonics in South-
western Bulgaria. – Bulg. Acad. Sci, Geodesy, 17, 3-14.  

 
Unpublished Reports (in Bulgarian) 
Map of the Faults. 1978. Seismic Zoning of Bulgaria. Sofia, Geological Institute, BAS. 
Solakov D., Simeonova S., Christoskov L., Asparuhova I., Trifonova P., Dimitrova L., 2009. 

Seismic zoning of Republic of Bulgaria into consideration of the requirements of Eurocode 
8 “Seismic safety of building constructions” and elaboration of maps of the seismic zoning 
with consideration of the seismic hazard for the territory of the country. Report of the 
Geophysical Institute 07-03. BAS, Sofia, 79. 

Shanov S., Dobrev N. and co-workers, 2009. REPORT on contract № 458/2009 

between the Geological Institute of BAS and BULGARTRANSGAS ЕАD: 

Determination of the geological hazards for the most vulnerable sites of 

the National Gas Pipeline Network. 

Shanov S., Dobrev N. and co-workers, 2008. REPORT on contract between the 
Geological Institute of BAS and BULGARTRANSGAS ЕАD: Assessment of the 
geological hazards on the route of the transit gas pipeline for Greece for the segment 
between the town of Dupnitsa and the village of Mechkul. 

33 
 

http://www.apat.gov.it/site/en-GB/Projects/INQUA_Scale/default.html


 
  
 

 
 

34 
 



 

Translation from Bulgarian 
 

 

 
 

BULGARIAN ACADEMY OF SCIENCE (BAS) 
 

40-00-1/22.01.2015 
 
TO THE ATTENTION OF: 
ENG. ASSEN ANTOV 
EXECUTIVE DIRECTOR OF 
NATIONAL COMPANY STRATEGIC INFRASTRUCTURE PROJECTS 
 
Rectangular stamp reading: National Company Strategic Infrastructure Projects, ref. № 1513, 22.01.2015 
 
V. Zlateva /signature – illegible/ 
22.01.2015 
 
 
Re: Geological conditions in the Kresna Gorge area 
 
 

DEAR MR. EXECUTIVE DIRECTOR, 
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 As stated in Protocol № 1, the above-mentioned expert opinion was unanimously approved at the 
Scientific Council held on 15.01.2015 and expresses the position of the Geological Institute of BAS on the 
given topic. 

Kresna Gorge area is characterised by extremely complicated geological, tectonic and 
hydrogeological conditions. Our experts are well-familiar with the geological characteristics of the area, as 
well as the specifics of the associated hazardous geological phenomena and processes. 

With respect to the above, the Bulgarian Academy of Science is ready to offer all possible support 
in this field during the implementation of the motorway section in Kresna Gorge area.  
 
 

Attachments: as per the text above. 
 
PRESIDENT OF THE BULGARIAN ACADEMY OF SCIENCE 
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(Acad. Stefan Vodenicharov) 
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EXPERT OPINION 
 

prepared by Assoc. Prof. Dr. Nikolay Dobrev, 
Department “Geological hazards and risks” 

Geological institute of BAS 
Sofia, Acad. G. Bonchev str., bl. 24 

phone: 02/427-2220, GSM: 0899-917-014 
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Re: Geological conditions in the Krupnik – Kresna section of Struma motorway, LOT 3.2. (Kresna Gorge) 
 
 
This expert opinion has been prepared with regard to NCSIP letter ref. № 1399/06.01.2015 sent to BAS on 
the issues related to the geological conditions and the potential hazardous processes during the construction 
of Struma motorway in Kresna Gorge area. The above-mentioned conditions apply for both variant solutions 
for motorway alignment – a 15-kilometre long tunnel and an alternative route, constituting a combination of 
short tunnels, viaducts and open road sections. 
 
The geological conditions in Kresna Gorge are among the most complicated in Bulgaria. The gorge itself has 
been formed by Struma river cutting through the existing metamorphic and igneous rocks (granites) in 
directions, predetermined by Struma fault zone. This is a system of parallel faults with orientation 160-180o 
and different directions of downthrow. The main direction of the river valley follows the fault zone structures. 
In the gorge area Struma river is characterised with multiple meanders, resulting from the presence of cross 
fault zones. The northern border of Kresna Gorge is determined by Krupnishki fault, with orientation varying 
between 40 and 80o and north-western downthrow. The presence of this fault is associated with the 
occurrence of some of the largest seismic events in Europe and on the Balkans. On 4th of April 1904 were 
registered two strong earthquakes with interval 23 minutes and magnitude of 7,1 and 7,8, with the most 
significant surface deformations and demolitions being reported and described in Simitly graben, Kresna 
Gorge and near Berovo and Pehtchevo villages, located nowadays in FYROM. As a result of the earthquake 
on the surface appeared ruptures with width more than 3 m. In Kresna Gorge were registered multiple 
rockslides and rockfalls, some of which exceeding 100 m3 in volume. 
 
The above information and facts suggest that the design of a 15-kilometre long tunnel will lead to 
number of issues during the construction and operation. They may be summarised as follows: 
 
1. The tunnel alignment leads through multiple fault zones, most of the time crossing them obliquely or 
going along their orientation. The later fault zones constitute part of Strumska fault system and according to 
the latest field investigations the majority of them are up to several meters wide. Their infill consists of 
crushed, grus and/or clay materials, which are often saturated with water. For this reason crossing the above-
mentioned zones is associated with high-degree risk of occurrence of numerous hazardous phenomena with 
limited predictability – rockslides and rockfalls, high capacity water discharge, mudflows. Such events may 
not only result in human casualties, but also inflict irreparable damage to the tunnel engineering structure. In 
some of the fault zones the rockfall and the emergence of mudflows may be in such volumes, that their 
removal may be practically impossible (as was the case with Oranovo coal mine in 2013). Other types of 
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manifestations, associated with fault structures – like significantly increased radon concentration in the 
tunnel, thermal waters inflow, etc. – also cannot be ruled out. 
 
2. The rock masses are with very low values of the RMR index (Rock Mass Rating – rock mass quality 
classification), which means that the larger part of the alignment has to be drilled and constructed in very 
challenging conditions. As a result of this, there is a high-degree risk of sudden detachment of unstable rocks 
during the tunnel construction or operation. Such are the cases of rockslides inside currently constructed 
tunnels along the same motorway which took place in 2014. On a global scale, similar issues have been 
reported and described in Japan – the Tohoyama tunnel rockfall (10.02.1996, where 20 people were killed in 
a bus inside the tunnel), Shiraito tunnel rockfall (28.08.1997) and other. 
 
3. Frequent seismic activity in the area will make the operation of the new tunnels more complicated. 
Rockslides or rockfalls of various magnitude and scope are possible, together with emergence of water inflow 
(e.g. – tunnel in Wenchuan district, Sichuan province, China, 12.05.2008). During strong earthquakes along 
these faults and fault zones can be expected slipping in the range of several decimal centimetres, which will 
lead to shifting across the tunnel axes. Such phenomena cannot be predicted and present a high-degree risk 
hazard. They may not only result in human casualties, but also inflict irreparable damage to the tunnel 
engineering structure. An additional obstacle is presented by the slow, constant slippage along the faults (or 
the so-called “fault creep”, which is not always associated with local seismicity). On the basis of 
extensometric monitoring carried out in the investigated area by the Geological institute of BAS, its 
activeness has been empirically proven.  
 
4. The tunnel structure will act as drainage for the rock massif – a cone of depression leading towards the 
tunnel will be formed, resulting into drying up of the massif above the engineering structure, which in turn 
may lead to a number of environmental problems – changes in habitats, etc. 
 
The alternative motorway alignment comprising shorter tunnels, viaducts and open road sections is located 
lower than its counterpart, and in some areas follows the current route of E79 road. The vicinity to E79 road 
and its relatively moderate gradient make it easier for construction and maintenance. Both variant solutions 
lead through areas of possible unfavourable and hazardous geological and geophysical processes, including 
earthquakes with significant slipping, considerable water inflow, accompanied by possible mudflows into 
the tunnel body, rockslides and rockfalls (both constant and sudden), creeping along active faults, drainage 
of the rock massif, with drying up of the subsurface areas. The probability for occurrence of such phenomena 
is much higher in a longer tunnel, where simultaneously the possibility for avoiding the hazardous zones is 
lesser. In the alterative motorway alignment the probability for occurrence of hazardous geological process 
is smaller and easier to predict. 
 
One of the most important factors when comparing the two alignments is how the occurrence of unfavourable 
conditions will affect the engineering structures’ construction and operation. Emergency situations caused 
by rockfall, mudflows, seismic events, etc. are much more probable in a longer tunnel due to the fact that it 
crosses multiple hazardous areas. The above-mentioned phenomena bear higher risk for its existence and 
their consequences are much harder to eliminate, while taking more time. In case of sudden rockslide or 
rockfall, slipping resulting from seismic activity or emergence of mudflows in long tunnels, the rescue and 
repair works will be more complicated and hazardous and the probability for human casualties much higher. 
During an earthquake there is even a possibility for occurrence of multiple emergency situations, some of 
them of different nature. The probability for arising of issues in a longer tunnel also will be higher due to the 
significantly bigger rock pressure in it. Elimination of the sequences of such events may be impossible or at 
least difficult, with the whole tunnel becoming permanently (or for an extensive period) blocked, leading to 
diverting traffic along the currently existing road and even exploring options for a new motorway alignment. 
 
The variant solution with shorter tunnels, viaducts and open road sections allows avoiding some of the risk 
areas on the basis of properly conducted preliminary ground surveys, thus reducing the probability for 
occurrence of critical or disastrous events. In addition to that, the majority of the tunnels will be shallower, 
which will significantly limit the scale of possible unfavourable and hazardous geological processes. In case 



of emergency, resulting from geological conditions, it will affect only one engineering structure and the 
elimination of the sequences will be easier and faster. The same is valid for the evacuation of people trapped 
inside shorter tunnels, both during construction and actual operation.  
 
In the alternative motorway alignment case the issue with drying up of the rock massif above the tunnel will 
be significantly lesser and limited to smaller areas.  
 
The performing of accurate and detailed geological surveys by proven experts, who are well-familiar with 
the geological characteristics in the area, as well as the specifics for occurrence and the risks, associated with 
geological phenomena and processes, is of utmost importance for limiting the hazards during the motorway 
construction. These surveys should be combined with complex additional investigations, including 
geological and tectonic, as well as hydrogeological surveys, geophysical imaging, analysis and simulation of 
the slope process, etc. 
 
On the basis of the above-mentioned facts and arguments I recommend the construction of LOT 3.2 of Struma 
motorway in the section from Krupnik to Kresna to be implemented along the alternative alignment, 
constituting a combination of short tunnels, viaducts and open road sections. 
 
Sofia, 15.01.2015     /signature – illegible/ 

(Assoc. Prof. Dr. Nikolay Dobrev) 
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STRUMA HIGHWAY

KRESNA GORGE PLOT (3.2)

Expert Report

1. Introduction

The Bulgarian Construction Chamber invited the undersigned for an

expertise related to the two alternatives existing at this date for the

construction of this section of the Struma Highway.

The expertise has been based the assessment of some reports sent in

advance to the experts, in a site visit along the existing road from Km

379 to Km 390 and in meetings together with the President of the

Chamber( Mr. lvan Boycov), the Chairman of the National Company for

Strategic lnfrastructure Projects( Mr. Assen Antov), Prof. Stefan Shanov

and other engineers.

During the stay in Sofia, the authors received a series of reports and

documents related to both alternatives.

2. General Considerations

One alternative consists of a two tube tunnel about 15 km long, starting

close to the Krupnik active fault and going south next to the Struma river

valley.

For this alternative, a series of boreholes and other engineering

geological information have been conducted in order to allow the



preliminary design of the tunnel which will be finished soon. These

studies gave information about the geological nature of the rock mass in
depth, some information about the quality of the rock and about
underground water as well as other hydrogeological parameters such as

the permeability of the rock mass.

The other alternative consists of a sequence of rather short tunnels,
viaducts, surface excavations and embankments, next to the river and in
many locations parallel to the existing road, this road being in some

stretches incorporated in the highway. The beginning of this alternative
is also in tunnel about 1.200 m long located in the right side of the
highway.

The pre-feasibility design which is under development is based, apart
from the seismic information already mentioned, only in surface

reconnaissance of the outcrops along the river and the topography of
the region. The tectonized granitic/gnassic rock mass shows very blocky
at surface and some degree of weathering at several points. This is

mainly due to stress release and, in such a case, the rock mass is

probably generally quite sound in depth. Mechanical and geophysical

site investigations are required in order to assess the rock mass quality
in order to define the foundation conditions for the viaducts, the lining

for the tunnels and the excavation and reinforcement of the slopes.

3. The tectonic conditions and stability of the area

The broader area of the Struma gorge where the lot 3.2 is located is an

active part of the crust and the seismotectonic situation is well

documented. A seismic hazard assessment is presented in a report
prepared by Prof. Stefan Shanov in 2OI4, for the National Company for
Strategic Infrastructure Projects, providing useful data for an

engineering evaluation. A recent research (201,1) of Prof Nikolai Dobrev

provides also valuable information.

The main active fault is the Krupnik fault, at the northern part of the
area. lt was responsible for the very strong earthquake of 1904, with a



magnitude as evaluated from Pasadena of 7.5 (data exist that they

occurred two consecutive events of magnitudes 7.2 and 7.8).The

displacement reported was of 1.5 to 2m. A second fault is Yavorov fault,

in the southern part of the area. lt is rather a fault zone given the

number of associated faults as shown in the Geological Map of Bulgaria

of a scale of 1:100000. This fault is considered as potentially active with

the possibility of giving a displacement of about 25cm in case an

earthquake occurs. A number of minor faults, of limited length, are

recognized mainly with a NW-SE direction crossing the ridges of the

valley. These faults, although not being considered as active, could

present small displacements in sympathy with the main active faults, if

and when these activate.

The tectonic structure of the area is completed with a fault zone, the

Struma fault, which runs along the gorge. The fault is considered active

given the geodetic measurements of displacement, but at a lower

magnitude than those measured along the Krupnik fault (N. Dobrev,

2Ot1).

The area is thus formed by different tectonic blocs, with differential

movement but with the main active fault, in terms of having produced

seismic displacement, to be delineated by the Krupnik fault. The

movements at the right side of the river exhibits the lowest values of

vertical movements.

4. The implications of the tectonic conditions on the

construction of the proiect

4.1 Permanent displacements due to active fault rupture

Local destruction is considered inevitable in the event of rupture at

active fault crossing. Acknowledging that there are no practical means to

resist the thrust from the rupture and if the fault cannot be avoided, the

engineers' approach is to accept the damage and foresee measures that

will limit it to the narrow vicinity of the fault crossing, as well as to

4



facilitate post earthquake repairs. such measures include
overexcavation of the tunnel section or/and interface of flexible joints
within the concrete lining

Given the orientation of the Krupnik fault, which is the major tectonic
hazard for the project, the highway will cross it, whatever the variant of
the alignment would be. Since in this area both alternatives foresee a

tunnel, it is recommended the portal be located south of the zone of the
fault in order to avoid it. This will demand a cut of the slope, rather
significant, but the impact of a possible reactivation of the fault will be
by far less important for the structures of the highway.

The Yavorov fault, which given the data reviewed, correspond to a

rather wide zone, would have a higher impact to the long tunnel
alternative, rather than the alternative with.open air works, provided no
viaduct is part of these works in the zone of its crossing. In the last case
the appropriate design of the viaduct can nevertheless face the
displacement which could be provoked by an earthquake, which is not
expected to be important for this fault, as already mentioned.

4.2 The aseismic creep.

The tunnels for the alternative along the gorge are close to the border of
the tectonic block of the western ridge of the valley. The evidences are
that each of these tunnels should remain in the same block, thus not to
be affected, in the long term, from differential movements. To notice,
that the railroad running inside the block at the eastern ridge did not
suffer, during its 90 years of life, from displacements as we have been
informed.

A viaduct that has to cross the river could however present slight
differential deformations if it bridges both blocks. Such situation can be
easily absorbed by the design of the viaduct.

4.3 The transient strains

such strains are more developed to shallow tunnels (e.g. less than 3

diameters axis depth). The axial stresses and strains obtained are



commonly much less than the compression limit of concrete lining, so

they merely result in easily repairable circumferential tensile cracks. On

the other hand more severe damage may be triggered from dynamic

stresses associated to seismic wave propagation within the plane of the

tunnel section. In these cases the lining of the tunnel has to be

appropriately designed or/and the short tunnels to be as much as

possible behind the slope, to avoid the demand of repairs, after an

earthquake. This is also recommended in order to be distant from the

distressed zone of the rock mass which is developed in all steep slopes.

In the areas of in the proximity of active faults where seismic ground

motion may become severe strains can also be developed and detailed

analysis is necessa ry f or the implementation of the lining..

4,4 Permanent displacements due to earthquake induced

ground failure

For the tunnels, permanent ground displacement from superposition of

dynamic forces and static forces are regularly limited of the order of few

cm and can be undertaken by the tunnel or develop circumferential

cracks that are easily repairable.

This type of seismic hazard develops close to the ground surface and

consequently may affect the portal sections of tunnels, which in this

case, have to be reinforced.

It is not expected to have a degradation of ground strength due to

repeated (cyclic) loading, given the quality of the rock mass (not soft or

deeply weathered rock).

On the contrary, rock falls may occur from the natural slopes during an

earthquake. For the alternative along the gorge, the areas of such risks

have to be defined and protection measures either active (anchors, nets)

or passive (fences) have to be foreseen.

In case of excavation slopes their design can prevent rock slides and

fa lls.
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5. The quality of the rock mass

5.1The tunnels 
:

The rock mass of the granitic and of the other crystalline rocks of the
area, inside the ridge should be of good quality. only in the route of
faults (not necessarily active) or of long fractures deterioration is

expected, demanding heavier temporary support during excavation. We

have noticed such passages in the logs that we had the opportunity to
check from boreholes drilled for the long tunnel qalternative.

Close to the slopes of the gorge the rock mass is distressed due to
natural processes. Thus it is recommended, where possible, to have the
short tunnels of the alternative along the gorge, as far as the geometry

of the road allows, away from the face of the slope. such position

improves also the earthquake resistance of the tunnels as already
discussed. The rock mass of the portals will need strengthening as

discussed for the earthquake design case.

5.2 The cuts

Given the distress of the rock mass, significant slope cuts considered in
the alternative in the struma gorge are not recommended as they will
need severe reinforcement measures. This is also valid for
environmental reasons. Additional tunnel should be examined in those

stretches.

5. Ground water

The type of rock masses that forms the mountain ridge of the valley is of
low permeability with the exception of localized fractured and faulted
zones. From the results of some permeability tests in boreholes drilled
for the long tunnel alternative it was possible to confirm the low

permeability conditions. Those results correspond to a tight rock mass

and, as consequence, a high piezometric head.
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In the alternative of the highway passing through the gorge no ground

water is expected to be present, given the proximity of the tunnels of
this alignment to the slope.

7. The case of radon

It is not unusual to have emission of radioactive radon through faults in

tectonically active areas, particularly from active faults. This is the case

of the Struma gorge area where this gas was detected in the Krupnic

fault. Some details are given in the report from S. Shanov, 201,4.

Measurements in the Krupnik seismological station gave, in 2000

measurements, much higher concentrations than the acceptable.

It is recommended, in this expert report, to avoid the crossing of the

fault by a tunnel replacing this stretch by an open excavation. However

there are other faults like the Yavorov where if such a hazard is present,

special measures avoiding concentration of the gas have to be foresee,

namely strong ventilation. In the alternative along the gorge with short

and no continuous tunnels, close to the mountain slopes such a hazard

will obviously have a significant reduced risk.

8. Engineering, Environmental and Geotechnical

Considerations

Both alternatives must have into consideration all types of
environmental impact of the respective engineering solutions.

For the long tunnel alternative, the main impacts have already been

detected and the design has to be adjusted in order to minimize them.

Some may be difficult to accommodate like, for example the large
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volume of excavated material (millions of m3) requiring areas for deposit

not far from the works.

For the new alternative, environmental impacts will also occur but there

are engineering solutions able to reduce them.

For example, the volume excavated in the small tunnels and at surface

may be used in the embankments, studying the appropriate volume

compensation on line and taking into consideration the bulking factor.

The tectonized granitic/gneissic rock mass shows very blocky at surface

and some degree of weathering at several points. This is mainly due to

stress release and, in such cases, the rock mass is probably generally

quite sound in depth. Site investigation are required in order to assess

the rock mass quality in order to define the foundation conditions for

the viaducts, the lining for the tunnels and the excavation and

reinforcement for the slopes.

ln zones where large slope excavations are been considered at this

stage, which may turn easily unstable unless strong reinforcement is

installed, may be more appropriate, as said before, to drive the highway

lanes more inside the rock mass and cross those zones with some other

small tunnels. This is also a mean of reducing the environmental impact

of such high excavations.

This solution should be applied in sections where the existing road will

be integrated in the highway in narrow sections of the valley, as it is the

case around km 381,5. In such cases, the excavation of the rock mass in

order to find space for the installation of the second lane would impose

severe traffic restrictions which are a major inconvenient in a road with

so much heavy traffic.

Although the total length of small tunnels may increase (in the

documents provided, 6 km are considered, but this number may

increase to 7 km or more) problems with ventilation, safety and others

are nonexistent.

The total length of the viaducts (about 2 Km) may not be significantly

reduced, since they are located in zones where the highway crosses the



river, which meanders a lot, probably because of the orientation of the
fault system of the region. The design of their foundations requires a

significant number of boreholes and in situ tests but apparently those

foundations through piles will not be very deep.

An important issue relates to the slope stability of unstable natural

slopes which may require special measures like retaining structures,

using anchored curtains and beams that might affect the landscape.

After considering these recommendations, it is important to reassess the

cost of the structures involved in this alternative, since this aspect

together with the delay for constructing these more current works may

consist in a clear difference when compared with the cost and the delay

of the long tunnel alternative.

coNcLUstoNs

The analysis of the existing documents and of scientific literature mainly

related to the seismotectonic characteristics of the area of the project,

together with the site visit and discussions held during these days, allow

us to conclude that this new alternative consisting of small tunnels,

viaducts, excavations and embankments is feasible and well adjusted to
the morphology of the valley along Lot 3.2 of Struma Highway.

Recommendations for improving some aspects of the design of this

alternative (such as replacement of some slope excavations by short

tunnels and reinforcement and stabilization of natural slopes) are

proposed in a previous section of the report.

The effects of eventual earthquakes in the region on the structures can

be easily taken into consideration in their dimensioning, namely seismic

action as a result of ground shaking, ?s well as small displacements.

Moreover any eventual damage can be easily solved, since the

rehabilitation of the respective structures should be rather moderate

and at low cost.
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The decision of having the portals of the tunnels, in any of the two
alternatives, away about 50 m from the Krupnik active fault, puts aside
the risk of any significant displacements, resulting from the reactivation
of this fault, which could provoke severe damage to the tunnels.

The fault segments of the Yavorov Fault apparently do not interfere with
any major structure of the alternative solution along the gorge.

Eventually, some minor faults may be found in the foundations of
viaducts located in that region. As for the long tunnel, they cross its
alignment at different chainages which implies the consideration of
significant measures to assure the adequate behavior of the tunnel or
large rehabilitation works in case of displacements along the fault zone,

or if thick gouge material occurs.
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Radiation Study, Summary and Conclusions 
 

The surveys carried out in Struma motorway, Lot 3.2 area on the gamma radiation dose 
intensity along with the analysis of the specific activity of naturally occurring radionuclides’ 
have shown some alarming results: 

1. At Т5; Т11; Т12; Т14; Т17; Т18 and Т19 spot locations have been measured higher 
values of gamma radiation dose intensity in comparison to those of the naturally 
background radiation. All these higher levels of gamma radiation are directly related to 
fault zones, i.e. the one near Devilska river and the one around Yavorov fault, leading 
through paleogenic granite massifs. 
Such higher levels of gamma radiation are common for areas of former sites of uranium 
mining activities, as is the case with Krupnik No. 70 site (as per Decree No. 74 of the 
Council of Ministers, SG No. 39/ 1998). 
Higher levels of gamma radiation dose intensity have also been measured at Т23 and 
Т24 spot locations in the area of Gorna Breznitsa village, related to another type of 
volcanic formation – dacites. 

 
These results confirm the theory that Krupnik uranium field and to a certain degree the 
accumulation of radionuclides in the area of Gorna Breznitsa village are related to the migration 
of radioactive elements from granite and dacite massifs along existing fault zones towards the 
graben-like tectonic structures – Krupnik and Kresna. 
 

1. Results from the analysis of the specific activity of naturally occurring radionuclides’ 
through gamma spectrometry of the complex soil and rock samples are presented in 
inspection protocols No. No. GR172/ 2015.08.27 to No. GR178/ 2015.08.27, and in Table 
No.1. as well 

Table No.1. 
SPECIFIC ACTIVITY OF NATURALLY OCCURRING RADIONUCLIDES 

 TESTED SAMPLES 

SAMPLES 

REFERENCE 
VALUES 

FROM THE 
UNSCEAR 

report* 

BACK-
GROUND 
SAMPLES

** 

No. GR 
172/20 

15.08.27 

No. GR 
173/20 

15.08.27 

No. GR 
174/20 

15.08.29 

No. GR 
175/20 

15.08.30 

No. GR 
176/20 

15.08.31 

No. GR 
177/20 

15.08.32 

No. GR 
178/20 

15.08.33 
40K specific activity [Bq/kg] 400 570 1160 959 991 920 1126 1185 570 

40K comb. stand. uncertainty (1σ) [Bq/kg]   30 25 26 32 30 30 16 
210Pb specific activity [Bq/kg]   95,8 45,8 46,1 51,5 59,1 39,1 28,4 

210Pb comb. stand. uncertainty (1σ) [Bq/kg]   4 2,5 2,1 4,2 3,4 1,6 2,3 
226Ra specific activity [Bq/kg] 45 35,9 112 62 44,8 76 80 65 35,9 

226Ra comb. stand. uncertainty (1σ) [Bq/kg]   10 6 1,1 6 7 6 1,0 
232Th specific activity [Bq/kg] 30 29,7 77,3 50,2 59,5 56,2 76,4 88,2 29,7 

232Th comb. stand. uncertainty (1σ) [Bq/kg]   3,4 1,5 2,1 1,8 2,4 2,5 1,3 
235U specific activity [Bq/kg]   3,1 1,46 1,99 2,27 2,58 3,66 1,81 

235U comb. stand. uncertainty (1σ) [Bq/kg]   0,6 0,3 0,18 0,31 0,35 0,37 0,20 
238U specific activity [Bq/kg] 40 39,2 68 32 43,2 49 56 80 39,2 

238U comb. stand. uncertainty (1σ) [Bq/kg]   13 7 3,9 7 8 8 4,4 
          

*UNSCEAR – United Nations Scientific Committee on the Effects of Atomic Radiation 



** Background samples measured in the vicinity of Oshtava village 

 
 
It’s evident from the results presented in Table № 1 that the concentration levels of 
naturally occurring radionuclides are higher than both the typical values for 
Bulgaria, published in UNSCEAR’s report (2000) and the background/ reference 
sample taken outside the surveyed area, in the vicinity of Oshtava village. 
The soil sample, taken from the surface layer in the area of Krupnik village (starting 
point of Lot 3.2) contained the highest amounts of uranium (238U – 68 Bq/kg) and 
radium (226Ra – 112 Bq/kg). Such values are common for former uranium mining sites 
(Krupnik No. 70 site and Eleshnitsa site (Druzhba 1 and Druzhba 2), No. 1 and No. 2 
respectively, as per Decree No. 74 of the Council of Ministers, SG No. 39/ 1998). The 
specific concentration of 226Ra in the rock samples varies between 44.8 Bq/kg and 80 
Bq/kg, while the concentration of 235Th – from 50.2 Bq/kg to 88.2 Bq/kg, which 
exceeds twice the measured background values.  

2. During a potential boring of a long tunnel in Struma motorway Lot 3.2 section, the 
underground excavations around the tunnel tubes will be with variable gradients and 
will inevitably pass through areas with increased presence of uranium and radium. If 
these amounts are within the boundaries of the measured concentrations, conduction of 
construction works will be possible, provided that relevant specialized precautions have 
been undertaken. Regardless of such measures however, there’s a potential risk that if 
separate radioactive particles are inhaled by construction workers and engineers, after 
certain time this may result in various cancer diseases. 

3. During a potential implementation of the construction works, around the two tunnel 
tubes will be created ground water drainage areas and the collected water will have to 
be drained via parallel drainage pipes. Such change in the ground water routes will 
create prerequisites for increased leaching of radioactive elements from the massif and 
will predetermine the necessity for treatment of such water. The leaching itself will 
constitute an additional issue during a potential tunnel construction. 

4. A lot more complicated is the issue with the deposit areas for excavated rock material 
from the two tunnel pipes, with approximate volume exceeding 6 000 000 м3. When the 
pyrite minerals from the granites come into contact with the infiltrated rain water they 
will be oxidized and a leaching process will commence, affecting not only the 
radioactive elements, but all heavy metals as well. This in turn will require drainage of 
all infiltrated water amounts passing through the deposited crushed rock material. For 
this reason the deposit area (or rather areas) will have to be supplied with comprehensive 
drainage systems, including the relevant water treatment facilities. 

5. The deposited excavated material will have to be covered with natural or artificial anti-
filtration screens. These screens, along with the above-mentioned drainage systems, will 
significantly raise the costs for construction of the deposit areas. Finally, there are no 
alternative variants for utilization of the excavated from the tunnel tubes material during 
the construction of road embankments. 
 



Conclusion 

The provided summary of the findings from the radiation dose intensity surveys and the 
analysis of the specific activity of naturally occurring radionuclides, reaching 
concentrations which exceed two to three times the background concentration values, 
indicate that naturally occurring radionuclides will constitute a serious hazard during a 
potential construction of a long tunnel with two tubes. Furthermore, the excavated rock material 
from the tunnels will have to be deposited at supplied with suitable drainage facilities deposit 
areas, with the water running out of this areas being subject pursuant to the provisions of the 
Bulgarian legislation to treatment with regard to the presence of radionuclides. Additionally, 
the deposit areas will have to be covered with natural or artificial anti-filtration screens, which 
will significantly raise the costs for construction of a long tunnel. 

All of the above-mentioned issues related to the potential construction of a long tunnel 
are of minor significance in the alternative variant solution when the same section of Struma 
motorway Lot 3.2 is implemented as a combination of open expressways, viaducts and short 
tunnels. For these reasons we categorically do not recommend the construction of a long tunnel 
with two tubes, associated with high risk potential. 
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STATEMENT 
 

by Prof.Dr. Alexey D.Benderev, 
Head of Section “Hydrogeology”, Institute of Geology, Bulgarian Academy of 

Sciences (BAS) 
 

Concerning the Hydrogeological Conditions in the area of Kresna Gorge, in connection 
with the construction of tunnels. 

 
The preparation of this opinion was assigned to me by the Chairman of the Bulgarian 
Academy of Sciences Academician Stefan Vodenicharov. The reason for this was the 
letter received from Eng. Asen Antov, Executive Director of the National Company 
“Strategic Infrastructure Projects” (Ref.No. 2025/24.07.2015) to the President of BAS, 
containing a request for an expert opinion on the issues related to the water regime 
in the zone of long tunnel, and new options in the area of Struma motorway - Lot 3.2. 
For the preparation of the opinion I was provided with the following documents: the 
Geotechnical Report for the first stage of the investigations of Kresna tunnel, 
elaborated by the association “Geops - Geotechnica – Consult” and the Expert 
Evaluation of seismic hazards based on the seismotectonic characteristics of Lot 3.2. 
of Struma motorway. 

The area in which the longest tunnel in the gorge is designed is extremely poorly 
studied in hydrogeological aspect. The only thing which is known according to the 
Hydrogeological Map of Bulgaria in Scale 1: 20000 is that fissure water is typical for 
the area. Their feeding results from precipitation and passing surface water, and the 
drainage takes place from springs with small water flows. 

A substantial volume of activities was carried out during the preparation of the 
Geotechnical Report in order to clarify the hydrogeological conditions in the region. 
These include a hydrogeological analysis of the geological conditions with 
identification and separation of the main hydrogeological units, hydrogeological 
mapping, 119 experimental filtration studies in the drilled exploration geological 
boreholes (water pressurising, express water filling into the aeration zone, water 
extraction and water filling in the water saturated section of the massif), measuring 
the levels of groundwater with drawing a hydrodynamic map and analysis of the 
possible inflow. The volumes of conducted hydrogeological activities are sufficient for 
the exploration phase and for the clarification of the regional hydrogeological 
characteristics. The most important results from the conducted studies are as follows: 
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 The values of the filtration coefficient vary widely from 10-1 to 10-4 m / d. The 
results obtained in heavily cracked and tectonically disturbed zone around boreholes 
PS-9kr and PS-9akr make an exception. There the filtration coefficient ranges from 
1,4 to 2,45 m / d; 
 
 The average values of the coefficients of filtration of the various rock types have 
been calculated. They are relatively low and similar; 
 On the basis of the piezo metric studies conducted in the boreholes and the 
water levels of the Struma River, hydrodynamic maps have been drawn up and the 
directions of movement of groundwater have been determined; 
 
 The averaged supposed quantities have been determined of the water flow 
towards the tunnel during its operation, which varies from 0,1 - 0,2 (m3 / d) / m in 
more stable and uncracked granite gneiss to 1,55 - 2,88 (m3 / d) / m within the range 
of fault zones. The average single water flow to Kresna tunnel amounts to about 0,78 
(m3 / d) / m. 
 
Some important conclusions have been drawn which are directly related to the 
possible implementation of the proposed tunnel. The most significant of these are: 

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      
 Kresna tunnel is characterized by a relatively high water abundance, 
respectively by significant expected water flow, distributed unevenly along the 
tunnel. This is due both to the geologic structure and (mostly) to differences in the 
thickness of the aquiferous complex, and in the gradients of the flow in the different 
sections. 

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      
 The water flows within the range of fault zones are maximal but of a local nature. 
However this is due not only to the greater permeability of rocks, but also to the 
peculiarities of the relief, causing a greater thickness of the aquiferous complex and 
higher pressure head gradients. 
 
 There are risks in the passage of the tunnel at shallow depth under some rivers 
(gullies), tributaries of the Struma River. The danger here results possible caving and 
further cracking of the massif over the tunnel, as a result of possible blasting. These 
may be the sections under the rivers Divilska, Breznishka, Moravska, Gabrovsko Dere 
and others. 

After a critical review of the Geotechnical Report, I believe that all activities have been 
carried out on a high professional level and the results obtained and the conclusions 
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drawn meet the requirements of the exploration phase. They will help the designers 
and the managing staff to take the necessary decisions concerning the searching for 
other options, for planning the scope of additional detailed hydro-geological 
investigations, as well as concerning probable problems with groundwater in a 
possible implementation of the project. 

On the basis of the report submitted, as well as on the basis of Bulgarian and foreign 
experience with regard to studies in similar areas with propagation of fissure water, 
I would like to draw attention to some facts and hydrogeological problems which 
have to be taken into account in future detailed studies: 

The fissure water spread in the area of study determines the filtration environment 
as anisotropic. In vertical terms the water conducting and aquiferous properties 
depend mainly on the degree of weathering of rocks. In the sections close to the 
surface the weathering processes are most active and there is almost complete 
fracturing of the rocks. In depth, the extent of fragmentation decreases. Gradually the 
pieces become larger, until a transformation into cracked rocks occurs and the 
intensity of cracking decreases. Under suitable relief conditions in the weathering 
zone a common aquifer is formed, which is characterized by decreasing filtration 
properties in depth. The thickness of the weathering zone varies from several meters 
to tens of meters depending on the type of rocks and the degree of tectonic processing. 
Below this zone, the aquiferous capacity of rocks entirely depends on the tectonic 
fractures. In sections with solid rocks it is low and in areas of major tectonic 
disturbances water conductivity is high. Such is the case with the established 
aquiferous zone in the area of intersection of the tunnel route with the Breznishka 
River. When the tunnel reaches such a zone, a very large water inflow is likely to exist 
in it. There is a number of such examples in the country and abroad. During the 
construction of the diversion tunnel for Beli Iskar Hydroelectric Power Station, water 
under pressure was discovered with an initial flow rate of 20 l / sec. In Bistritsa 
derivation tunnel (towards the reservoir of Batak dam) a focused water field emerged 
along a tectonic deformation with an initial flow rate of 120 l / s. It is completely 
natural for this amount of water to decrease gradually over time due to the activation 
of static stocks. The risk increases if the fault deformation is connected with a river 
valley on the surface. Then the area of this deformation will become an easy and quick 
way of water from the surface to the mining site. 

Another significant risk in such water flows is the following one: because of the high 
rate of penetration of fault waters the water flow can be accompanied by suffusion, 
even with export of larger rock pieces from the crushed sections identified during 
drilling.  Considerable water flows, as indicated in the report, can be expected in areas 
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where the tunnel is relatively close to the surface and crosses the weathering zone 
within the range of river beds. 

Another important hydrological problem is the hydrostatic head. According to the 
studies performed, depending on the relief, the head varies widely, from complete 
absence of water at the entry sections of the designed tunnel to more than 100 meters 
in the sections between the tributaries of the Struma River, passing over the tunnel. 
The magnitude of the hydrostatic head significantly increases the geological load on 
the construction, which must be taken into consideration when designing the 
thickness and quality of the waterproofing coating for lining the tunnel. 

It should be noted that water levels calculated in the report are determined in 
activation of static stocks in the massif when the head above the canopy of the tunnel 
will already be 0 m, i.e. the whole area will be drained. Before that, the values of water 
flow will be higher. This initial ater flow may exceed 3-4 times the calculations in the 
report. Furthermore, it is temporary and will decrease quickly but gradually. Taking 
into consideration that the tunnel will be lined with waterproofing, this water inflow 
will be broken entirely. In case of possible damage of the tunnel lining due to poor 
performance, accident, or due to the movement of earth layers during seismic events, 
the appearance of concentrated water flows is supposed which will be considerably 
higher than the calculated ones for the respective section. This is especially 
dangerous within the range of zones with high water conductivity, which, as 
mentioned, are connected with fault deformations. Of course, the magnitude of water 
flows will largely depend on the degree of distortion of the lining and the value of the 
hydrostatic head. In such cases, especially if the rate of penetration of water into the 
tunnel is high, it is quite probable for unconsolidated rock material, characteristic of 
fault and weathering zones, to enter the tunnel. 

In conclusion, it should be noted that at the next stages of research is will be extremely 
important to perform additional detailed hydrogeological studies, aimed primarily at 
the areas with fault deformations, especially if they are connected with surface waters 
over the tunnel. These studies should include activities which will allow to clarify the 
spatial characteristics of these zones, their hydrogeological characteristics, in order 
to determine the initial water flow and its change during the construction of the 
tunnel, and to restore the hydrostatic head after its construction. 

Any other alternative options of the long tunnel - tracks with smaller and shorter 
tunnels - would significantly reduce the risks of greater water flows. In view of the 
fact that the relatively weakened zones are connected in most cases with the gullies 
with a constant drainage, they should be crossed by bridges, not by tunnels. In this 
way the risk of initially high, concentrated water flows in the individual tunnels and 
the total water flow towards them will be avoided. The negative impacts on water, 
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such as the temporary drying of the massif and the drying up of many springs, will be 
considerably diminished. 

The reasons for this are the reduction of the zones of induced drain of rock 
formations/massifs due to the shorter total length of the tunnels, and the lower 
hydrostatic head, which are determined by the smaller thicknesses of water saturated 
zones above the individual tunnels. This will substantially facilitate the work in the 
performance of the tunnels and will decrease the risk to people in the construction 
and operation of the facilities. 

 
Sofia, 09.10.2015     Prepared by: 

      Signature (illegible) 

      (Prof. Dr. Alexey Benderev) 

 

I,  the  undersigned  sworn  translator Nikolay Mihov declare hereby that this is a correct 
and complete translation,  rendered  by  me   from  Bulgarian  into  English,  of  the  
attached  document - opinion. This translation consists of 5   pages.    
Translator: Nikolay Valchev Mihov 
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Appendix 10 Assessment of the sustainability of the project to climate 
change 

 

 

 



Assessment of the sustainability of Struma Lot 3.2 to climate change 

 

I. Annotation 

The sustainability assessment of design solutions (alternatives) with climate change is carried out 
depending on the design phase and is based on five hierarchical levels: 

□ Evaluation of project’s sensitivity towards climate change; 

□ Evaluation of project’s exposure towards climate change; 

□ Evaluation of project’s vulnerability towards climate change; 

□ Evaluation of potential risks of climate change; 

□ Measures for project adaptation to climate change. 

The approach used is according to the methodology described in Non-paper Guidelines for Project 
Managers: Making vulnerable investments climate resilient, European Commission. It is applied for 
proposals in the road sector. The methodology focuses on integrating sustainability of the project 
towards climate change in the life cycle of conventional materials. It consists of a coherent and focused 
assessment of specific project risks and threats towards climate change, and serve as a starting point 
for specifying and planning adaptation measures (measures to soften the impact). 

To assess the sustainability and vulnerability of the Project (alternative options) the following guides and 
manuals are used: 

□ Third National Action Plan on Climate Change, 2013 - 2020, the MoEW in 2012; 

□ Analysis and assessment of risk and vulnerability of sectors in the Bulgarian economy from 
climate change, MoEW; 

□ Non-paper Guidelines for Project Managers: Making vulnerable investments climate resilient, 
European Commission; 

□ Climate resilient infrastructure 2014-2020, JASPERS Platform Workshop on Climate Adaptation 
and Risk Management, Brussels, 21-22 October 2014; 

□ Adaptation of transport to climate change in Europe, European Environment Agency, 2014. 

 

II. Overview of the Project 
The project design and construction of Struma Motorway Lot 3.2 is based on NCSIP’s alignment options 
for crossing Kresna gorge. The options are described in detail in point 4 Investment Alternatives of MCA, 
and in general two main types of technical solutions are considered - road and tunnel options: 

□ Long Dual Tunnel; 

□ Long Single Tunnel (with unidirectional traffic); 

□ Long Single Tunnel (with bidirectional traffic); 

□ Dual Carriageway; 

□ Staged Dual Carriageway; 

□ Western. 
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III. Identification and assessment of sensitivity to climate change 
The sensitivity of the project (technical alternatives) is determined by key climate changes and the 
associated risks and secondary impacts. 

Climate changes and hazards are systematically evaluated on four main factors (key issues), typical for 
any infrastructure project during its life cycle: 

□ On-site assets and processes (engineering infrastructure); 

□ Inputs resources (water, energy, other); 

□ Outputs (users and revenue); 

□ Transport links/communications. 

This assessment is done by comparing climate change and related risks by four key factors (key issues), 
using a scoring sensitivity matrix. Essentially, it is a subjective assessment based on expertise. 

It focuses on identifying the sensitivity of the project towards climate change in terms of each key theme. 

Each project is evaluated on a scale from 1 to 3: "less sensitive"; "Intermediate" and "highly sensitive". 

Important climate changes and related risks are those rated as high or medium sensitive to one or more 
key issues. These are the most important factors that should be included in the next stages of the overall 
assessment of the project. 

Climate Sensitivity (S) 
Category Effect 

Low sensitivity Climate variable/ hazard has no effect 
 

Medium sensitivity Climate variable/ hazard may have slight impact on assets and processes, 
inputs, outputs and transport links 

High sensitivity Climate variable/ hazard may have significant impact on assets and 
processes, inputs, outputs and transport links 

 

For the purpose of evaluation, alternatives are grouped according to the main structural and 
technological features, namely: 

□ Tunnel options (alternatives) 

- Long Dual Tunnel; 

- Long Single Tunnel (with unidirectional traffic); 

- Long Single Tunnel (with bidirectional traffic). 

□ Road options (alternatives) 

- Dual Carriageway; 

- Staged Dual Carriageway; 

- Western. 

Detailed information of sensitivity assessment is presented in the filled sensitivity matrices. 

Highest sensitivity to climate change is expected towards material assets (infrastructure engineering) 
and the services provided by the project (passenger flow and movement of people and goods). 

The sensitivity of tunnel alignments is mainly in terms of floods, which can cause destabilization of 
engineering infrastructure. 

Roads are sensitive to increases in maximum temperatures and precipitation (extreme weather 
conditions), which can cause stress to the pavement. With particular sensitivity are the risks of floods 
and storms. 
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Sensitivity matrix  
 

Project type    

Alternati
ve Sensitivity theme 

In
cr

em
en

ta
l a

ir 
te

m
pe

ra
tu

re
 in

cr
ea

se
 

Ex
tr

em
e 

te
m

pe
ra

tu
re

 in
cr

ea
se

 

In
cr

em
en

ta
l r

ai
nf

al
l c

ha
ng

e 

Ex
tr

em
e 

ra
in

fa
ll 

ch
an

ge
 

In
cr

em
en

ta
l a

ve
ra

ge
 w

in
d 

sp
ee

d 

M
ax

im
um

 w
in

d 
sp

ee
d 

H
um

id
ity

  

So
la

r r
ad

ia
tio

n 

St
or

m
 

Fl
oo

di
ng

 

D
us

t s
to

rm
 

So
il 

er
os

io
n 

 

A
ir 

qu
al

ity
 

G
eo

dy
na

m
ic

s 
pr

oc
es

se
s 

(la
nd

sl
id

es
) 

W
ild

 fi
re

 

   Tunnel 
options 
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Inputs resources (water, 
energy, other) 
 

               

Outputs (users and 
revenue) 
 

               

Transport 
links/communications……
….…… 

               

 
Climate sensitivity low medium high 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Transport infrastructure 
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Sensitivity matrix 
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On-site  assets and 
processes (engineering 
infrastructure) 

               

Inputs resources (water, 
energy, other) 
 

               

Outputs (users and 
revenue) 
 

               

Transport 
links/communications……
….…… 

               

 
Climate sensitivity low medium high 

 

 
IV. Identification and assessment of exposure to climate change/hazards 
 
After identification the project’s sensitivity towards climate change is done, the next step of the 
evaluation is to determine the exposure of the project and its assets (infrastructure engineering) to 
climatic hazards on the site, where it will be implemented. 
 
Assessing exposure of the project in terms of its location is carried out in two directions: 

□ in the context of current climate changes and hazards; 

□ in the context of future climate changes and hazards. 

The assessment is limited to the analysis of the geographic location and the related specific current and 
future climate hazards characteristic of that geographic area. 

The evaluation includes only those aspects of climate factors rated as moderately or highly sensitive in 
the previous stage of evaluation. 

Transport infrastructure 
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Evaluation is performed by comparing the typical regional climatic conditions and associated risks on 
four main factors (key issues), using a scoring matrix of exposure. 

Each project is evaluated on a scale from 1 to 3 in the following categories: "low exposure "; "average 
exposure "; and "high exposure”.  

The evaluated alternatives are within the same climatic region. The climate is typical for the Blagoevgrad 
region - a transitional continental climatic zone of the European continental climatic region. The main 
feature of the climate is the continental Mediterranean influence, mainly through the valley of the Struma 
River – hot summers, mild and wet winters. 

Depending on the characteristics of the climatic region, exposure assessment matrix is structured taking 
into account these climate hazards and risks: 

□ average temperature rise and increased risk of heat waves; 

□ decreased seasonal precipitation, increased risks of drought and wildfire; 

□ increase in frequency and intensity of extreme weather conditions – floods, soil erosion; 

□ possible increase in the frequency and intensity of extreme weather conditions – strong winds, 
dust storm; 

□ geodynamic processes (landslides). 

In the following table shows summarized results of the evaluation of project’s exposure towards climatic 
hazards. Detailed information is provided in the filled exposure matrix. 

 
Forecast period  

Alternatives 
Exposure to climate  

hazard 
Current climate changes  medium 
Future climate change for Horizon 2100 year high 

 

Highest burden of project’s exposure towards climate change is expected to material assets 
(infrastructure) and transport links. 

 

Exposure matrix for current climate changes and hazards   

Assessing the exposure of the project in terms of its location towards the current climate changes and 
hazards are based on climatic information from "Climate Guide of Bulgaria, National Institut of 
Meteorology and Hydrology (NIMH)". It provides representative climate data for all physical and 
geographic areas in the country. 
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On-site  assets and processes 
(engineering infrastructure) 
 

     

Inputs resources (water, energy, 
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Outputs (users and revenue) 
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Exposure to climate hazard low medium high 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Transport infrastructure 
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On-site  assets and processes 
(engineering infrastructure) 
 

     

Inputs resources (water, energy, 
other) 
 

     

Outputs (users and revenue) 
 
 

     

Transport links 
 
 

     

 
Exposure to climate hazard low medium high 

 
Exposure matrix for current climate changes and hazards – Horizon 2100 
The project’s exposure in terms of its location and location to future climate changes and hazards based 
on the results of the project PESETA II, is representative and provide relatively objective view of the 
potential impact of climate change in different parts of European continent. It is used to forecast climate 
until 2100. 

 

 

 

 

 

 

 

 

Transport infrastructure 
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On-site  assets and processes 
(engineering infrastructure) 
 

     

Inputs resources (water, energy, 
other) 
 

     

Outputs (users and revenue) 
 
 

     

Transport links 
 
 

     

 
Exposure to climate hazard low medium high 

 

V. Identification and assessment of vulnerability to climate change 
Specificity and complexity of infrastructure in road transport determine their potential dependency and 
vulnerability as a result of climate change. 

The vulnerability of transport infrastructure is due to its direct exposure to the influence of atmospheric 
processes and in combination with the load on the infrastructure are the basis of its degradation. 

The vulnerability of road infrastructure systems to climate change (assuming current weather patterns) 
is assessed on the following parameters: 

□ Rain-induced degradation 

□ Temperature-induced degradation: 

- Heat (thermal) stress on the infrastructure systems (e.g. on asphalt mixtures, etc.);  

- Winter conditions; 

□ Extreme weather conditions. 

□ Adverse geodynamic processes (landslides). 

To obtain fairly realistic assessment of the potential vulnerability of road infrastructure, the results of the 
project PESETA II were used. They are representative and provide relatively objective view of the 
potential impact of climate change in different parts of the European continent, including vulnerability 
and the price of adaptation for transport. 

Transport infrastructure 
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The results are interpreted based on the design parameters of the envisaged transport infrastructure 
(project), the specifics of its spatial configuration and specific geographical conditions. 

Evaluating the vulnerability of the project (design alternatives) is carried out taking into account the 
national average forecasts of climate change (medium and long term). 

Vulnerability to climate change is a function of the sensitivity of the project and its exposure and is 
expressed by the following relationship: 

 

V = S x E 

Where: 

 V – vulnerability; 
S – sensitivity; 
E – exposure.  

 

With this evaluation, the adaptive capacity of the project (transport infrastructure) to climate change is 
assumed to be constant and the same for that geographic area. 

The evaluation is performed using a of vulnerability scoring matrix. 

Each project is evaluated on scale from 1 to 3 in the following categories: "low vulnerability"; "medium 
vulnerability"; and "high vulnerability". 

For the purpose of evaluating alternatives are grouped according to the main structural and 
technological features, as following: 

□ Tunnel options (alternatives) 

- Long Dual Tunnel; 

- Long Single Tunnel (with unidirectional traffic); 

- Long Single Tunnel (with bidirectional traffic). 

□ Road options (alternatives) 

- Dual Carriageway; 

- Staged Dual Carriageway; 

- Western. 

 
5.1. Vulnerability assessment of the project to the current climate change 

Vulnerability classification matrix for Tunnel options 
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Vulnerability classification matrix for Road options 
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High 3 ΔP% ΔТоC; ΔEx ΔL; 

 
Vulnerability level low medium high 

 

  

Note: 
ΔТоC – Temperature-induced degradation of the route pavement; 
 ΔP – Rainfall-induced degradation of the route pavement; 
 ΔEx – Flood degradation of the route pavement and engineering infrastructure (bridges) 

(extreme climate conditions); 
     ΔL – Adverse geodynamic processes (landslides, soil erosion). 
 

Taking into account the obtained results according to the vulnerability assessment scale towards climate 
change, the project can be defined in the "medium vulnerable - resistant to expected impacts". Only with 
road options, vulnerability towards adverse geodynamic processes (landslides) is evaluated as 
substantial (high).  

The high stability of the project is mainly due to, on the one hand, the fact that drastic changes in climate 
components are not expected until 2035, and on the other because the local climatic conditions, incl. 
the characteristics of the physical environment - landscape, climatic factors, hydrological, geological and 
hydrogeological conditions were taken into account during the design stage of the project. 

 

5.2. Vulnerability assessment of the project to the future climate change – horizon 2100. 
 

Vulnerability classification matrix for Tunnel options 
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Vulnerability classification matrix for Road options 
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Low  1 
 
 

  

Medium  2 
 
  

 

High 3  
 ΔP% ΔТоC;  ΔEx; ΔL 

 
Vulnerability level low medium high 

 

 
 Note: 

ΔТоC – Temperature-induced degradation of the route pavement; 
 ΔP% – Rainfall-induced degradation of the route pavement; 
  ΔEx – Flood degradation of the route pavement and engineering infrastructure (bridges) 

(extreme climate conditions); 
     ΔL – Adverse geodynamic processes (landslides, soil erosion). 
 
Taking into account the obtained results for future climate change, the project can be defined as                
"vulnerable to expected impacts" in respect to extreme climate conditions (floods) and temperature-
induced degradation of the carriageway. The vulnerability of road options towards adverse geodynamic 
processes (landslides) is evaluated as substantial (high).  

On the basis of the underlying weather forecasts (short and long term), analyses and vulnerability 
assessment, the following risks related to climate change are defined for the Project: 

□ Temperature-induced degradation; 

□ Rainfall-induced degradation; 

□ Extreme climate conditions (floods); 

□ Adverse geodynamic processes (landslides, soil erosion). 

According to the results of the PESETA II project for Eastern Europe, which is the region of our national 
space, various, but by no means drastic changes in the weather patterns are expected. In all scenarios 
for the territory of our country, an increase of the indices for “hot – extreme events” and a reduction of 
the indices for “cold – events” are expected. This in turn will impact on the structure of the road surface. 

The indices for rainfall intensity have a more serious impact – in most of the scenarios those are 
expected to increase and this is a potential factor for the destruction of road surface, floods and other 
unfavourable events, which may lead to an increase of maintenance costs.  

To provide for different climate scenarios, the period until 2030 appears to be relatively stable for road 
transport – significant increase in temperature levels and of rainfall amounts and is not expected. This 
means that until 2030 degradation of road infrastructure induced by rainfall and temperatures will remain 
within normal levels and this will not lead to significant variations in its normal wear-resistance. 

In the longer term (horizon to 2100) with respect to temperature changes, most are expected to be 
affected the southern part of the country where the temperature index (Index 7 days to temperature 
changes in the road surface) has the highest values in all used climate scenarios. The current 
infrastructure project is situated in this area. 

Winter conditions are another serious factor, related to the normal, multi-year weather mode. Winter 
conditions are expected to be mitigated in all three scenarios, which in turn will lead to lower intensity 
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degradation (violation) of road infrastructure. The drastic reduction in the depth of freezing and melting 
cycles is the basis for the expected positive effect. 

Acts of extreme weather events have significantly less relevance in comparison with the changes made 
to the natural multi-year weather mode. Most of these extreme events have very short-term effect, 
limited scope in terms of affected territory, with varying degrees of intensity and repetition. 

Rising temperatures are directly related to the effect of thermal stress on the asphalt coating, where in 
the medium and long term serious changes are expected, requiring adaptation measures and the use 
of asphalt binders. 

The trend for the manifestation of sporadic, but intense rainfalls (extreme weather conditions) in the long 
run, require the implementation of adaptation measures to asphalt binders, earth-fill structures (dams, 
earth beds, etc.) and engineering infrastructure (bridges, viaducts, etc.). 

The project (alternative options) falls into two sections, identified as significant in terms of future floods 
and some areas with potential significant flood risk. The regions are defined in Art. 5 of the Directive to 
floods, approved by Order № РД-746/01.10.2013 of the Minister of Environment and Water. 

For those areas final mapping of the threat and the risk of flooding is not yet available - the development 
of programs of measures will be part of a plan for managing the risk of flooding. 

The increase in precipitation enhance the appearance of adverse geodynamical processes such as 
landslides and soil erosion. 

The Kresna gorge, falls within an area classified as the lowest level of hazard according to the map of 
landslides in Bulgaria (MRDPW, 2006). 

However, the high sensitivity and vulnerability of the road infrastructure to adverse geodynamic 
processes (landslides and erosion) requires implementation of long term adaptation measures. This is 
especially the case with ground supportive facilities. 

The following table presents the results of the vulnerability assessment of project alternatives towards 
climate change: 

Alternatives Vulnerability Value 
ΔТоC ΔP% ΔEx ΔQ 

Vulnerability assessment to the current climate change 
Long Dual Tunnel 1 2 4 4 
Long Single Tunnel (with unidirectional traffic) 1 2 4 4 
Long Single Tunnel (with bidirectional traffic) 1 2 4 4 
Dual Carriageway 6 3 6 9 
Staged Dual Carriageway 6 3 6 9 
Western 6 3 6 9 
Vulnerability assessment to the future climate change 
Long Dual Tunnel 1 2 6 4 
Long Single Tunnel (with unidirectional traffic) 1 2 6 4 
Long Single Tunnel (with bidirectional traffic) 1 2 6 4 
Dual Carriageway 9 6 9 9 
Staged Dual Carriageway 9 6 9 9 
Western 9 6 9 9 

 
Vulnerability level low moderate high 
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VI. Risk assessment to climate change 
Risk assessment is a systematic approach applied for the project alternatives. It is considered in the 
context of identified threats related to climate change and their impact on engineering infrastructure. 
Systematic approach provides the necessary information to make decisions, based on an assessment 
of the probability of risks and significance of the consequences.  

Expressed with the following relationship. The results are recorded in a register of risk: 

R = L x I 

Where: 

 R – Risk; 
             L – Likelihood; 

I – Impact (consequence)   
 

Given the conceptual phase of the project is a qualitative risk assessment (High level risk assessment), 
is applies as it is done at the earliest stage of the project lifecycle. 

Based on an expert assessment and data from specialized sources, the risk of climate change is plotted 
through the assessment matrix. 

For the purpose of evaluating alternatives are grouped according to the main structural and 
technological features: 

□ Tunnel options (alternatives) 

- Long Dual Tunnel; 

- Long Single Tunnel (with unidirectional traffic); 

- Long Single Tunnel (with bidirectional traffic). 

□ Road options (alternatives) 

- Dual Carriageway; 

- Staged Dual Carriageway; 

- Western. 

 

 

6.1. Risk assessment of the current climate change 

Risk register 
Project  

Category 
Climate variable and 

climate related hazards 
Climate change 

 impacts 
Risk Score 

L I L x I 

Transport 
infrastructure 

Tunnel options 
Changes in the temperature 
regime 

Temperature-induced 
degradation of the route 
pavement 

3 1 3 

Changes in the precipitation 
rate 

Rainfall-induced 
degradation of the route 
pavement 

2 1 2 

Extreme climate conditions Flood 
 
 

2 3 6 

adverse geodynamic 
processes  
 

Landslides, soil erosion 2 2 4 

Road options 
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Changes in the temperature 
regime 

Temperature-induced 
degradation of the route 
pavement 

3 2 6 

Changes in the precipitation 
rate 

Rainfall-induced 
degradation of the route 
pavement 

3 2 6 

Extreme climate conditions Flood 
 
 

2 4 8 

Adverse geodynamic 
processes  
 

Earthquakes 2 4 8 

 

 

Likelihood 
(L) 

Impact 
(I) 

Criteria Category Criteria Category 
Low/Unlikely 1 Low 1 
Possible 2 Moderate 2 
Probable 3 Significant 3 
Very high 4 Very significant 4 

 

 

Risk assessment of climate change for Tunnel options 

  Magnitude of consequence 
Insignificant 

1 
Minor 

2 
Moderate 

3 
Major 

4 
Catastrophic 

5 

Li
ke

lih
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d 
/ p

ro
ba

bi
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y 5 Almost 
certain 

95%      

4 Likely 
 

80%      

3 Moderate 
 

50% ΔТоC     

2 Unlikely 
 

20% ΔP%; ΔL ΔEx   

1 Rare 
 

5%      
 

 
Risk level low moderate high extreme 
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Risk assessment of climate change for Road options 

  Magnitude of consequence 
Insignificant 

1 
Minor 

2 
Moderate 

3 
Major 

4 
Catastrophic 

5 
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oo

d 
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y 5 Almost 
certain 

95%      

4 Likely 
 

80%      

3 Moderate 
 

50%  ΔP%; 
ΔТоC 

   

2 Unlikely 
 

20%    ΔEx; ΔL  

1 Rare 
 

5%       
 

 
Risk level low moderate high extreme 

 

Description of risk 
ΔТоC – temperature-induced degradation of the route pavement; 
ΔP –   rainfall-induced degradation of the route pavement;  
ΔEx – Flood degradation of the route pavement and engineering infrastructure (bridges) (extreme 

climate conditions); 
ΔL –   Adverse geodynamic processes (landslides, soil erosion). 
 
 
6.2. Risk assessment of the future climate change 
 

Risk register 
Project  

Category 
Climate variable and 

climate related hazards 
Climate change 

 impacts 
Risk Score 

L I L x I 

Transport 
infrastructure 

Tunnel options 
Changes in the temperature 
regime 

Temperature-induced 
degradation of the route 
pavement 

3 1 3 

Changes in the precipitation 
rate 

Rainfall-induced 
degradation of the route 
pavement 

3 1 3 

Extreme climate conditions Flood 
 
 

3 3 9 

Adverse geodynamic 
processes  
 

Landslides, soil erosion 3 2 6 

Road options 
Changes in the temperature 
regime 

Temperature-induced 
degradation of the route 
pavement 

4 3 12 

Changes in the precipitation 
rate 

Rainfall-induced 
degradation of the route 
pavement 

3 3 9 

Extreme climate conditions Flood 
 
 

3 4 12 

Adverse geodynamic 
processes  

Landslides, soil erosion 3 4 12 
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Likelihood 
(L) 

Impact 
(I) 

Criteria Category Criteria Category 
Low/Unlikely 1 Low 1 
Possible 2 Moderate 2 
Probable 3 Significant 3 
Very high 4 Very significant 4 

 

Risk assessment of climate change for Tunnel options 

  Magnitude of consequence 
Insignificant 

1 
Minor 

2 
Moderate 

3 
Major 

4 
Catastrophic 

5 

Li
ke

lih
oo

d 
/ p

ro
ba

bi
lit

y 5 Almost 
certain 

95%      

4 Likely 
 

80%      

3 Moderate 
 

50% ΔТоC; ΔP% ΔL ΔEx   

2 Unlikely 
 

20%       

1 Rare 
 

5%      
 

 
Risk level low moderate high extreme 

 

 

Risk assessment of climate change for Road options 

  Magnitude of consequence 
Insignificant 

1 
Minor 

2 
Moderate 

3 
Major 

4 
Catastrophic 

5 

Li
ke

lih
oo

d 
/ p

ro
ba

bi
lit

y 5 Almost 
certain 

95%      

4 Likely 
 

80%   ΔТоC   

3 Moderate 
 

50%   ΔP% ΔEx; ΔL  

2 Unlikely 
 

20%      

1 Rare 
 

5%      
 

 
Risk level low moderate high extreme 

 

Description of risk 
ΔТоC – temperature-induced degradation of the route pavement; 
ΔP% – rainfall-induced degradation of the route pavement;  
ΔEx – Flood degradation of the route pavement and engineering infrastructure (bridges) (extreme 

climate conditions); 
ΔL –   Adverse geodynamic processes (landslides, soil erosion). 
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The following table presents the results of the risk assessment of project alternatives towards climate 
change: 

Alternatives Risk Value 
ΔТоC ΔP% ΔEx ΔL 

Risk assessment of the current climate change 
Long Dual Tunnel 3 2 6 4 
Long Single Tunnel (with unidirectional traffic) 3 2 6 4 
Long Single Tunnel (with bidirectional traffic) 3 2 6 4 
Dual Carriageway 6 6 8 8 
Staged Dual Carriageway 6 6 8 8 
Western 6 6 8 8 
Risk assessment of the future climate change 
Long Dual Tunnel 3 3 9 6 
Long Single Tunnel (with unidirectional traffic) 3 3 9 6 
Long Single Tunnel (with bidirectional traffic) 3 3 9 6 
Dual Carriageway 12 9 12 12 
Staged Dual Carriageway 12 9 12 12 
Western 12 9 12 12 

 
Risk level low moderate high extreme 

 

 

VII. Adaptation measures and assessment of the effectiveness of the project with regards to 
climate change 

 
7.1. Measures for project adaptation to climate change 

In response to the risks identified, the so-called structural measures for adaptation and resilience against 
climate changes that are focused on configuration and design of road infrastructure are laid out in the 
project (alternative options):  

□ Route pavement; 

□ Drainage system; 

□ Abrasion resistant bridges (mechanical abrasion)  

□ Slopes and earth embankment facilities resistant to landslides and soil erosion.   
Route pavement design 

The design provides for implementation of the route pavement calculated according to the Method of 
equivalent modules, comprising the layers as described below: 

SMA wearing course with PMB 0/11S     4 cm 
Binder course 0/20             6 cm 
Bituminous course                  12 cm 
Crushed stone with cement stabilisation 20 cm 

Unsorted crushed stone (0-63) mm         24 cm 

   66 cm 
 

The wear layer (SMA) and the binder are designed from polymer modified bitumen (PMB), resistant to 
temperature effects, with the following characteristics: 

□ Temperature fracture: -10оC; 
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□ Elastic recovery at 25оC: not less than 50%. 

 

Drainage system 
Hydraulic design of drainage facilities is made for 1% security, taking into account the annual maximum 
rainfall with a repetition of every 100 years (1% probability). 

To clarify the maximum effluent discharges at major road structures over rivers and canals a separate 
engineering-hydrological research was developed, covering all elements affecting the flow of the river, 
and more precisely: 

□ Hydrography; 

□ The climatic and hydrological data. 

The necessary feasibility study in connection with the preparation of engineering hydrology report and 
geological engineering report was carried out. The latter reports are required for determining the size of 
the equipment to the track - bridges, culverts, drainage, groundwater levels to ensure safe operation the 
facility. 

 
Abrasion resistant bridges (mechanical abrasion)  
Engineering infrastructure, including bridge facilities are dimensioned in accordance with the country 
and EC norms and standards, taking into account the hydraulic characteristics of water bodies and their 
water levels. 

All hydraulic calculations are made with Qmax 1% (maximum water levels at p = 1%). Water level values 
are determined based on the speed of the water flow at p=1%). 

To ensure sustainability and durability of the material assets, the design considers the axial length of 
the bridge openings to be in the range of 25-30 m that would provide normal conductivity of the water 
flow. The bridge constructions are is provided by a collective monolithic frame of precast concrete of the 
type TC -185, resistant to mechanical abrasion caused by water. 

 
Slopes and earth embankment facilities resistant to landslides and soil erosion  
When chosen with good geological, geophysical and hydrogeological ground base characteristics, most 
- important element of a ground supportive facility are its slopes. They always remain vulnerable part of 
the overall structure of the embankment and their proper design is an important element of it. 

In this case, the problem of earth stability is reduced to the stability of its embankments. 
 
Ridge slopes and embankment slopes are determined with respect to the expected land subsidence 
and prevention of erosion or landslides processes. 

Project adaptation to adverse geodynamic processes (landslides and soil erosion) takes into 
consideration Bulgarian and EU norms and standards for embankment’s design. 

According to these requirements, the slope is designed on the basis of stability calculations for overall 
stability and sliding (slipping). The design adopted the slope gradient 1: 1.5 - 1: 2.8, depending on the 
height of the embankment and soil structure composition.  

The stability of the embankment near the slopes is studied for deep slipping and sliding, given by the 
current regulatory requirements for two combinations of loads: 

• Basic combination; 
• Combination considering seismic forces. 

 
To prevent slope erosion, the design provides for measures to strengthen and stabilize the open areas 
by turfing, the use of synthetic mats and other reinforcement materials. 
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The measures include grassing of the slopes of ground supportive facilities with appropriate native plant 
species resistant to extreme weather conditions. Selected grass species are characteristic of 
phytogeographic region, drought resistant, unpretentious to the soil, and able to stabilize the ground.  

 

The following table presents the envisaged measures for mitigation and adaptation to climate change 
during the project lifecycle. 

Project  
category 

Climate variable 
and climate 

related hazards 
Geographical 
vulnerability 

Climate change 
impact 

Adaptation 
option 

Transport 
infrastructure 

Changes in the 
temperature 
regime 

Area defined as 
significant in 
terms of future 
floods and part of 
areas with 
significant 
potential flood 
risk 

Temperature-
induced 
degradation of the 
route pavement 

The wear layer 
(SMA) and the 
binder are 
designed from 
polymer modified 
bitumen (PMB), 
resistant to 
temperature 
impact 

Changes in the 
precipitation rate 

Rainfall-induced 
degradation of the 
route pavement 

Designing an 
effective drainage 
system with 
drainage 
structures 
(culverts, ditches, 
canals) 

Extreme climate 
conditions 

Flood Hydraulic design 
of drainage 
facilities is made 
for 1% security, 
taking into 
account the 
annual maximum 
rainfall with a 
repetition of every 
100 years (1% 
probability). 

Hydraulic design 
of bridge 
structures for 
maximum rainfall 
quantities Q max 
1% (р = 1%); 

Hydraulic design 
of bridge 
structures with 
axial length of the 
bridge openings 
25 – 30 m that 
would provide 
normal 
conductivity of 
the water flow; 
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Design of bridge 
constructions by a 
collective 
monolithic frame 
of precast 
concrete of the 
type TC -185, 
resistant to 
mechanical 
abrasion. 

Adverse 
geodynamic 
processes  

Landslides, soil 
erosion  

 Geometric design 
of earth 
embankment 
body, ensuring 
long-term 
sustainability and 
stability. 
 

 Ensuring stability 
of slopes against 
slipping and 
sliding. 
 
Measures for 
strengthening and 
stabilization 
through turfing, 
synthetic mats 
and other 
reinforcement 
materials. 

Grassing of the 
slopes of ground 
supportive 
facilities with 
appropriate native 
plant species 
resistant to 
extreme weather 
conditions. 
Selected grass 
species are 
characteristic of 
phytogeographic 
region, drought 
resistant, 
unpretentious to 
the soil, and able 
to stabilize the 
ground.  

 

During the development of the concept design of the project, including the facilities (bridges, viaducts, 
etc.), as a part of the technical infrastructure of the road all  characteristics of the physical environment 
(terrain), incl. topography, climatic factors, hydrological, geological and hydrogeological factors have 
been taken into consideration. Design parameters of the technical facilities and of the route have been 
determined according to the national norms and standards for the design and foundation, and registered 
wind loads, temperature effects, ice loading, stability calculations, seismic forces, hydrologic and 
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hydraulic calculations, incl. determination the water balance, catchment areas, and other elements of 
the hydrological network. 

Implementation of the above mentioned design parameters will ensure sustainability of the project to 
external climatic factors and climate change. 

Based on the envisaged measures and technological / design solutions, the Project is estimated as 
resistant to impacts caused by climate change. 
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