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Executive summary:
This report presents the findings of the alignment studies performed in corridor west of the
Norwegian High Speed Rail Assessment Project. The study has tested four different scenarios for
a high speed rail link, based on different design speeds and alignment parameter agreed upon for
all corridors. Though this makes this study very theoretical, it proves which of the scenarios have
potential, and which are not feasible. Jernbaneverket will put together their own recommendation for
a high speed network, based on different parts of route from this study.
The main findings are:
•
Upgrading the existing Bergen railway to reduce travel times by 20 per cent will require
considerable investment. The result will be a reasonably good railway line with good
capacity; but with the caveat that further upgrades would be very expensive as a result of
a significant number of problematic bottle necks. An upgraded line would have an even
steeper gradient than the existing line, considerably reducing the economic viability of
running goods services along the line in the future.
•
A complete upgrade of the existing Bergen railway line to 250 km/h will cut the travel time
significantly. In principle, the average speed will not be significantly lower than a line
designed for even higher speeds. Even though some of the existing station locations can be
kept, the track will have to be completely new. The new and existing line will only accidentally
cross each other at some points. Most existing stations can only be reached where a
gradient of 25 per mille can be allowed, and thus reducing the economic viability of
running goods services along the line in the future.
•
A completely new high speed line for mixed traffic and a gradient of 12.5 per mille can be
built along nearly all routes of the corridor, but the gradient allows only a few of the existing
stations to be attached. The subsea tunnels on the west coast will be extremely long with
such a gradient. Therefore the coastal route between Bergen and Stavanger is only
regarded as feasible with a higher gradient and thus without heavy freight traffic. All routes
show a significantly lower portion of tunnels and bridges with a lower design speed or higher
gradient.
•
The advantage of a very high design speed decreases in long tunnels, due to high resistance
caused by air pressure. In areas with very high tunnel share, the design speed should be
reduced. This will lead to less tunnel lengths and a better cost/benefit ratio.
Some extreme constructions have to be investigated further, including both long bridges
and long tunnels. All structures shown in this report are regarded as feasible, but the costs
for both construction and safe operation can become very high.
For HSR lines with only passenger traffic, a dynamic approach for alignment design will be of great
interest. In that case, the design speed will be adjusted in correlation to the actual velocity of the
train. This gives a better opportunity to adapt the line to the topography and keep construction
costs to a minimum. Therefore, total travel time goals and a clearly defined traffic concept should be
the basis for further alignment studies.
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1 Introduction
1.1

Project background

The Norwegian Rail Administration has been given a mandate from the Ministry of Transport and
Communication to assess the issue of high-speed railway lines in southern Norway. The deadline for the
assessment and the Rail Administrations recommendations to the Ministry is February 1st 2012.
The assessment shall provide recommendations to the long-term strategies based on the different
action plans which should form the basis for the development of long-distance passenger transport in
the southern Norway.
The assessment has been carried out according to three predefined phases, where this report is a part
of Phase 3.
In Phase 1, the purpose was to give a total overview and presentation of the knowledge base that exists
in Norway, including the final report on high-speed rail in Sweden (SOU 2009: 74). As for the knowledge
base in Norway, this included studies that had already been conducted under the auspices of the
National Rail Administration and the Ministry of Transport and Communication. In addition publicly
available studies conducted by various stakeholders, such as Norsk Bane AS, Høyhastighetsringen AS,
Coinco North should be included.
In Phase 2 the purpose was to identify common principles for high-speed rail concepts that might
be relevant for Norwegian conditions. Phase 2 addressed: market analysis, evaluation of different
conceptual solutions related to the use of dedicated high-speed railway tracks, multipurpose tracks,
stop-pattern and station design, different speed standards and the possibilities of incremental
development of the existing railway network. In addition conditions related to income and costs,
environmental concerns, energy consumption, maintenance under winter conditions, organization,
general cost reviews etc were assessed. The various issues were supposed to form a common set of
principles for the specific corridor analyses, which took place in Phase 3.
In Phase 3 specific corridor analysis of different scenarios was performed. Phase 3 involves more
detailed investigations to confirm whether a HSR link is feasible or not. This report compiles the result
from corridor west, and includes the consultant’s recommendation for this corridor and further works for
the assessment.

1.2

Project background – Corridor west

Jernbaneverket decided to let four different consultant groups analyse four separate corridors, one
for each of the groups. Sweco, with Pöyry as the lead sub consultant, was assigned corridor west.
This group were well prepared for the assignment, with both local knowledge and broad international
experience. For the assessment of long bridges Dr.-Ing. Håvard Østlid and Dr.-Ing. Bernt Jacobsen
where assigned as sub consultants. University-Professor (KIT) Dr.-Ing. Eberhard Hohnecker, from
hCo – Institute of Track Guided Systems / Engineering & Public Transportation, was assigned as a sub
consultant and as a supervisor for the overall railway system.
Right from the start, a lot of important questions where brought up for discussion, and it was soon clear
that the information provided by Phase 2 was insufficient. This led to an overall strategy of different cross
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corridor working groups, assigned to discuss these questions and provide answers and instructions
for the work in Phase 3.

1.3

Purpose of this report

This report compiles the results of work done by Sweco in the corridor west. The scope has been to
find different feasible corridors for a high speed rail network, connecting Oslo-Bergen and BergenStavanger, including a combination of these. Three routes have been assessed as follows:
1)
Hallingdalen
2)
Haukeli, including the Y branch to Stavanger
3)
Numedalen
In addition the direct route from Bergen to Haugesund/Stavanger is included:
4)
Coastal

Figure 1-1 Overview of the different routes and alignments.

1.4

Structure of the report

The first two chapters of the report provide an overview of the background, methodology used and the
assumptions taken as a basis for the alignment study. Most of this content has been discussed in cross
corridor working groups, and should be equal for all four corridors. In the following chapter three, an
upgrade concept of the existing line through the Hallingdal is suggested. Chapter four discusses the
routes assessed for a new HSR line, including ground conditions and challenging structures. Chapter
five discusses large bridges and tunnels. An environmental analysis follows in chapter six. This analysis
focuses on the magnitude of environmental impact and conflict potential within every part of route, and
produces a ranking of a preferred alignment of each route. Finally, chapter seven, eight and nine provide
an overview of the uncertainties, findings and the outlook from the consultant’s point of view.
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Figure 1-2 A new railway is under construction. Foto: Njål Svingheim/JBV.

1.5

Scope

1.5.1 The purpose of a feasibility study
The purpose of this feasibility study is to find a recommended corridor for a high speed line. It does
not provide an exact position of the future line, as such a detailed task would draw attention away
from the main purpose of the study. Plannning has been conducted using 1:50 000 scale maps, using
contour lines only every 20m of height difference. This means, 1 mm on the map corresponds to 50 m
on the ground. For a corridor search this gives a fairly good knowledge of the landscape, but no exact
position of the alignment. Hence, the mathematically exact calculated axis should not be regarded as
high-precision planning. The axes correspond to the center line of the planned corridors for the basic
evaluation of possible routes in a future high-speed railway network.
It is important to keep in mind that this level of detail corresponds well to the uncertainty of the other
studies done within the Norwegian High Speed Assessment project. A more detailed alignment study
would not make the rest of the assumptions more accurate. Therefore a perfect detailed alignment
would only give a wrong impression of the overall conclusions. The chosen level of detail will give good
answers to the questions asked. This report will provide important information for a well-grounded
recommendation to the long-term strategies for the development of long-distance passenger transport
in southern Norway.

1.5.2 Scope and limits of environmental impact assessment
The environmental impact assessment has been limited to study the potential conflicts between the
different proposed alignments and the environmental values. This includes the visual characteristics,
cultural heritage, natural environment, natural resources and areas of importance for recreation. The
noise impact upon habitants has also been studied at a general level along the alignments. No noise
calculations have been performed.
Indirect or secondary impacts have not been studied in this phase. For example leaks from tunnels
can potentially cause sinking groundwater and magazine levels, which could affect buildings and
hydroelectric power plants. This conflict potential is not considered in this assessment.
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Figure 1-3 Oslo central station. Foto: Njål Svingheim/JBV.

Figure 1-4 The existing Bergensbanen. Foto: Njål Svingheim/JBV.

The possibilities for disposing of surplus material from tunnels have not been studied.
Issues connected to the whole transport system such as energy and climate are not studied in this
report. These issues are studied by other consultants for the whole HSR project.
Changes in the existing Bergen line and other railways are not included in the analysis.
The scale of the maps (both for the design and the analyses) is 1:50 000, which means that there is a
lot of information and details that are unknown in this phase. For the GIS analyses of potential conflicts
50 m wide corridors have been used, but in the early stages a larger area along the proposed routes
was studied. The study area has been narrowed during the course of work to decide on alignment.
The 0-alternative
In a normal EIA the 0-alternative is supposed to be the situation to which the other alternatives shall be
compared. As a rule the 0-alternative is described according to the present situation and approved plans
and plans presumed to be approved within a 20 year span. Due to time constraints and the high level
of analyses it has not been possible to do this research in the high speed railway project. Therefore our
assumption is that the present situation will stay unchanged. There are therefore no GIS analyses for the
0-alternative presented in the tables.

1.5.3 Goal for this assignment
The main goal for the alignment study has been to find a representative line for a new high speed railway
system. These alignments have been used as basis for further studies. Potential stations, environmental
analysis and quantity estimates for cost estimation are described in this report.
Main tasks for this assignment have been:
•
Mapping of the study area
•
Searching for different possible routes for a new railway line, regarding different scenarios
•
Evaluation of the routes to find one representative alignment, to be used for further assessments
•
Evaluation of potential stations
•
Environmental issues are analysed and described
•
Evaluation of large bridges with large spans
•
Evaluation of long tunnels
•
Estimation of quantities as a basis for cost estimation, the latter not included in this assignment
•
Make a environmental ranking of the different alignments within each route in a high level analysis
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2 Methodology
2.1

Basis for this study

2.1.1 Reference documents
The design basis is mainly built on the following regulations and documentation:
•
Jernbaneverket’s Technical Standard
•
All reports from Phase 2 of the high speed rail assessment
•
Notes made by the different cross corridor working groups

2.1.2 Previous work
As far as possible, the group has made use of existing information brought up by other firms and
organizations. These include:
•
Jernbaneverket
•
Statens vegvesen
•
Norsk Bane AS
•
Høyhastighetsringen AS
•
Master plans from the different municipalities in the corridor
Unfortunately, for different reasons, this study could not obtain all detailed plans available.
Nevertheless the main ideas have been taken into account where appropriate.

2.1.3 Scenarios for High Speed Rail
Based on the mandate the assignment had to consider four different scenarios to assess which
alternatives are best suited to meet the goals of the transport policies in the different corridors,
namely:
A
The reference alternative: based on the existing railway lines
B
A more offensive further development of the existing railway infrastructure, also outside the
Inter City area
C
High-speed concepts, which in part are based on the existing network and Inter City strategy
D
Mainly separate high-speed lines
During the project, the focus of these scenarios has been slightly amended. The reference
alternative is not dealt with in this report. The complete Corridor West is outside the existing Inter
City area, thus the Scenarios B and C have been regarded as upgrades of the existing line, and thus
only apply to the Hallingdal route. Scenario D has been assessed for two different options, with and
without a freight service.
Jernbaneverket will put together the recommendations for scenario C and D themselves, based on
the different lines assessed in this report. Therefore the different scenarios used in the following
have got a slightly different notation, based on their design parametres:
B
Measures for the existing track, where travel time shall be cut by 20 per cent
2*
An upgrade of existing railway lines for mixed traffic and a speed profile of 250 km/h
D1
New high-speed lines for mixed traffic and a speed profile of 330 km/h
D2
New high-speed lines for passenger trains only and a speed profile of 330 km/h

2.1.4 Study area
Corridor west should basically focus on railway lines between Bergen, Stavanger and Oslo through
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the mountains. The corridor along the southern coast will be studied by another consultant group.
A third consultant was assigned for the line between Drammen, Sandvika and Oslo. This corridor
connects to the others in Drammen and Sandvika. Thus our study area starts in Bergen, and ends
up at Stavanger, Sandvika and Drammen stations.
Different broad routes were identified at an early stage as most interesting for the further alignment
studies. The routes served as study areas for further investigation of topics such as landscape, geology
and settlement. Studies were not confined to these areas, and different routes for the alignment where
also tested outside these areas.

2.1.5 Definitions of corridor, route, alignment and scenario
To have a consistent understanding of the text in this report, the following definitions have
been used:
•
Corridor: The complete corridor west, distinguished from corridor east, north and south
which are assessed by other consultant groups
•
Route: The different valleys or directions which the proposed lines follow
•
Alignment: The respective lines in each route
•
Scenario: Design parameters defining the characteristics of the different alignments

Figure 2-1 Overwiew of the corridor west.

2.1.6 Landscape
The description of the landscape is based on the The National Referencing System for Landscape
(NIJOS – Nasjonalt referansesystem for landskap). The system has categorized Norway into 45
different landscape regions based on their unifying characteristics. The description also includes the
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most valuable areas according to landscape, cultural heritage, natural environment and recreation.

2.1.7 Study of potential stations
Potential intermediate station locations have been suggested. This is merely a discussion of
potential geographical locations. The report does not contain any identification of the stop pattern.
It has not been within scope of this assignment to clarify the degree of integration between highspeed traffic and other train services, nor capacity studies or time tabling.

2.1.8 Alignment parameters
The table shows the technical design parameters specified for the alignment study. These
conservative design parametres where agreed up on for all corridors.
Table 2-1 Design parameters for the different scenario
Scenario

Mode

Design speed

Geometrical parameters

[km/h]

Horizontal curves

Gradient

Vertical curves

[‰]

Passenger

Freight

Normal

Min

Normal

Min

Normal

Min

B

Mixed

160

80

1400

1100

10000

6600

12,5

20

2*

Mixed

250

120

4000

2900

25000

16000

12,5

25

D1

Mixed

330

120

6300

6300

45000

45000

12,5

12,5

D2

Passenger

330

N/A

6300

3000

45000

25000

25

35

For all routes alignment for both D1 and D2 are discussed, but along the Coastal route only D2 is
considered feasible due to the deep subsea tunnels. Based on the definition of upgrades, the B and
2* alignment is only assessed in route 1 Hallingdal, due to the existing Bergen railway.
The routes are designed to be as close as technically possible to existing stations and
agglomerations, even if a HSR stop does not look likely at this stage of planning. The possibility of
being able to connect to the HSR system in the future, or to use regional train services on the same
tracks should, not be excluded.
Table 2-2 Assessed alignments on each route
Assessed alignments on the routes
Alignment scenario

Route

D1

D2

C

B

1 Hallingdal

X

X

X

X

2 Haukeli

X

X

3 Numedal

X

X

4 Costal

2.2

X

Assessment of potential stations

2.2.1 Purpose
The main purpose of this task is to identify potential intermediate station locations. The task has
been limited to the assessment of preselected station locations for the HSR line between the end-

18

High Speed Rail Assessment 2010-2012 Phase 3 – Corridor West

to-end markets Bergen/Stavanger-Oslo. Sub purposes are:
•
A proposed location of the stations near the different towns is presented in the final report.
•
A brief analysis of the urban development, availability and regional effects of the new HSR
connection.
The mission is to generate and test ideas as a basis for future more detailed planning and design of
station locations for HSR. The report does not contain any identification of the traffic system, stop
pattern, capacity or time tabling.
Both figures below illustrate the large sparsely populated areas in the center of Norway and the
high concentration of population around Oslo and the west coast. The concentration of population
near the bigger cities both reinforces the importance of the end-to-end market and explains the
complexity of finding travel demand at intermediate stations in between.

Figure 2-3 Population density 2010. Market
analysis Demand Forecasting Final Report,
Atkins 2011.

Figure 2-2 Location of major ski resorts in
Norway. Market analysis Demand Forecasting
Final Report, Atkins 2011.

2.2.2 Present Infrastructure System
The present infrastructure system and possibilities for public transport that connects the end to end
market in Corridor West, consists of railway, air transport, bus and ferry.
Table 2-3 Existing transport modes with travel time and no. services per day.
Existing transport modes
Transports
Destinations

Railway
(hours)

Services
per day

Air (direct,
hours)

Services
per day

Bus
(hours)

Services
per day

Ferry

Services
per day

Bergen-Oslo S

06:28

5

00:50

28

10.25

4

-

-

Stavanger- Oslo S

07:42

4

00:50

23

09.10

6

-

-

Bergen-Stavanger

App 15 h

3

00:35

14

05:00

13

04:30

2
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The present traffic system does however not fully show the desired demand for travel, but instead
the travel demand is created around the present infrastructure.

2.2.3 The existing Bergen railway line (Bergensbanen)
There are several stations along the Bergen railway, which has been taken out of service. The
stations still running along the Bergen railway are shown in table.
Table 2-4 Present stations at the Bergen railway
Present train stations
Bergen

Finse

Hønefoss

Arna

Haugastøl

Vikersund

Vaksdal

Ustaoset

Hokksund

Dale

Geilo

Drammen

Voss

Ål

Asker

Mjølfjäll

Gol

Lysaker

Myrdal

Nesbyen

Oslo S

Hallingskeid

Flå

On a regular week day, there are five departures between Bergen and Oslo S in each direction.
Between Bergen and Voss, there are commuter lines with 15 departures on a regular week day.
The profile of the Bergen railway shows the great variety of mountains and fjords.

Figure 2-4 Present railway infrastructure, the Bergen railway, within the western corridor.
( Illustrations from Bergensbanen (kart og lengdeprofil). (2011-11-10) I Store norske leksikon.
http://snl.no/.bilde/Bergensbanen_(kart_og_lengdeprofil) )
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2.2.4 Issues for potential stations
The chosen station locations are mostly based on technical assumptions. In some cases other
aspects, such as proximity to major destinations (hospitals, universities, shopping centres, ski
centre, etc), has led to a large number of potential locations being considered. To some extent even
municipal master plans have been taken in to consideration.
Generally the smaller stations have been placed according to where the line passes the
communities, and not the other way around. Very high market potential is necessary to motivate a
specific station location, due to higher investment costs for the HSR line.
Bigger destinations such as large work places, housing areas and regional hospitals should have
good access to the station location. The potential of the station as a strategically important hub,
connecting with other transport modes, has also been considered.
Suggested station locations are compared to the municipal master plan and their intentions
concerning future urban development. The focus has been on land claims, plan conflicts and
direct impact on community planning as a result of the proposed routes and station locations. The
location of the station and changing facilities should be an attractive transfer point and support
existing and potential functions in the area. Also the community´s future industrial progress
(industry, tourism, etc) is of importance in case it depends on train access

2.2.5 Station access from the HSR and urban impact
Concept for station location and access
Three different approaches for passing of nearby communities can be described:
Centre
It is possible for the route to pass straight through some communities. In those cases it is important
to consider how the community is supposed to develop. Is the long term strategy to concentrate
the city centre, or to sprawl into the countryside? Is the town relying on far distant travellers, or is it
going to be more and more self-reliant? Also it must be possible to have good communication links
with other transport systems as well as to have sufficient services and space for bike parking and
car parking. The station must not divide the community so aggressively that it creates a barrier that
transforms the community into an unpleasant environment.
Outside
The link passes the periphery of some communities. If the link is to pass through the periphery of a
community one must consider if a stop there is important for the development of both the railway
and the community. If there are no plans for future urban development in the area around the
possible stop, or if the development is not so significant that it motivates a stop, it is preferable to
intensify the connection between the community and the closest stop of the HSR link in a nearby
community. If however the stop is in line with the future development of housing, work and long
distance travel, a strategic decision could be taken to place the stop in such an expanding area.
Connected
If the link passes too far from a community to contribute to its future development it is possible to
create a branchline from the HSR. This would allow the high speed trains to pass the community
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without a stop to maintain the time table. Ordinary trains that do not have the same time saving
requirements can travel from the HSR onto the branchline through the community, make a stop
there, and then continue onwards to the HSR. This makes it possible to have both high speed trains
for long-distance travellers as well as ordinary trains for more local or regional travellers. However a
branchline is very expensive and the travel demand must be sufficient to support this solution. Also
this solution must be executed in such a way that the high speed system is not disturbed by slower
trains.
Choosing one of these three options is partly to do with how many stops the high speed train
can make without losing its efficiency. Partly it is due to the assumed future development of the
communities, and with that the future need for a station. At this stage of the process it is too early
to decide which solution should be used at each of the locations. It is however important to think
ahead and, as far as possible, make correct assumptions about future travel demand, and not to
focus on the present situation. Therefore the different possibilities for creating access from the
railway should be taken into consideration.
Station location impact on urban planning
Depending on the chosen concept for station location, different approaches will be needed with
regard to urban planning.
A central station will be yet another destination in the town centre, in addition to, for instance,
a hospital, library and larger work places. The station will stimulate surrounding activities and
business and it is therefore not necessary to provide services within the station area. Access to
public transport and well developed pedestrian and bicycle systems are of importance, while car
access might have to a lower priority. The A scenario is the preferred station design, that in most
cases will give the best market position for the railway.
A station located outside the town, creates an external destination and with that a need for fast and
simple connections between the station and both the town and surrounding regional markets. The
station could, due to its external location, support not only the nearest community but also other
communities that will be closer to the station than if it was located more centrally. It is desirable
that the station in this case supports an already ongoing urban development. Even though it might
not be possible to develop housing areas close to the station due to noise issues, the area close
to the station might be attractive for businesses and commercial services. In the long term such
a development can bridge the gap between the station and the city and create a natural urban
expansion.
The connected station resembles the central station, either taking advantage of existing tracks into
the town, or a new connection permitting narrow curvature and low speed. Urban development
should in this case not reach the HSR line since this might create a conflict between urbanization
and the railway. The area between the city and the HSR line will therefore act as a buffer zone.
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Figure 2-5 Example of a HSR station in Arcachon (Bordeaux), France.

A station contributes to urban development. Due to the station location different urban expansions
are to be expected and it is important to employ careful but assertive planning in order to reach the
full potential of the station.

2.2.6 Station design
In earlier phases different station design solutions have been reviewed and evaluated. In Phase 3,
four categories for station designs have been used in the discussion of possible station locations.
After deciding which communities might be suitable for a station, more detailed solutions for the
station design must be studied.
Category 1, C1 - Terminal main station. It has the greatest capacity with 4+ platforms and
approximately 1000 car park spaces. This is mainly used as an end station.
Category 2, C2 - Main through station. It has 3-4 platforms and approximately 500 car park spaces.
This station is more spacious than category 3, and that should be taken into consideration when
deciding which station design to apply.
Category 3, C3 – Simple intermediate station. It has 2 platforms and 100 car park spaces.
Category 4, C4 – Station within tunnel. This is a complex station with 2 platforms.
The number of suggested car park spaces must be adapted to each situation, and might therefore
increase or decrease depending on the demand. This could be related to which concept for station
location that is chosen, where a more rural station might attract more car travelers than a more
centrally located station.

23

High Speed Rail Assessment 2010-2012 Phase 3 – Corridor West

The platforms for HSR are to be 400 m long. This means that the station area will be at least 1000 m
long. The width of a station is always difficult to estimate without knowing how many passengers
there will be on the platforms at the same time depending on the stop pattern, and what kind of
services there might be on or next to the platforms.
The categories also provide an estimation of station cost. Category 4 is the most expensive, due to
its complexity. It is followed by category 1, then category 2 and finally category 3. However it is not
always the case that above ground designs follows this pattern. Due to other factors such as land
value, present buildings or similar, category 1 could be less costly than i.e. category 2.

Figure 2-6 Concept for end station.

Figure 2-7 Concept for intermediate station.

Figure 2-8 Concept for smaller station.

Connecting other kinds of infrastructure to the station is very important in order to supply the
station with sufficient travellers, and to be able to exploit the station’s full potential. Connecting
public transport systems, good conditions for cycling, and parking space for both short-term and
more long-term parking (such as commuter parking) are important prerequisites for the station to be
effective. In a sustainable future we depend on public transport, cyclists and pedestrians. Thus the
conditions for a pleasant and effective journey should play a key part in the station design. Safety,
short distances and sufficient bicycle parking are important adjacent to the station. The area
closest to the station should be devoted to pedestrians, cyclists and public transport users. A car
park should be located beyond these areas (see figure 2-6).
Below is an example of how the potential modal split of passengers could look like to and from a
station area. This could be used together with travel demand to estimate the number of travelers
within each travel mode and the space and services needed close to the station. This illustrates
the potential impact a station could have on the infrastructure of the surrounding area, see chapter
7.2. Each community and its station have their own characteristics and will therefore need their own
evaluation to clarifylocal conditions.

Figure 2-9 Three different concepts of station location.
The station can have different impact on a community due to its location. In the Outside alternative,
the question mark symbolizes the uncertainty of whether at station is desirable or not.
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Table 2-5 Example of amount of travellers to and from a station area.
Approximation from Swedish national travel survey.
Amount of travellers within a station area
Transportation modes
Community size

Pedestrian and
bicycle (%)

Car (%)

Taxi (%)

Public transport (%)

Large community

20-30

10-15

10-15

45-50

Medium
community

20-30

35-45

5-10

20-25

Small community

15-25

50-55

5-10

15-20

In the design of a station it is important to have a whole-journey-perspective. One must bear in
mind that a train passenger always needs to continue their journey before and after the train. Thus,
the design of a station should have a strong focus on short transfer times in order to become an
attractive node. The transfer time is of great importance for train passengers, and the distance and
ease of the transfer between train other transport modes is closely related to travel demand.
A station within an area of tourism is likely to experience an increase in demand at certain times
of year, such as the holiday period. The demand for swift and effective transfers is not as high for
tourist travellers, but the need for clear directions and signs is.

2.3

Alignment study

2.3.1 Further development of the current railway – the B scenario
The following have been used as a basis for the evaluation of existing railway: the lifting forms from
Jernbaneverket, maps and videos from the track. The speed limit and the curvature of the existing
railway have been reviewed in detail.
The evaluation showed that
•
The average speed limit for the existing railway is 73 km/h
•
There are a lot of areas with low speed and curvature radius under 250 m. The speed limit is
then below 70 km/h
•
The topographical conditions of the existing line provide few opportunities for new lines in the
valleys and on the mountain sides
•
Passing loops are often too short for long freight trains
•
Some stations have only one platform (crossings with boarding on both trains impossible)
•
Only a few old bridges are found to be the reason for lower speed limit
•
There is no speed limit due to catenary issues on the existing line
The current travel time given in the time tables is:
•
Oslo – Bergen: 6hrs 28mins, including 11 stops
•
Hønefoss – Bergen: 5hrs
The main purpose for the B-scenario is to decrease the travel time by 20 per cent. For our line this
gives the following main goals for future travel time:
•
5hrs between Oslo - Bergen with the same stops as the current regional service
•
4hrs between Hønefoss - Bergen
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From Hønefoss to Oslo, Jernbaneverket has designed a new line called Ringeriksbanen. This plan
is incorporated in the National Transport Plan (NTP) and consequently we have not looked at this
section for smaller speed-increasing measures. When Ringeriksbanen is incorporated, the travel
time from Oslo to Hønefoss is reduced by 55 minutes.
Two areas have been identified that suggest a significant social benefit can be achieved by investing
in rail. These sections are Oslo – Hønefoss and Bergen – Voss – Myrdal.
One of the main challenges is that the B-scenario will be based on the current traffic pattern.
All trains will stop at existing stations. An important aspect is to keep in mind future transport
demands. Shorter travel time will increase the demand for more trains and thus the demand for
higher capacity.
The B-scenario for corridor west is an overall assessment of how to reduce the travel time.
The most interesting measures proposed are
•
More passing loops
•
Extension of existing passing loops
•
New double track sections
•
New single track sections
•
New bridges
Jernbaneverket has made a plan called SUP (Strekningsvis utviklingsplan). This is an overview
strategic plan for the future development of Bergensbanen. Although it is not yet official it has been
made available as a source of information for this assignment. Based on a capacity assessment of
the existing line the SUP suggest that passing loops are needed every 5to 6 km, and the length of
the passing loop should be a minimum 650 m.
In longer sections where the speed limit is low, new lines are recommended. These sections
provide the benefit of the speed-increasing measures. The topographical conditions provide few
opportunities and thus most new measures have to be new tunnels.
•
•

New tunnels with lengths of 2 to 4 km are suggested as double tracks. New double tracks
will also operate as passing loops and therefore increase capacity.
New tunnels longer than 5 km are suggested as single tracks with one or more passing
loops. The cost/benefit ratio of a double track on these new lines is considered too low.

The travel time from Bergen to Hønefoss is currently five hours. The B scenario aims to decrease
the travel time to about four hours. A one hour reduction in travel time demands a lot of measures to
increase the speed limit. A speed increase from 60 to 160 km/h reduces the travel time by approximately
6 to 7 minutes per 10 km, depending on the speed limit before and after the new section.
Shorter travel times along each section are the result of higher velocity and shorter travel distance.
All the suggested new lines are designed for a speed of 160 km/h. The new line is compared to the
existing line and the average speed for that section. An estimate of changes in travel time due to
train acceleration and deceleration before and after the section is included. Nearly all suggested
measures reduce the length of line. Time reduction as a result of shorter travel distance has been
added as well.
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In addition to new line sections, additional passing loops will also lead to shorter travel times. Mainly
because this increases the capacity on the line and cuts waiting times at passing loops. However,
exactly how much travel time decrease each single passing loop will bring, and exactly where these
points should be located, cannot be decided without an extensive optimisation of time tables. This
is not regarded as a part of this assessment.
A number of measures are available to reduce travel time from Hønefoss to Bergen. A few
suggestions, regarded as the most efficient, are singled out. These measures are kept for further
evaluation. Fifty per cent of the travel time reduction is achieved on the Bergen-Myrdal section.
Further, the analysis shows which new measures will provide the most benefit based on feasibility,
cost and highest speed increase.

2.3.2 Route selection process for new lines
Due to the different design parameters for every scenario, the different alignments have to be
discussed separate in each route. When the numbers of scenarios multiplies with length of routes,
this adds up to a total length of 3540km. Different alignments have been discussed along each of
those routes, adding up to a very great amount of kilometres being discussed. The complete line
study has been done in a very short time period, starting in the beginning of April and ending in the
end of August.
The process started very wide, to include all good ideas of new routes in the corridor. The main idea
was to visit traffic junctions and agglomerations where people live. A few alignment workshops where
executed. First workshop was hold with a broad selection of engineers, while the following workshops
were hold within a smaller group of experts. The first lines where sketched only on paper maps. Later on
the most promising alignments where constructed making use of computer aided design (CAD).
A list of stations where suggested from Jernbaneverket, but in the end not all of them could be reached
with our routes. Due to the stiff alignment of a HSR line, some succeeding stations exclude each other.
In each route, one representative alignment of good quality has been suggested for each scenario,
as a base for further assessments. As soon as a feasible alignment where found, this where slightly
optimized for further assessments. This should be regarded as representative alignments, not final
high speed rail line suggestions. More detailed studies of the alignment in following planning phases
can optimize and find better alignments than shown here. This report does therefore not include any
recommendations of a preferred alignment. Nonetheless, some variants are found to be not feasible.

2.3.3 Alignment studies: D1 variants
In a first line study, rough line variants were drafted on geographical maps (scale 1:50 000) with
involvement of expert planners from environmental, railway construction, station planning, bridge
construction and tunnelling sectors as well as project engineers with a wide experience and
familiarity with the location.
From the resulting drafts, routing variants were investigated on layout plans and gradient diagrams
in an iterative process. The results entered into the calculation of a route axis as D1 basic alignment
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Figure 2-10 Overview of the different routes and alignments.

in position and height for each of the following routes.
1)
Hallingdal Route: Bergen - Geilo - Sandvika
2)
Haukeli Route: Bergen - Røldal - Kongsberg – Drammen, including Y - branch Stavanger Haugesund - Røldal
3)
Numedal Route: (Bergen -) Geilo – Kongsberg (- Drammen)
4)
Coastal Route: Bergen - Haugesund - Stavanger
Due to the radii of at least 6 300 m and a limitation of the line gradient to 12.5 per mille as well as the
mountainous terrain, only routes with tunnel portions of 60 to 80 per cent of the length of the line
could be developed in virtually all line sections.
After specification of the tunnel sections, running time studies were developed under consideration
of route gradient and aerodynamic impacts of the tunnel sections.
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Figure 2-11 Impact of tunnels and gradients on the speed profile and the travel time. ”Design speed 330km/h (blue), real speed (red) and
elevation profile (black).

Calculation basis for these figures:
•
Vehicle: ICE 3
•
Gradient: 12,5 ‰ and 25 ‰
•
Aerodynamic tunnel cross-section: 60 m² and 72 m²
•
Length of section between stops: 60km
•
Length of section with tunnels and gradient: 30km
The result shows that the high portion of tunnel sections has considerable influence on the
maximum attainable line speed. This is related to the high resistance on the train from air pressure
in tunnels. A greater tunnel cross section will increase the construction costs significantly, but can
still not solve this problem completely.
The average speed was calculated to be about 220 km/h. For the most part, a speed level of
between 230 and 280 km/h was reached. In longer inclined tunnels, speed dips down to 180 km/h
have been calculated. The given design speed of 330 km could only be attained along isolated
sections.

2.3.4 Alignment studies: D2 variants
For scenario D2, as for scenario D1, a design speed of 330 km/h should be considered. D2 is for
passenger trains only. Because the cant is not limited by the cant excess for slower freight trains, a larger
cant can be applied in the curves. Thus, radii from 5000 m upwards allow speeds of up to 330 km/h.
In a first approach, the D1 alignment with gradients of up to 25 per mille was investigated on a
moving average profile. As the running time studies for the D1 variants had shown that a speed level
of 330 km/h was almost impossible to achieve, additional alignment variants with radii of 3000 to
4200m were explored, also with regard to many line sections allowing only a speed level of 250 to
280 km/h due to the resistance in tunnels.
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On the Hallingdal Route, the D2 variant with alignment parameters allowing only a speed of up to
250 to 300 km/h on a major part of the route was compared with the D1 variant for 330 km/h in the
scope of a running time study.
The calculation of running time on the entire line showed only negligible differences in comparison
with variant D1.
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Figure 2-12 Route 1 Hallingdal with design speed 330km/h (blue), real speed (red) and elevation profile (green).
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Figure 2-13 Route 1 Hallingdal with design speed between 250km/h to 330km/h (blue), real speed (red) and elevation profile (green).

As a conclusion it has to be stated that with the D2 scenarios the tunnel portion can be reduced to
about 40 to 50 per cent. For the Bergen - Stavanger link, a significant reduction of tunnel sections
could be achieved through steeper ramps, especially in the subsea tunnels area. However, a tunnel
portion of less than 60 per cent cannot be attained for this line section.
Based on the previous positive results, additional alternatives were explored for the D2 scenario.
Partly, these were based on the alignments of the previous studies. Also, routes in parallel valleys or
to improve access to communities were investigated.
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2.3.5 Alignment study: 2* variant
The 2* variant aimed at investigating an upgrade of the existing line to a speed of 250 km/h with a
maximum route gradient of 12.5 per mile. Equally, all existing stations should be served. Therefore,
a 2* variant was only investigated within the Bergen - Hønefoss corridor along the existing
Bergensbanen line.
The alignment study found this to be not feasible. West of Voss the stations can’t be visited without
using very small curve radius and thus incurring a significant speed reduction for long sections. East
of Voss a gradient of 12,5 per mile is not possible to keep if all existing stations shall be reached.
This fact is mainly due to the general gradient of the valleys themselves, but also because the
new, constrained curvature of a HSR line most often needs to follow somewhat higher up in the
valley side than the existing railway line. Thus in some places new parkway stations are suggested,
because this is actually the situation of the existing stations as of today. There’s no need to keep
a parkway station at its existing location. Because of this, a gradient of 25 per mille was used as a
basis for further investigation west of Geilo, and 12.5 per mille east of Geilo.

2.4

Environmental impact assessment

In Phase 2 Asplan Viak worked through the acessable data and methods and summarized this
in a report (Asplan Viak, MISA, VW1 GmbH, Brekke Strand, Februari 2011). During Phase 3 the
method from Asplan Viak has been continuously evolved and discussed between the four different
consultant groups.
The method is based on environmental impact assessment (EIA) methods, but adjusted to the early
planning phase and the large geographical scale. That means that the evaluation of the themes and
parameters to measure the magnitude of effects are simplified. There is no use of impact score, but
an assessment of conflict potentials based on the landtake in the corridor, complemented with an
adjusting qualitative description when needed.
In this report the result and conclusions of the work with EIA is summriseded in chapter 6. In
the attachment Environmental analysis the GIS analysis accompanying data is presented. In the
attachment there is also a more detailed description of the method.
One of the important parts in the work in Phase 3 is to provide input to the alignment design. This
input was given in workshops and on maps with high-lights.

2.4.1 Gathering of data about the environment
Mapping of the environmental themes is based on previously collected material. No investigations
have been conducted specifically for this report.
Public environmental databases have been collected by Asplan Viak and made available for all
consultants through a web map access AVINET (Asplan Viak, 2011). Some themes have only been
available as WMS (Web Map Service) and could only be used for the qualitative descriptions of the
corridors. Some additional data sources have been used; this is described in the attachment.
Each analysed theme is given a simplified value description. The categories are “high value”, “medium
value” or “unvalued” based on Asplan Viaks methodology, coordinating meetings between consultants
and the professional judgments of the consultant group. “Unvalued” consists of themes that are either
originally unvalued, of low value or only represent a conflict to a high speed railway.
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The result of the gathering of data and the valuation is presented in the environmental maps in
attachment Maps.

2.4.2 GIS analysis
Quantitative analyses have been chosen as the basic foundation for assessing the conflict potential
between the corridors and the available environmental values. The themes vary a lot in the matter of
how widely each object is extended, the amount of objects, how they are collected and described
(points, lines or polygons) and finally how vulnerable they are to an intervention like a high speed
railway. To address some of this variation, the GIS analysis has been divided into different parts.
The alignments are divided in tunnels and day zones. Only day zones have been analysed. The GIS
analysis has for most themes been made on a 50 m wide corridor, that has been defined for the day
zone parts of the alignments. The 50 m width of the corridor is used as an average measure for the
direct impact area including embankments or cuttings. The real measure can both be narrower or
wider. For the theme Local environment and outdoor recreation and Noise, the corridors have been
set to 150 and 200 m as the impact of the railway and the traffic is wider. A tunnel will in most cases
avoid an impact on the environment after the construction period, although uncontrolled leaks could
cause sinking groundwater levels. Areas outside the corridors that will be affected through transport
and landfills are not included.

Figure 2-14 Her kommer det en figurtekst over to linjer.

Each analysed theme is given a simplified value description. The categories are “high value”,
“medium value” or “unvalued” based on the methodology from Phase 2, meetings between
consultants and the professional judgments of the consultant group. “Unvalued” consists of themes
that are either originally unvalued, of low value or only represent a conflict to a high speed railway.
In the GIS analyse the number of objects and the area of these that is in conflict with the alignment
is counted. It varies from theme to theme, if area, number of hits onto objects or number of objects
affected will be the best illustrator of the interventions on a specific parameter. For some themes the
area cannot be calculated thus the theme consists of points and lines without any area defined. The data
is presented in tables for each theme in the attachment and summary tables can be found in chapter 6.

2.4.3 Magnitude of effect and conflict potential
The magnitude of effect, and thereby the conflict potential, will not only vary with the number of
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objects and the size of an affected area. Every theme has its own vulnerability to a high speed
railway and the influence zone varies a lot. It also plays a role in which form (bridge or filling) the high
speed railway crosses an area and if an area is cropped or fragmented. For some themes the barrier
effect may be as important as the area occupied.
The values are slightly differentiated, and the magnitude of effect is focused on the high values. To
compensate for this simplified method, the GIS-analysis is complemented with qualitative text to
adjust the range of conflict potential when considered necessary.

2.4.4 Noise calculations
Expected noise levels at dwellings are used as the main indicator for noise impact. A simple method
for identifying areas where noise abatement with barriers or embankments along the track is likely is
developed. Based on expected emission data for the train, expected screening effect, the distance
from dwellings to the railway track, and the county average number of people living in dwellings, the
number of noise affected persons is counted.
Due to uncertainties regarding the exact location of the tracks, and due to uncertain noise data for
the trains and track conditions, a detailed calculation study incorporating terrain data is considered
inappropriate at the current planning level.
For the noise calculations the following assumptions and simplifications are made:
•
Train speed is 250 km/h
•
Ballasted tracks are used
•
Noise barrier height is 4 m above track
Based on data in the land register (”Matrikkeldata”), all noise sensitive buildings along the tracks are
identified and the distance from the track for each alternative is calculated.
In densely populated areas, the track is assumed to be screened.

2.4.5 Ranking
Within every environmental theme, all alternative alignments within the routes has been ranked.
This ranking has been made in two steps. In the first step the GIS analysis shows the area, number
and value classification of affected spots, lines and polygons. The next step has been to make an
additional qualitative assessment, and on this total basis give a ranking of the alternatives within
parts of routes. Within the theme Noise the number of inhabitants within the disturbance zones has
been used for ranking.
Within each part of route up to four alternatives are ranked. The 0-alternative will always be ranked
as the best alternative. After this the alternative alignments are ranked from 2 to 4, dependent on the
number of alternatives. In some cases two alignments can be equally ranked. If so, the next ranked
alignment is given the next score +1. For the main route 4 Coastal route, there is only one alignment
and rankings are only made for the 0-alternative and alignment D2.
The ranking of each part of the route has made it possible to put together different parts of routes
to form one main route. Because the distances of the parts of routes vary, such as the allocations
of potentially conflicting objects, this ranking is done not only by summing the rankings, but also
with more weight on the parts of route with the highest conflict potential. Any qualitative aspects
that influence the final ranking in the table “Ranking of alignments (summary of rankings)” is
eventually described verbally together with the table. In this report only the summary of main routes
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is presented. For more detailed information and ranking of each part of route see attachment
Environmental analysis.
The results from ranking of alignments for each theme are used as a base for the overall ranking of
the main routes for all environmental themes.

2.5

Quantities and costing

A bill of quantity was set up for each section of the high-speed line, based on the representative
alignments found in this study. Approximate quantities were estimated, according to a few main
categories. The bill of quantities is compiled in a tabular form, which is made by Atkins after
discussions with the four Norwegian consultants representing the corridors North, East, South and
West. The unit prices are treated in the same way. Finally Atkins has made a cost estimate using
their calculation program. These cost estimates have not been made available for the alignment
engineers. Atkins will have the full and only responsibility for the chosen unit prices.
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3 Scenario B: Upgrading of the present
train system
3.1

Potential upgrade sections

For Scenario B the Bergensbanen is divided into four sections.
1)
Bergen - Voss
2)
Voss - Myrdal
3)
Myrdal - Geilo
4)
Geilo – Hønefoss

3.1.1 Bergen - Voss
The Bergen - Voss section and Voss – Myrdal section are similar to each other. The existing line
follows close to the lakes and the fjords, through a lot of short tunnels and with tight curves and low
speed limit. In this area two large measures are recommended, namely two longer tunnels. These
tunnels replace the existing line along the fjord and increase the speed for a longer section. This
section has great potential to benefit from an increase in speed.
Table 3-1 Speed increasing measures for the section Bergen - Voss
Measures for Bergen – Voss
Travel time decrease
Takkvam - Trengereid : Single track 7km

4 min

Vaksdal - Stanghelle : Single track 15km

10 min

9 new passing loops

4,5 min

1 extended existing passing loop

Total travel time will decrease with 18.5 min on this section.
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Figure 3-1 Speed increasing measures on the section Bergen-Voss.

3.1.2 Voss -Myrdal
Myrdal – Voss is one of the most difficult areas along Bergensbanen. The existing valley is tight
and the gradient of the existing line is already on the limit. The speed limit is very low and difficult
to increase. The main measures along this section include new tunnels which straighten the line.
The existing line between Voss – Myrdal has an average climb of 16.4 per mille. The suggested
Voss-Brattåker and Reimegrend-Mjølfjell sections have an average climb of approximately 22.5 per
mille, which gives a lower average speed on these sections than wanted, but this is still one of the
sections that provide the greatest potential benefit from an increase in speed.
Table 3-2 Speed increasing measures on the section Voss - Myrdal
Measures for Voss - Myrdal
Travel time decrease
Voss - Kløve : Single track 5,5km

4 min

Kløve - Brattåker : Single track 2,5km

3 min

Reimegrend - Mjølfjell : Single track 5km

3 min

Mjølfjell : Double track 3km

2 min

4 new passing loops

2 min

1 extended existing passing loop

Total travel time wil decrease with 14 min on this section.
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Figure 3-2 Speed increasing measures on the section Voss - Myrdal.

3.1.3 Myrdal - Geilo
The existing line from Myrdal to Geilo is downhill from the mountains. Along this section there are
only two new lines which are recommended; partly in areas where the speed is very low. Along
the rest of this section it is very difficult to find new alternatives for new lines. The recommended
measures are mainly new tunnels which straighten the existing line.
Table 3-3 Speed increasing measures on the section Myrdal - Geilo
Measures for Myrdal - Geilo
Travle time decrease
Klevavatn - Låghellervatnet : Single track 10km

6 min

Gråskallen : Double track 4,5km

3 min

2 new passing loops

1 min

1 extended existing passing loop

Total travel time wil decrease with 10 min on this section.

Figure 3-3 Speed increasing measures on the section Myrdal - Geilo.
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3.1.4 Geilo - Hønefoss
TThe existing line from Hønefoss follows the road Rv7 to Ørgenvika close to Lake Krødern. Here,
some curved sections need to be straightened to allow for higher speeds.
From Ørgenvika the line follows Hallingdalen all the way up to Geilo. In these areas the valley is very
narrow and there is no space for new lines inside the valley. Here we have some suggestions for
new tunnels for higher speeds along some shorter sections.
Table 3-4 Speed increasing measures on the section Geilo – Hønefoss
Measures for Geilo - Hønefoss
Travel time decrease
Bromma : Single track 5km

3 min

Berg : Double track 2km

1,5 min

Gislerud - Engi : Single track 8km

4,5 min

Rud - Roppe : Single track 4km

3 min

Barnås : Double track 5km

3 min

9 new passing loops

4,5 min

1 new switch
2 extended existing passing loops

Total travel time wil decrease with 19.5 min on this section.

Figure 3-4 Speed increasing measures on the section Geilo – Hønefoss, part 1.
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Figure 3-5 Speed increasing measures on the section Geilo – Hønefoss, part 2.

3.2

Summary of scenario B

Scenario B is based on the travel time decreasing from 6 hrs 25 mins to approximately 5 hours. The
Ringeriksbanen is incorporated in the National Transport Plan (NTP), and we have consequently not
proposed speed-increasing measures between Oslo and Hønefoss. Our goal is to reduce the travel
time from Hønefoss to Bergen to 4 hours.
The terrain is far from ideal for a railway designed for speeds as high as 160 km/h. The existing line
has an average speed-limit of 73 km/h. The line has sharp curves with radius down to 250 m and
very steep gradients.
In order to achieve our goal of a travel time reduction, we propose the following measures to
improve the line:
•
New passing loops with lengths of 950 m
•
Extension of existing passing loops
•
New tracks (single and double)
•
New bridges
Passing loops every 5 to 6 km will increase capacity and reduce travel time. We recommend new
lines for long sections with very low speed limits. From a social point of view, improving the Bergen
– Myrdal line is the most beneficial railway investment. This will reduce the travel time by as much as
33 min. Improvements over the rest of the distance (Myrdal – Hønefoss) are expected to reduce the
time by 29 min.
To achieve a travel time reduction of 62 minutes, it will take 21 km of double tracks, 58 km of
new single tracks, 24 new passing loops and 4 extensions of existing passing loops.
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4 Scenario 2* and D: New alignment for a
high speed line
4.1

Route 1 Hallingdal

The route 1 Hallingdal is projected as a new line from Bergen station via Voss - Geilo Gol - Hønefoss to Sandvika and in Sandvika links up to the existing railway line to Oslo.

Figure 4-1 Route 1 Hallingdal.

4.1.1 Landscape and environmental interests
Section 1a Bergen – Geilo
The city of Bergen is situated on the west coast in landscape region 21 Outer fjord districts of the
West which has narrow valleys with green hillsides. There is a large amount of cultural development
with housing areas, agriculture, industry and infrastructure. The next regions are 22 Mid districts
of the West which have an undulating landscape varying from wooded hillsides to naked rock and
region 15 The low mountains in southern Norway characterized by mountains with steeper mountain
sides and naked rock. The existing Bergen Line can follow the valleys through these areas, but a
constrained new railway has no chance to do so. The new railway has to cross the large mountain
area between Bergen and Voss mainly in tunnels.
Further northeast the suggested railway reaches Vangsvatnet and Voss, in region 23 Inner districts
of the West. The main form is a large scale valley with hilly and undulating local forms. The rivers
and waters are characteristic elements in the valley. Voss is an important tourist and ski resort. The
town is situated along Lake Vangsvatnet. The traditional settlement pattern in the county of Voss is
still visible with farmhouses and cultural landscape. The valleys of Skjervet and Espeland are very
scenic valleys with waterfalls and winding roads and some registered nature types with high values.
Along the existing Bergen line there are several tourist attractions, where Flåmsbanen between Flåm
and Myrdal is the main attraction.
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Figure 4-2 Voss has a beautiful setting at Vangsvatnet.

Figure 4-3 The existing Bergensbanen. Foto: Njål Svingheim/JBV.

When leaving the area around Voss and Hardanger fjord further east, the landscape quickly rises
towards the Hardangervidda plateau. Hardangervidda is mostly situated in region 15 The low
mountains in southern Norway. The Hardangerjøkulen glacier forms a region on its own, 17 The
Glaciers. Here the glacier is the central feature. The highest peak at Hardangerjøkulen is 1861 m
above sea level. Hardangerjøkulen together with a large area southeast of the glacier is protected as
a national park. Hallingskarvet national park is situated north of Hardangerjøkulen. These national
parks are large, unspoiled areas with minor impact from infrastructure and other human related
activities. The existing Bergen line passes between these national parks. The whole area around
Hardangervidda is a habitat for wild reindeer which are defined as a protected biotope.
East of Hardangervidda there is an area of mountain forest in region 14 Mountain forest in southern
Norway. The landscape is a large scale landscape with paleic forms and modest depression where
the rivers and waters run. When getting closer to Geilo one enters region 11 Upper valleys and
mountains in Oppland and Buskerud. It is a large scale landscape with a u-shaped central valley.
The wooded hillsides are steeper than the mountain regions.
Section 1b Geilo – Hønefoss
From Geilo the main route follows the Hallingdal valley . The upper part of Hallingdal belongs to
region 11 Upper valleys and mountains in Oppland and Buskerud. It is a large scale landscape with
a u-shaped central valley. The wooded hillsides are steeper than the mountain regions. Hallingdal
is surrounded by region 14 Mountain forest in southern Norway. The landscape is a large scale
landscape with paleic forms and modest depression where the rivers and waters run. Geilo is one
of the large ski resorts with a lot of cabins and alpine slopes around throughout area. The traditional
settlement pattern in the Hallingdal valley is situated on the western slopes of the hillsides. This
is still a visible element in the landscape. The Bergen line has also triggered development of
settlements along the alignment in the bottom of the valley.
Around Gol the landscape changes from mountain character to a more lowland character. The
lower part of the valley of Hallingdal belongs to region 10 Lower valleys of the East. The valley is
wider with green hillsides, mostly covered in wood. The river Krøderen is a distinct element in the
landscape. On top of the hillsides the terrain is slightly undulating with coniferous forest.
When leaving Hallingdal towards the city of Hønefoss one passes through region 7 Forest areas
of the East. The main form of the landscape is wide valleys with moderate hillsides. On top of the
hillsides the terrain is undulating and covered in wood. It is a relatively monotonous landscape
without major variety in the local forms and dominated by the forest. In Soknedal the landscape
changes into a farmland region, 8 Lakes and silur districts of the East, with wide flat areas.
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Figure 4-4 The upper part of Hallingdal.

Figure 4-5 Soknadalen with undulating farmland surrounded by
forest.

Meandering rivers and ditches give a distinct character to the landscape. Although the landscape
appears quite calm, the variety and combination of active farmland together with visible cultural
monuments and the wide view, creates a good general impression of the landscape. Around
Hønefoss the density of important registered nature types increases.
Section 1c Hønefoss - Sandvika
Hønefoss is situated in a farmland region 8 Lakes and silur districts of the East, with wide flat areas.
Meandering rivers and ditches give a distinct character in the landscape and add high natural
values. South of Hønefoss the area is called Ringerike with a very rich cultural history. Between
the farmland area of Ringerike and the urban area of Oslofjorden is a forest area. The forest area
belongs to region 7 Forest areas of the East. The main form of the landscape is wide valleys with
moderate hillsides. On top of the hillsides the terrain is undulating and covered in woodland. It
is a relatively monotonous landscape without major variety in the local forms and dominated by
the forest. The landscape region 2 The Oslofjord has a strong urban character with a variation
in landforms from low coast to undulating ridges to steep slopes along the fjord. The “Marka”
area around Oslo and Hønefoss is an important recreation area for the habitants of the city of
Oslo and the surrounding areas. There are some areas protected as nature reserves, for example
Tverrbergskastet, Kjaglidalen and Kolsås in addition to a high density of important registered nature
types. The traditional settlement pattern is less visible in these densely populated areas.

4.1.2 Geology and ground conditions
General overview
In the urban areas of Bergen a significant thickness of fill material must be expected. The
origin of the fill material is not known and based on experience we must assume that the risk of
contaminated soil is high. The organic content of the soil is also often high. This greatly increases
the risk of settlement of nearby buildings, infrastructure and other structures.
Eastwards, as the terrain climb towards and across the mountain plateau the ground conditions
mainly consist of till, bedrock, landslide debris and residual deposits. The soils are mostly well
graded and are in general suitable both for foundation of structures, filling and other earthworks.
In the valleys, and near lakes and rivers both fluvial and glaciofluvial deposits must be expected.
Fluvial deposits are mostly made up of sand and gravel and are not expected to cause problems
relating to settlement or frost heaving, but in glaciofluvial deposits both silts and clays, which are
distinguished by being fine grained and having a low permeability, must be expected. In these
areas soil investigations should be executed to investigate deformation parameters and grain size
distribution to consider the risk of settlement and frost heave. We can also encounter areas with
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moor and thereby a high risk of settlement of structures caused by the high water and organic
content.
East of the mountain plateau, in Soknedalen, the planned track alignment descends to below
the highest known sea level after the last ice age. In these areas there are mainly marine and
fluvial deposits. Marine deposits consist primarily of clay and silt. These soils are very sensitive
both with respect to settlement and frost heave, and must be expected to have low strength and
bearing capacity. There is also a considerable risk of slope failure, which can have very serious
consequences if the clay is highly sensitive, or quick.  Detailed knowledge of the ground conditions
is crucial before starting the earthworks. The planned alignment crosses several classified Clay
Danger/Zones Clay Risk Areas (www.skrednett.no). The zones are classified as either low or
medium danger, and are defined in Risk Classes 2 through 4, where Risk Class 5 defines the highest
risk. These areas define places where there is a high risk of encountering quick clay.  In these areas
soil investigation is especially important.
East of Tyrifjorden and down towards Sandvika the alignment is planned mostly as tunnels, but
there will be two minor day zones, at Bjørum and near Sandvika. Here the soil conditions are mixed
and both marine, fluvial and glaciofluvial deposits might be expected, as well as fillings.
Regional geology (of southern Norway)
Rock types and tectonic setting determine the engineering geological conditions for tunnels. It
is therefore important to have knowledge about the general geology in the affected areas. The
alignment between Oslo and Bergen goes through formations originating from almost all parts of
Norway’s geological history. In the following the general geology is briefly explained.
The autochthonous basement rocks constitute the “bottom” of the geology. They originate from
Precambrian age and consist of a variety of rock types; mainly gneiss, granite, amphibolite
and quartzite. The rocks are typically metamorphosed and foliation is often well developed.
Approximately 70 per cent of the rocks in Norway are Precambrian.
At the time of the Cambrian age (600 million years) the Precambrian mountains eventually became
eroded. The land remained flat and became what today is called the subcambrian peneplan. Later,
the ocean flooded the flat land and thick layers of lime and clay were deposited. This process
developed rock types such as limestone, shale, slate and schist. Today these are found in the Oslo
region.
At the time of the Silurian and Devonian age the American and European continents collided. This
caused development of a mountain ridge (orogenesis) called the Caledonian mountain ridge. Huge
flakes of rock were transported hundreds of kilometres and pushed upon each other. These are
called the Caledonian nappes and are today separated by thrust faults with many kilometres in
length. Each Caledonian nappe has its own characteristic geological composition. They can consist
of volcanic oceanic rocks like basalt and greenstone, metamorphosed surface rocks like schist,
metasandstone and marble or “loosened” pieces of the Precambrian rocks like gneiss and granitic
gneiss. Older rocks are often found thrusted over younger formations. Between the Caledonian
nappes and the subcambrian peneplane, phyllite is often found in thick layers. These are heavily
deformed rocks developed in the shear zones. They originate from sedimentary deposition during
the orogenesis.
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During the Permian age Norway was exposed to regional tectonic extension. The land was
dominated by heavy volcanic activity. Magma penetrated through cracks and joints and developed
dikes and domes of crystalline rocks such as granite, basalt, syenite, diorite, diabase and many
other types. Today these are found intersecting older rock types all over the country.
Later on the Caledonian mountains became eroded. Precambrian rocks are therefore seen today
at surface level through “Precambrian windows”. The thickness of the Caledonian rocks is typically
decreasing towards the east.
Tectonic setting and stress situation
The Caledonian nappes were transported from west to east. Geological lineations are therefore
often oriented west-east (slickensides etc), while fold axes are often oriented north-south.
While the vertical stress component is often related to the weight of the overburden, the horizontal
stress component is more related to horizontal stresses due to tectonic activity and residual
stresses. In general the horizontal stresses in Norway are higher than the vertical. An example
proving this is the spalling rock in the Lærdalstunnel. Even though the overburden was more than
1000 m, the location of spalling and rock burst was in the crown and floor. But even close to the
surface horizontal stresses can be high. This phenomenon generates high deviational stresses;
i.e. high deviation between the main stress components. This can often result in rock burst in
Norwegian tunnels.
Horizontal stresses seem to be highest in the Precambrian gneisses and granites in the western part
of the country and also in Permian intrusive rocks in the Oslo region. In general, horizontal stresses
are lower in the Caledonian nappes. However, there are many exceptions.
The highest horizontal stress component’s orientation varies, but there is a tendency of east to
west orientation. However, local conditions like weakness zones and topography are influential. One
phenomenon is that the general stress level increases as the tunnel face gets closer to a weakness
zone; or a zone with lower stiffness (E-modulus), and drops suddenly when the zone is reached.
The explanation is that hard, stiff rock mass “takes” all the stresses while more soft material is
relaxed. Another typical relevant phenomenon is the stress situation gets more anisotropic close to
surface under or next to valleys. Here stresses concentrate close to the surface so that the surface
parallel component is high while the component perpendicular to the surface is low. This is relevant
especially for tunnels going parallel to valley sides, when deformations in the tunnel appear at
distinct places along the profile.
Engineering geological classification
Costs for tunnelling depend on the rock mass conditions and the risk of negative environmental
influence. In order to reach acceptable stability and security against deformations in bad rock
conditions, more expense is put in rock supports such as bolts and concrete linings. In urban
areas there are strict requirements for water leakage in order to prevent drainage of groundwater.
Groundwater issues are also relevant in more rural areas when there is a risk of draining lakes and
drying out soil and vegetation of great value. A tight tunnel is constructed using pre-grouting. This is
a good and well established method in Norwegian tunnelling, but it can be very expensive.
Based on the expected degree of tunnel costs, tunnels are divided into sections of three different
tunnel classes; good rock quality, moderate-poor rock quality and very poor rock quality. The
classification is based on the Q-system and Statens vegvesen (SVV) rock support classes for road
tunnels, see Table 4-1.
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Table 4-1 Tunnel class overview
Q-value

4 - 100

0,1-4

<0,1

SVV
rock support
class

I+II

III+IV

V+VI

HSR phase III
tunnel class

A

B

C

Systematic bolting (c/c 2 m),
end anchored, tensioned and
grouted bolts.

Possibly spiling bolts;
grouted

Spiling bolts; fully grouted;
c = 200-300 mm and Ø =
32 mm

Rock support
concept

Shotcrete B35 E700; 80 mm
thickness; sprayed down to
floor.

Shotcrete B35 E1000,
thickness 150 mm.
Possibly armed shotcrete
ribs.

Shotcrete b35 E1000;
thickness 150 – 250 mm;
Systematic bolting; c/c =
1-1,5 m; end anchored;
tensioned and fully
grouted.
Armed shotcrete ribs;
double layered (D60/6+4,
Ø20mm c/c = 1,5 – 2 m
Armed cast concrete on
floor.

Tunnel class A refers to tunnelling cost using “normal” rock support such as bolts and shotcrete.
Good rock conditions such as massive, crystalline and metamorphic rocks with few joints and
weakness zones usually belong to class A. Class B implies increased use of bolts and shotcrete
and/or sporadic use of pregrouting. The rock mass is more jointed and/or there are unfavourable
stress conditions. Tunnels in schist from the Oslo region and phyllite between the Caledonian
nappes are often in class B. Class C means use of heavy rock support methods such as full
concrete lining, armed shotcrete ribs, systematic pre-grouting, pilot tunnel and/or other expensive
methods. Tunnels categorized as tunnel class C are often situated in and close to weakness zones
such as thrust faults between Caledonian nappes. Folded stiff rocks such as gneiss and granite
often tend to have open water leading cracks and tunnels here can also be classified as C.
Rock conditions along the corridor
Geological conditions along the corridor are assumed to be more or less similar for the different
scenarios. In the following, the D1 alignment from Bergen to Sandvika is followed in terms of
geological conditions. It is estimated that for the whole corridor the distribution of tunnel classes are
55 per cent of class A; 39 per cent of B and 6 per cent of C.
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Figure 4-6 Estimated distribution of tunnel classes along the Hallingdal corridor.

Km 0 – 28: The Bergen region
The stretch consists mostly of tunnels. The geological region is called “Bergensbuene” (i.e. the
topographic arcs around Bergen). The Caledonian nappes are folded in the horizontal plane and
create a characteristic topographic structure formed as concentric mountain ridges around Bergen.
The section starts (in Bergen) in the Samnanger complex, then it goes through the Blåman nappe,
the Lindås nappe and then the Samnanger again. The Samnanger nappe consists of metamorphic
cambrosilurian rocks such as foliated quartzdiorite, mica schist, marble and metabasalt. There
are also ophiolitic rocks like peridotite. The Blåman nappe consists of Precambrian gneiss and
migmatite. The Ulriken gneiss complex field contains seven zones of mylonitic gneiss. The Lindås
nappe consists of anortositic rocks.
The region is characterized by extremely varying geology. The stress level is low to moderate, even
with high overburden. No large stress related stability problems have been reported from existing
tunnels. However, tendencies of spalling occurred in the railway tunnel through Ulriken. There are
several regional shear zones and steep crushing zones. These can potentially be unstable and need
to be supported. Crushing zones are typically classified as tunnel class C. Approximately 3 per cent
of the existing railway tunnels in the region are supported by full concrete lining.
The main joint set has strike oriented north to south, which is favourable since the tunnels are
oriented mainly east to west. In general, tunnel class B dominates this stretch.
Km 29-53: The Bergsdalen tectonic unit.
Rock types are deformed gneiss; tonalitic and granitic. These are from the Precambrian age but
were transported and influenced by tectonic activity during the Silurian and Devonian age. Fold
structures are common and foliation is sporadically well developed. The rock mass quality is
considered as generally good for tunnelling. However, there are sporadic crushing zones with clay
infilling. The clay minerals often have swelling capacity which can generate stability problems. Joints
are mainly striking north to south. Water problems are not typical in this region.
Km 54-110: Phyllite
The phyllite originates from cambro-silurian sedimentary rocks, overthrusted by the Caledonian
nappes. It is partly carbon carrier rock with highly well-developed foliation. It is soft with low
mechanical strength. Phyllite is a plastic material and hence joints and cracks tend to be closed
and sealed. Water problems are therefore seldom in this rock type. Sporadically it can be extremely
foliated and schistose. Stability problems are common in such conditions.
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Towards the east the phyllites become more sandy and the content of quartz increases until the
rock is a quartzite with schistose structure. The foliation strikes north to south with 45 degrees dip
towards the east. Between km 78 and km 99 the alignment goes into the Slettafjell nappe and the
Skorafjell nappe.
Km 78-99: The Slettafjell nappe and the Skorafjell nappe
The Slettafjell nappe is situated upon the phyllite, and the Skorafjell nappe is on top of the Slettafjell
nappe. The lowermost formation is composed of meta-sandstone and schistose quartzite. The other
is composed of granodioritic and granitic gneiss and augengneiss. Mylonite exist sporadically. The
rock mass quality is expected to be generally good. Yet heavy support and water leaks should be
expected in some of the mylonitic zones and in the transition zones between the different tectonic
units.
Km 111-165: Precambrian autochthonous rocks west of the Mandal-Ustaos faultzone
The alignment in this section consists mostly of tunnels and the longest is about 40 km going
under the Hardangerjøkulen. The long tunnel starts in the phyllite, but after approximately 2 km it
crosses the boundary between phyllite and the basement rocks. In this area stability problems and
water leaks should be expected. Under the Hardangerjøkulen the rock overburden is about 900
m. Spalling and rock burst is likely. The rock is hard and brittle; consisting of granite, augengneiss,
granitic and granodioritic gneiss. As it get closer to the Kalhovd fault (at km 165; the western
boundary of the Mandal-Ustaoset fault zone), the rock mass is more folded. Water leaks are often
related to open cracks close to folds. Extensive use of pre-grouting can therefore be relevant in this
area. In terms of stability the rock is expected to be of generally good quality.
Km 165-258: Precambrian autochthonous rocks east of the Mandal-Ustaos faultzone
The geology along this section consists mainly of Precambrian sedimentary rocks and volcanic
supracrustal rocks. There are also long sections consisting of younger plutonic rocks such as
tonalite, granite and augengneiss of good quality. The most common rock types are quartzite and
metasandstone. They are typically schistose, but the quartzite is also often massive. The material is
generally extremely hard and low drill rate is expected.
The Kalhovd fault zone is found at approximately km 165. The following 3 to 4 km (east of the
Kalhovd fault) consist of a huge fault zone. Here stability problems and water leaks will be highly
probable.
The tunnel between km 173 and km 176 is located in the Rjukan group. These rocks consist of
metatuff. Stability problems can be expected here. Between km 250 and km 258 there is an epidote
carrying metasandstone. The epidote mineral tends to break up when it becomes exposed to water
and atmospheric conditions. This may also generate stability problems.
Km 258-317: The Kongsberg complex
The geological complex is found between Noresund and Hønefoss. The most common rock type
is gneiss; often bonded. Closer to Hønefoss mica schist occurs quite commonly. Engineering
geological conditions are extremely varying. There are several weakness zones containing crushed
rock and clay. So called fahlbonds occur sporadically. These are sulphide carrying zones and
consist mainly of rusty mica. However, in between the weakness zones, the rock mass is often of
good quality.
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Km 317-355: The Oslo region
The section from Hønefoss to Sandvika goes through the geological area called the Oslo region.
The geology is varying and the many rock types can be categorized as follows:
•
Cambrosilurian sedimentary rocks
•
Younger sediments from upper Carbon (the Asker group)
•
Permian extrusive igneous rocks
•
Permian intrusive igneous rocks
The engineering geological conditions vary. The cambrosilurian rocks are folded and penetrated
by igneous dikes. Stability problems often depend on the orientation of the layering. Also the dikes
often present stability problems and also water leaks. Dikes are stiffer than the surrounding shales
and are therefore often heavily fractured. This makes them often carry large amounts of water.
The Asker group can represent a major stability problem. The formation consists of a 30 m thick
layer of loose sediments. It is a planar, nearly horizontal layer situated upon the cambrosilurian
rocks. Tunnels should avoid going parallel to the sediments.
Above the Asker group are the Permian lava flows. These are generally of good quality. Stability
problems are associated with the upper parts of each lava flow. This material can be porous and
weak. It is not favourable to place a tunnel along and parallel to a top part of a lava flow.
Special issues
When carrying out earthworks and foundation of structures in urban areas, soil investigations to
reveal soil contamination will be required. It will also be necessary to perform ground investigations
to determine the organic content of the soil. Where this is detected, fill replacement must be
expected. Possible measures related to organic soil also include the use of lightweight filling
material and pile foundations.
There are known moor areas around Øvrebø in Samnanger, near Voss, Uppsete and Steinsmyr
in Soknedalen, but other areas must be expected. Because these soils are extremely sensitive
to settlement, it will be necessary to either replace the soil with more suitable material or locate
structures and tracks on piles to bedrock or firm soils.
In areas with glaciofluvial deposits it is vital to obtain knowledge of the deformation parameters
and grain size distribution. Structures and embankments on silt and clay soils may experience
settlement and frost heave. Fill replacement with well drained materials is advised.
In areas with marine deposits, soil investigations should be performed to obtain information about
strength and deformation parameters. These soils are typically extremely vulnerable to settlement
and have low strength. For embankments and structures, measures such as fill replacement,
possibly with lightweight materials, pile foundation or soil improvements must be expected. For both
cuttings and fillings it is also important to make sure that slope stability is within the required factor
of safety.
Day zones and bridges situated in hillsides, alongside fjords and through valleys, will be exposed
to the risk of landslides and avalanches. Especially near fjords and valleys west of the Hardanger
Plateau the risk of both rock slides and avalanches can be substantial. Measures discussed in the
Phase 2 documents of the Norwegian HSR assessment must be applied to these areas.
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4.1.3 Stations along the Hallingdal route

Figure 4-7 The Hallingdal route with the three alignments D1 (red), D2 (green) and 2* (blue).

The 1 Hallingdal route is assessed with all the three alignments D1, D2 and 2*.
In the 2* alignment all stations along the present Bergen railway would be recommended to remain.
In those locations that all three alignment alternatives are possible, also station location and design
are mentioned in the 2* alignment. Remaining station locations along the existing Bergen railway in
a 2* alignment will not be evaluated in this report.
Differences in the alignment between D1 and D2 will impact on the location of stations. Other
important location parameters are related to the location type and station design category.
Table 4-2 Communities along the Hallingdal route listed for potential station locations, and their population
Potential communities along the Hallingdal route
Suggested station
locations

Inhabitants municipality

Bergen

260 000

Inhabitants community
(in case it differs from the
municipality)

Population progress until year 2024

30 %

Arna, see Bergen
Voss

14 000

5500

1,3 %

Myrdal

177

0

Finse

1200

Geilo

4500

2300

NIA

Ål

4700

2300

Stable

-5%
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Gol

4500

11 %

Nesbyen

3500

3%

Hønefoss

30000

Stable

Evaluation of stations along route 1 Hallingdal
Station location

Feasibility

Bergen

- End-to-end station.
- All the alignments reach the existing
station in the centre of Bergen.

Arna

- Two possible D1 and D2 alignments give two different station locations: one in the city
centre and one far south of the centre.
- Both locations would be very close to the endto-end station Bergen.

Voss

- Regional centre and hub.
- D1 and D2: High difficulties. Station on bridge/in tunnel. Requires additional road system.
- In a 2* alignment the station could be located
close to the present ski resort.

Finse and Myrdal

- High tourism industry
- Neither D1 or D2 are passing.
- 2* alignment is possible. Station location could be in present locations. Would maintain
the important connection to the Flåmsbana railway.

Gol

- Station location far from centre
- High technical difficulties with the possible station location.
- Sparsely populated

Ål

- Alignments passes south of centre.
- Suggested station location is close enough to serve both Gol and Ål.

Nesbyen/Gol (between
the two communities)

- Possible hub for connecting busses to Hemsedal.
- Sparsely populated

Nesbyen

- Alignments passes the central part of Nesbyen
- D1 and 2*: station location near ski centre north side.

Geilo

- D2: station location near ski centre south side.
- All locations demand connecting infrastructure to the community centre
- City is a region centre
- D1: station location west of centre.

Hønefoss

- D2: station location at present location or east of centre.
- 2*: station location at present station.
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4.1.4 Alignment for Scenario D1
Line section 1a Bergen – Geilo
The existing Bergensbanen railway line turns to the north from east of Bergen station and mostly
follows the southern shoreline of Sørfjorden, Veafjorden und Bolstadfjorden to Voss. The 86 km line
between Bergen and Voss runs through approximately 50 tunnels with an overall length of 44 km.
For a high-speed line, a routing along the Fjord flanks with radii of 6 300 m is virtually impossible
and could only be realised with an almost continuous tunnel structure. Therefore, for the line section
Bergen – Voss, a straighter, approximately 72 km route was devised.
The line runs from Bergen station to the east and passes under the Ulriken Mountain with an
approximately 6.5 km tunnel structure. The line crosses the southern part of the Arna valley in a
short open section and then passes under Svartavatnet in an approximately 8.6 km tunnel. North
of the Trengereidfjorden the route exits the tunnel and runs to the east through the Grønsdalen.
From the Grønsdalen the line passes under the Bukkafjellet Mountain in an approximately 11 km tunnel
and exits into the Bergsdalen at approximately km 46 at a height of approximately + 540 m AMSL
(above mean sea level). After an approximately 1.5 km open track section, the line passes under the
Hamlagrøhornet in another 10 km tunnel and again exits southwest of the Vangsvatnet lake in an open
track section. Then the line runs south of the Vangsvatnet and crosses the Bordalen valley south of Voss.
Of the 72 km of line described above, a total of approximately 46 km of tunnels are necessary.
Through the inclination of the route from Bergen (approximately + 5 m AMSL) to a height of about
+540 m AMSL in the Bergsdalen, a maximum tunnel length of about 11 km could be attained.
Due to the limitation of the route gradient to 12.5 per mille, the community of Voss cannot be
accessed from the south with this alignment. However, because of the steep valley after Voss, a
new line cannot leave Voss towards the east with that gradient. As a result the line would need an
extremely long tunnel through the mountains, starting near Voss and ending 70 km to the east.
Thus, to maintain the 12.5 per mille gradient, the proposed line runs at a height of about + 270 m
AMSL just south of Voss. This provides opportunities for a better route.
For passenger trains it will be possible to reach the existing station in Voss with an extra loop, using
the steeper gradients of 25per mille. This is shown as a part of the C alignment. Although possible
to build, it would be a very expensive solution. To serve the local commuter trains stopping at all
stations, the existing line between Bergen and Voss probably has to stay as it is to serve the local
and commuter traffic.
The Bergensbanen railway line ascends from Voss station AMSL + 56 m via Myrdal to Finse to a
height of AMSL + 1 222 m with a section length of 83 km. Based on topographical factors with
gradients of about 20 per mille, a D1 line is not possible here. With a straighter route as required
for a high-speed line and a limitation of the gradient to 12.5 per mille, Myrdal and Finse cannot be
accessed.
Thus, the line will be routed south from Voss towards the Granvinsvatnet and then through the
mountain north of the lake in an easterly direction through the Espelandsdalen valley. The line runs
north of the Espelandsvatnet. After an approximately 4 km tunnel under the Vassfjøro mountain at
approximately km 105, the line exits into the Norddalen on a short open section and then passes
under the Hardangerjøkulen in a 40 km tunnel with a gradient of 12.5 per mille. At a height of + 1
060 m AMSL the line runs into an open track section. The route passes south of the Ustevatnet and
approaches Geilo northwest of the Ustedalsfjorden.
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Figure 4-8 Valley bridge east of Geilo.

The existing Geilo station is situated at a height of AMSL + 794 m. With a line gradient of 12.5 per
mille the new alignment reaches Geilo, coming from the line peak at the Bergsmulfjorden (approximately
+ 1 100 m AMSL), at a height of approximately + 900 m AMSL. Therefore, the line is routed north of and
above the community. It passes below the skiing area in an approximately 3 km tunnel.
Line section 1b Geilo – Hønefoss
East of Geilo the line crosses the Ustedalen valley from the north to the south on a viaduct. After
an approximately 7 km tunnel under the Sangefjellet, the line is routed on the south side of the
Hallingdal. From Geilo the line has to be projected almost continuously with a descent of 12.5
per mille to Nesbyen (approximately + 240 m AMSL). This leads to unalterable height levels in the
area of the communities Ål and Gol. At Gol, the mountain ridge south of the Hallingdal can only be
passed through with two 4.0 + 9.5 km tunnel structures over a length of about 14 km. Exiting the
tunnels, the line changes over to the eastern side of the Hallingdal and is routed above and north of
Nesbyen. Alternatively, it would be possible to pass through Nesbyen on the existing Bergensbanen
line. However, this would require gradients exceeding 12.5 per mille.

Figure 4-9 Alignment option through Nesbyen on the existing line.
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Southeast of Nesbyen the line runs in shallow curves northeast of the existing Bergensbanen line to
Sokna. Despite an alignment with the smallest possible radii (6 300 m) 11 tunnels with a total length
of approximately 44 km are necessary on the approximately 60 km section between Nesbyen and
Sokna.
To maintain an open track section in the area of Breidvatnet and Langevatnet lakes (AMSL + 290
m) an unalterable height level of around AMSL + 170 m results for the Sokna area. Therefore, a
northeast bypass was planned for Sokna. As for Nesbyen, a passing through the community along
the existing Bergensbanen line would be possible, provided the permissible route gradient could be
raised to more than 12.5 per mille.
Southeast of Sokna the route follows the Soknedalen valley to Hønefoss. The new route runs close
to the existing Bergensbanen line and runs south of Hønefoss.
Line section 1c Hønefoss – Sandvika
Between Hønefoss and Sandvika, the so-called Ringeriksbanen is to be built. The line is planned
for a top speed of 200 km/h, and follows a route east of Steinsfjorden. It does not use the shortest
route, and also includes a couple of smaller stations along the line. Due to small curve radii this
alignment cannot be used as a D1 option. Thus an alignment west of the Steinsfjorden with a
crossing north of Storøya Island was planned for the section between Hønefoss and Sandvika.
South of Storøya the line runs in a 15 km tunnel to Smedstad. After a short open track section, the
line turns to the east in another 5 km tunnel and in Sandvika links up to the existing railway line Oslo
- Drammen.
Summary
The route length of the alignment described above between Bergen and Sandvika is 355 km.
Tunnels with an overall length of around 217 km and 40 large bridge structures have to be
constructed on the line. Thus, the tunnel portion of the line is about 61 per cent.

4.1.5 Alignment for Scenario D2
Line section 1a Bergen - Geilo
The alignment for Scenario D2 in line section Bergen - Voss mostly corresponds to the alignment of
Scenario D1, due to the constraints (peak Bergsdalen / low Voss) described under Scenario D1.
As an alternative to this alignment, a southern route via Norheimsund was investigated. The main
goal was to reduce the tunnel portion of the line. The D2 southern alignment follows D1 from Bergen
to km 22 at the Grønsdalen, and is then routed south through Kvamskogen. Near Norheimsund the
line turns to the east and runs on the north side of the Hardanger fjord almost as far as Ålvik. At
Ålvik the line turns back to the north and enters into the Bordalen with a tunnel. In the Bordalen the
line is then routed in direction of Voss and joins the D2 alignment towards the Espelandsdalen valley
with an almost 180 degree turn.
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Figure 4-10 Option: Southern alternative for a D2 alignment.

The approximately 66 km D2 South alignment as described above has an additional length of
around 12 km in comparison to the D2 North option (km 76 - km 22 = 54 km). The D2 North option
requires the construction of about 28 km of tunnels between km 22 - km 76, whereas 32 km of
tunnels are necessary on the 66 km D2 South option. Despite the application of radii up to 3 000
m and gradients up to 25 per mille, no advantage could be established for this alignment option in
comparison with the northern D2 route.
In option D2 the northern corridor corresponding to the D1 option is recommended between Bergen
and Voss, with the exception of some shorter line optimisations with smaller curves.
As described under Scenario D1, the existing station in Voss can be reached, using the greater
gradient of 25 per mille. This is shown as a part of the 2* alignment.
It is also possible to reach the existing station of Voss from the D2 line using a branchline from the
HSR. This would allow the high speed trains to pass the community without a stop to maintain the
time table. Ordinary trains that do not have the same time saving demand can go from the HSR onto
the branchline to the community, make a stop there, and then continue the route on the HSR. For
the branchline an alignment for lower design speed should be used.
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Figure 4-11 Alignment options around Voss.

For the crossing under the Hardangerjøkulen, the alignment of the D1 option is maintained as in the
Bergen – Voss section due to the unalterable height level constraints.
From the line peak at the Bergsmulfjorden the line runs to Geilo on an almost identical alignment,
but with a gradient of 25 per mille. This gradient allows the line to reach the existing height of the
track facilities in Geilo. As the existing track facilities in Geilo, just like the existing buildings, leave
no room for line improvements for high-speed operation, the D2 option takes the line south of the
Ustedalsfjorden. This alignment also avoids an additional crossing of the Ustedalen. The track
facilities in Geilo could be arranged below the built-up area south of the Ustedalsfjorden.
Line section 1b Geilo – Hønefoss
Starting from the southern position in the Ustedal valley the D2 alignment mostly follows the D1
option almost as far as Gol. However, through the application of a steeper gradient and radii up to
5 100 m the tunnel portion could be reduced substantially. For example, the tunnel sections in the
mountain ridge near Gol can be reduced in the D2 option from 13.5 km to approximately 7 km.
South of Gol the D2 alignment follows the southwest side of the Hallingdal to around Fla. The
built-up area of Nesbyen is passed under on the south side of the valley in a tunnel section. East
of Flå the line crosses the Hallingdal and is then routed similar to the D1 option northeast of the
Bergensbanen. Through the application of a steeper gradient the existing Bergensbanen route in
Sokna can be used for the D2 alignment. Southeast of Sokna the line follows the Soknedalen valley
to Hønefoss, as the D1 options. The D2 route runs close to the existing Bergensbanen line and leads
directly to the existing Hønefoss railway station. Behind the station the alignment follows along the
riverside and crosses the river westwards.
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Line section 1c Hønefoss – Sandvika
For the line section between Hønefoss and Sandvika, as in the D1 option, an alignment west of the
Steinsfjorden with a crossing north of Storøya Island was developed. From there, the line runs in an
approximately 7 km tunnel to approximately Sollihøgda. After a short open track section, the line
turns to the east in another, 9 km tunnel and in Sandvika links up to the existing railway line Oslo Drammen.
The length of the D2 line as described above between Bergen and Sandvika is 362 km. Tunnels with
an overall length of around 181 km are required for this option. Thus, the tunnel portion of the line is
around 50 per cent.

4.1.6 Alignment for Scenario 2*
Unfeasible alignment with 12,5 per mille gradient and stations in the town centres
The alignment study for Scenario 2* aimed for a connection into the existing stations combined with
a maximum flat gradient of 12.5 per mille. This proved to not be feasible. With the stations as a fixed
point in the line, the HSR line cannot follow the optimal alignment. This leads to an extremely high
tunnel share, resulting in a sort of underground high speed line, and even then some stations could
not be connected properly. Thus the alignment parameters for the 2* scenario had to be changed on
this route. For the section between Bergen and Geilo the connection to Voss station was preferred,
resulting in an alignment allowing a steeper gradient of 25 per mille. East of Voss towards Hønefoss,
most towns are very small. Therefore the alignment strictly follows a gradient of 12.5 per mille, but
cannot connect into all the existing stations.
Line section 1a Bergen - Geilo
As the option investigation with a D2 alignment towards Norheimsund has shown no major
improvement compared to the basic D1 alignment, it is recommended to keep an alignment close to
D1 between Bergen and Voss for the 2* option. For a detailed alignment study, minor improvements
can be found due to tighter curves for Scenario 2*.
The existing track position of the Bergensbanen through Voss station is a part of the recommended
2* alignment in this section. This allows the existing Voss station to be connected with the HSR
line, with good accessibility for the passengers. For the link of the D1 route west of Voss to the 2*
alignment in Voss station, a connection was developed. This connection can only be realised with
gradients of 25 per mille.
A suitable alignment for a high-speed line from Voss station to the east is virtually impossible within
the built-up area. To approximate the existing route in the built-up area, radii of about 800 m are
required. Even with a cant of 150 mm, a radius of 800 m can only allow for a maximum speed of 130
km/h.
The line ascend from Voss (AMSL+ 56 m) via Myrdal (AMSL + 866 m) to Finse (AMSL + 1 222
m), which leads to an average gradient of 14 per mille on a length of 83 km on the existing
Bergensbanen route. As a result of topographical constraints the resulting line gradient would be
about 20 per mille in most sections.
With a straighter alignment as required for 250 km/h, the length of the line between Voss and Finse
is reduced to about 70 km. This alone results in an average gradient of 16.7 per mille. As a result
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of the topographical constraints the design for the line section between Voss and Finse therefore
requires gradients up to 25 per mille.
The above route investigations show that the alignment parameters for Scenario 2* cannot be
achieved between Voss and Geilo.
Under application of gradients up to 25 per mille between Voss and Finse, however, a high-speed
line for 250 km/h with a tunnel portion of about 40 per mille may be possible between Voss and
Geilo. Between Finse and Geilo a somewhat flatter gradient of less than 12.5 per mille can be used,
for long sections.
The 2* alignment services Myrdal and Finse. From the Bergsmulfjorden the line follows the
alignment of options D1 and D2 respectively south of the Ustevatn. In the area of Geilo the 2* option,
just as the D1 option, is routed on the north side above the built-up area under consideration of
a maximum line gradient of 12.5 per mille. A direct cross-city route through Geilo on the existing
Bergensbanen line should be ruled out with respect to the buildings and the extremely small
radii. Line improvements could only be achieved with substantial changes to the existing building
structure.
Line section 1b Geilo – Hønefoss
East of Geilo the line crosses the Ustedalen valley from north to south, as in the D1 option. After
an approximately 5 km tunnel under the Sangefjellet, the line is routed on the south side of the
Hallingdal valley, mostly corresponding to the D1 alignment. However, through the application of
smaller radii of 4 200 m, the tunnel portion can be further reduced. The tunnel section of the 2*
option in the mountain ridge near Gol, for example, can be reduced from 13.5 km (option D1) to 5
km.
After the tunnels, the alignment takes the route to the east side of the Hallingdal. Because a
maximum gradient of 12.5 per mille should not be exceeded in the design for option 2*, the
alignment was adapted to the line that has already been planned for option D1 with 12.5 per mille.
Therefore, the 2* option runs along the northeast side of the Hallingdal valley. In comparison with
option D1, it is clearly visible in the layout plan, that with the application of 3 000 – 4 000 m radii,
the tunnel sections can be reduced substantially, partly even avoided completely. For that matter it
should be noted that for both options 2* and D1 in this section, only gradients up to 12.5 per mille
are used. In Hønefoss, the 2* option is integrated into the existing Bergensbanen track facilities in
the south section.
The length of the line between Bergen and Hønefoss under the alignment described above is
332 km. This route requires the construction of tunnels with a total length of about 130 km and
approximately 41 large bridge structures. The tunnel portion of the line is about 39 per cent.
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Figure 4-12 Sørfjorden have a good climate for fruit growing.
At the other side the mountains of Folgefonna rises high.

4.2

Figure 4-13 Buerdalen south of Odda with a view towards the
glacier of Folgefonna.

Haukeli

The Haukeli route is planned as a new line from Bergen station via Odda - Røldal - Haukeligrend - Bø Notodden - Kongsberg to Drammen and in Drammen links up to the existing railway line to Oslo.
The Haukeli route is planned as a new line from Bergen station via Odda - Røldal - Haukeligrend Bo - Notodden - Kongsberg to Drammen an in Drammen links up to the existing railway line to Oslo.

Figure 4-14 Route 2 Haukeli.

4.2.1 Landscape and environmental interests
The description of the landscape is based on the The National Referencing System for Landscape
(NIJOS – Nasjonalt referansesystem for landskap). The system has categorized Norway into 45
different landscape regions based on their unifying characteristics. The description also includes
the most valuable areas according to landscape, cultural heritage, natural environment and
recreation.
Section 2a Bergen - Røldal
The city of Bergen is situated on the west coast in landscape region 21 Outer fjord districts of the
West which has narrow valleys with green hillsides. There is a large amount of cultural development
with housing areas, agriculture, industry and infrastructure. The next regions are 22 Mid districts
of the West which have an undulating landscape varying from wooded hillsides to naked rock and
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Figure 4-15 The nature invites to hiking in the summer.

Figure 4-16 Farmland around Bø in Telemark.

region 15 The low mountains in southern Norway with a mountain character with steeper mountain
sides and naked rock. Although the Hardanger fjord is not a protected area, the landscape has high
values and is one of the most well-known fjords on the west coast. There are some areas with high
nature values close to the proposed alignment. The traditional settlement pattern is still visible along
this alignment, particularly close to the fjords.
South of the Hardanger fjord the landscape is very dramatic with high mountains covered with
glaciers. The Folgefonna glacier and the surrounding mountain area belong to region 17 The
Glaciers with the glacier as the central feature. Folgefonna is protected as a national park.
Sørfjorden, which is a part of Hardanger fjord, and the connecting valleys south of Odda belongs to
region 23 Inner districts of the West. The main form is narrow valleys with hilly and undulating local
forms. The mountain sides are steep. The rivers, great waterfalls and waters in the valley are distinct
elements and have contributed to give the valleys plain bottoms suited for agriculture, especially fruit
farms. Important nature types are registered in this area. There are several protected watersheds in this
region. The terrain rises quickly in the east towards the mountain area of Haukeli. Haukeli belongs to
region 16 The high mountains in southern Norway with wide sights and barren vegetation.
Section 2b Røldal – Kongsberg
Røldal is situated in one of the narrow valleys in region 23 Inner districts of the West. The main form
is narrow valleys with hilly and undulating local forms. The mountain sides are steep. The rivers,
great waterfalls and waters in the valley are distinct elements and have contributed to give the
valleys plain bottoms suited for agriculture. The terrain rises quickly towards the mountain area of
Haukeli. The highest elevation is +1554 m. It is not possible to reach these elevations with a HSR
line, thus the area must be passed in tunnels. Some of the high mountain areas are protected as
national parks. The whole area around the Haukeli Mountain is a habitat for wild reindeer. Protected
watersheds are found along the route. There are also a few ski resorts at Haukeli.
East of Haukeli the terrain is less dramatic. The valleys belong to region 12 Valleys and mountains in
Telemark and Aust-Agder. It is a complex landscape with short, crooked valleys and long lakes. The
areas near the high mountains have an alpine character with woodlands and agricultural areas in
the lower parts. Some areas between Haukeli and Bø are protected as nature reserves. Presteheie
north of Vinje is one of these.
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Figure 4-17 Farmland around Bø in Telemark.

The densely populated areas Bø and Notodden are situated in landscape region 4 Lowland valleys
in Telemark, Buskerud and Vestfold. The landscape has low/moderate ridges. U-valleys are the most
common shape of the valley and there are large areas of farmland. The traditional settlement pattern
is situated on the sunny side of the well-drained slopes. Several limestone deposits give steep valley
sides. The forest areas that surround the valleys belong to region 7 Forest areas of the East. The main
form of the landscape in this region is wide valleys with moderate hillsides. On top of the hillsides the
terrain is undulating and covered in woodland. It is a relatively monotonous landscape without major
variety in the local forms and dominated by the forest. Kongsberg is situated in the most southern part of
Numedal, in region 10 Lower valleys of the East. The Numedal valley is wide with green hillsides, mostly
covered in woodland. The river Jondalselva is a distinct element in the landscape. On top of the hillsides
the terrain is slightly undulating with coniferous forest. There are some protected areas, both along the
water system of Heddalsvatnet – Sauar - Norsjø and in the forest areas south and west of Kongsberg.
Due to traditional mining and early industrial history there is a large area with remnants from mining
activities which is protected as a cultural heritage site. The area is more densely populated than the rest
of the route which means that the landscape is often used for recreation.
Section 2c Kongsberg – Drammen
The city of Kongsberg is situated in the most southern part of Numedal, in region 10 Lower valleys
of the East. The valley is wide with green hillsides, mostly covered by forest. The river Jondalselva
is a distinct element in the landscape. On top of the hillsides the terrain is slightly undulating with
coniferous forest.
Hokksund and Drammen is situated in the valley of the Drammen River, a part of region 10 Lowland
valleys in Telemark, Buskerud and Vestfold. The landscape has low/moderate ridges. U-valleys
are the most common shape of the valley and there are large areas of farmland. The traditional
settlement pattern is strongly connected to the farmland. Several limestone deposits give steep
slopes in some places. The area in and around Hokksund, Mjøndalen and Drammen has an urban
character. The forest areas that surround the valleys belong to region 7 Forest areas of the East. The
area is more densely populated than the rest of the route which means that the landscape is often
used for recreation. There are some small protected areas; Fiskumvannet and Strykenåsen. The
density of important registered nature types increases between Kongsberg and Drammen.
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Figure 4-18 View over Drammen.

Section 2d Stavanger – Haugesund
The city of Stavanger is situated on the west coast in region 19 Jæren and Lista with a low coastline.
The area around Stavanger has a character derived from the large amount of cultural development
with housing areas, agriculture, industry and infrastructure. North of the peninsula of Stavanger the
wide fjord of Boknafjord cuts in through the coast. Two of the coastal regions are touched by the
corridor; 20 The coastal districts of the West and 21 Outer fjord districts of the West. Outer fjord
districts have narrow valleys with green hillsides. There is a large amount of cultural development
with housing areas, agriculture, industry and infrastructure. Haugesund is situated in region 20
The coastal villages of the West. The landscape has a low profile along the coast with vegetation
marked by the salty wind. The traditional settlements are situated along the fjords and the shoreline,
preferably in bays that protect the settlement from the North Sea.
The coastal area has a generally high concentration of cultural heritage along the coast line. The
island of Ognøya is an important cultural landscape and is also registered as a very important
nature type. There are quite a large number of nature types with high values south of Haugesund.
Section 2e Haugesund – Røldal
The city of Haugesund is situated in region 20 The coastal villages of the West. The landscape
has a low profile along the coast with vegetation marked by the salty wind. The region 21 Outer
fjord districts of the West start further in from the coast. This region has narrow valleys with green
hillsides. There is a large amount of cultural development with housing areas, agriculture, industry
and infrastructure. There is some important registered nature east of Haugesund.
The land rises in region 22 Mid districts of the West which has an undulating landscape which varies
from wooded hillsides to naked rock and region 15 The low mountains in southern Norway with
mountain character with steeper mountain sides and naked rock. Around the villages and in the
valleys there is a concentration of cultural values. Important registered nature types are highest in
density around Ølsfjorden and around Sauda. The protected Etnevassdraget watershed is in this
area.
The area around Røldal belongs to region 23 Inner districts of the West. The main form is narrow
valleys with hilly and undulating local forms. The mountain sides are steep. The rivers, great
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waterfalls and waters in the valley are distinct elements and have contributed to plain bottoms well
suited for agriculture.

4.2.2 Geology and ground conditions
Surface conditions
In the urban areas of Bergen a significant thickness of fill material must be expected. The
origin of the fill material is not known and based on experience we must assume that the risk of
contaminated soil is high. The organic content of the soil is also often high. This greatly increases
the risk of settlement of nearby buildings, infrastructure and other structures.
After Bergen the alignment turns southeast towards Samnanger and the Hardanger fjord. It also
follows the Sørfjord past Odda and further down through Røldal before entering the Haukeli Plateau.
Here the soils are mostly made up of till, bedrock, landslide debris and residual deposits. The soils
are mostly well graded and are in general suitable both for foundation of structures, filling and other
earthworks. In the valleys, and near lakes and rivers both fluvial and glaciofluvial deposits must be
expected. Fluvial deposits are mostly made up of sand and gravel and are not expected to cause
problems relating to settlement or frost heaving, but in glaciofluvial deposits both silts and clays,
which are distinguished by being fine grained and having a low permeability, must be expected. In
these areas soil investigations should be executed to investigate deformation parameters and grain
size distribution to consider the risk of settlement and frost heave. We can also encounter areas
with moor and thereby a great risk of settlement of structures caused by the high water and organic
content.
These soil conditions also characterize the soil conditions on the east side of the mountain plateau
as the terrain descends towards Seljordsvatnet. From here the alignment goes into areas below
the highest known sea level after the last ice age and the ground conditions change to mostly
marine deposits together with fluvial and glaciofluvial deposits near rivers and lakes. From here to
Gvarv and further north to Notodden the alignment goes mostly through areas consisting of mainly
marine deposits. Marine deposits consist primarily of clay and silt. These soils are very sensitive
both with respect to settlement and frost heave, and must be expected to have low strength and
bearing capacity. There is also a considerable risk of slope failure, which can have very serious
consequences if the clay is highly sensitive, or quick.  Detailed knowledge of the ground conditions
is crucial before starting earthworks. The planned alignment crosses several classified Clay Danger
Zones / Clay Risk Areas (www.skrednett.no). The zones are classified as either low or medium
danger, and estimated as risk classes 2 and 3, where class 5 would have defined the highest risk.
These areas define places where there is a high risk of encountering quick clay, and detailed soil
investigation is particularly important.
The alignment then passes through an area with bedrock, till and fluvial / glasciofluvial deposits as it
crosses the mountain over to Jonsdalen and across Lågen just north of Kongsberg. It then goes into
Øvre Eiker and a new area characterized by marine deposits. The alignment passes over or nearby
several registered Clay Danger Zones and Clay Risk Areas. The danger zones are categorized as
either low or medium danger. The Clay Risk Areas range between 3 and 5. Soil investigations will be
required. In the urban areas near Drammen measures against contaminated soils must be expected.
Ground conditions along the Haugesund-Røldal branchlines are dominated by bedrock, residual
deposits and till. Moors must be expected, especially around Mortveit, Skjold, Vatnedalen and
Frønsdal. At Ølen, Høyland and Sauda soil conditions consist mainly of fluvial and glaciofluvial
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Figure 4-19 Arsvågen, north of Boknafjorden.

deposits. Fluvial deposits are mostly made up of sand and gravel and are not expected to cause
problems relating to settlements or frost heaving, but in glaciofluvial deposits both silts and clays,
which are distinguished by being fine grained and having a low permeability, must be expected. In
this area soil investigations should be carried out to investigate deformation parameters and grain
size distribution to consider the risk of settlement and frost heave. We can also come across areas
with moor and thereby a great risk of settlement of structures caused by the high water and organic
content.
Marine deposits are registered in Ølen, but can also appear in lower areas near fjords. Marine
deposits consist primarily of clay and silt. These soils are very sensitive both with respect to
settlements and frost heave, and must be expected to have low strength and bearing capacity.
There is also a considerable risk of slope failure, which can have very serious consequences if the
clay is highly sensitive, or quick.  Detailed knowledge of the ground conditions is crucial before
starting earthworks.
In Sauda there is also a considerable amount of fill material. Because of the industrial activity in the
area contaminated soil must be expected.
Rock conditions
Distribution of tunnel classes for the Haukeli route is estimated to be 50 per cent class A, 43
per cent class B and 7 per cent class C. See Table 4 2. In the following paragraphs, geological
conditions along the corridor are described. Kilometre numbers correspond to the alignment of
Scenario D1.
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Figure 4-20 Estimated distribution of tunnel classes for the Haukeli corridor.

Km 0 - 29: The Bergen Region
The major part of this section consists of tunnels. The longest one is approximately 14 km. The
stretch is similar to the analogous stretch described for the Hallingdal route. The geology consists of
Caledonian nappes of varying types of rock and many fault zones.
Km 29-36: The Bergsdalen tectonic unit
The 20 km long tunnel between km 31 and km 52 crosses three geological units.
The first one is the Bergsdalen tectonic unit which consists of Precambrian granite and tonalite,
transported and deformed during the Caledonian orogenesis. They are often foliated and some
places schistose, but still of generally good quality for tunnelling. The foliation strikes the horizontal
plane approximately north to south and the dip is approximately 20 to 40 degrees towards the east.
In some places the granite is massive. In the transition zone between the Bergen region and the
Bergsdalen unit (at km 29) difficult conditions are expected. There are at least two regional faults
with mylonitic gneiss in between. Difficult tunnelling conditions are also expected at km 35-36; in
the transition zone into the next geological unit.
Km 36-40: The Grasberg nappe
The rock overburden at this section is up to approximately 850 m. The rock is composed of
transported and deformed gneiss, folded and foliated. Due to high overburden, spalling and rock
burst is likely to occur.
Km 40-52: The Hardanger fjord nappe
The last part of the tunnel is in the Hardanger fjord nappe. In this part there is mainly a type of
metabasalt called greenstone and greenschist. It contains epidote and chlorite. Joint fillings of
chlorite tend to reduce the friction between blocks. It also has potential for swelling. This results in
increased risk for blocks falling out in the tunnel. In the last km of the tunnel (km 51 km 52) there are
several fault zones and difficult tunnelling conditions are expected.
Km 52-196: Precambrian rocks west of the Mandal-Ustaos fault zone
This long stretch consists mainly of tunnels and the longest is about 37 km. Phyllite and Caledonian
nappes are found at the surface in many places, but the tunnels pass below these geological
formations and intersect only the Precambrian rocks. Rock types are mainly granite, augengneiss
and granitic gneiss. It is expected that the tunnels between km numbers 100 and 155 go below
the Kvitenuten complex and therefore most of the schistose quartzite should be avoided. The rock
quality is generally good and is considered as “hard rock”. However, the tunnelling conditions
can be characterized by open, water leading fractures. Pre-grouting can be necessary to stop
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unacceptable water problems. Water problems and stress related stability problems have been
reported from existing tunnels in Precambrian rocks below and close to overlying phyllite and
Caledonian nappes.
The last 15 km consist of metamorphic supracrustal rocks such as metabasalt, metarhyolite and
metaandesite. These are often characterized by dense jointing.
Km 196-241: Precambrian rocks east of the Mandal-Ustaos fault zone
The geology is composed of Precambrian supracrustal rocks. The geological units are called the
Bandak group, the Rjukan group and the Seljord group. They are mainly composed of quartzite and
metamorphic lava rocks such as metabasalt, metarhyolite and metatuff. The regional fault called
the Kalhovd fault crosses the alignment at approximately km number 196 which is a day zone. The
quartzite is extremely hard and generates low drilling rates.
Km 241-322: The Kongsberg complex
The stretch goes through Precambrian granodioritic gneiss. It is generally good for tunnelling with
the exception of weakness zones composed of crushed rock and clay filling. There have been few
stress related problems in existing tunnels.
Km 322-344: The Oslo Region
The section is in the Oslo region with alum shale, limestone, slate and Permian igneous rocks.
However, there are no tunnels planned for this stretch.
Branch between Haugesund and Røldal
The stretch Between Haugesund and Røldal is assessed with respect to distribution of estimated
tunnel classes, see figure Table 4 21.

Figure 4-21 Estimated distribution of tunnel classes between Haugesund and Røldal.

From Haugesund, the first 40 km are found in the Precambrian basement rocks. The planned
tunnels here are relatively short and near the surface.
Between km 112 and km 122 there is a 10 km long tunnel located in the Ryfylke schist. Thereafter,
between km 124 and km 138, a 14 km long tunnel follows the phyllite layer between the Precambrian
basement and the overlying Caledonian nappes. The overburden here is up to 750 m and plastic
shear failures can occur in the tunnel. It is usually dry conditions in phyllite.
From km 146 until the connection to the Haukeli route at Røldal, the alignment goes underground
in one long tunnel with a length of approximately 40 km. The tunnel goes from the phyllite layer and
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Figure 4-22 Sauda is one of the places with day zone between the long tunnels.

into the underlying Precambrian rocks. The boundary is crossed by an acute angle in the vertical
plane. It is therefore likely that the tunnel will follow the boundary zone with potentially very difficult
tunnelling conditions for a longer distance which can be of several kilometres. Further east the
tunnel will go deeper into the basement rocks and better rock quality is expected. However, the
combination of stiff rocks and a rock overburden of more than 800 m, is likely to lead to spalling and
rock burst.
Special issues (for tunnels, bridges and earthworks)
When carrying out earthworks and foundation of structures in the urban areas, soil investigations to
reveal soil contamination will be required. It will also be necessary to carry out ground investigations
to determine the organic content of the soil. Where this is detected, fill replacement must be
expected. Possible measures related to organic soil also include the use of lightweight filling
material and pile foundations.
In the mountain plateaus, moor areas must be expected. Because these soils are extremely
sensitive to settlement, it will be necessary to either replace the soil with more suitable material or
ground the structures and tracks on piles to bedrock or firm soils.
In areas with glaciofluvial deposits it is vital to obtain knowledge of the deformation parameters
and grain size distribution. Structures and embankments on silt and clay soils may experience
settlement and frost heave. Fill replacement with well drained materials is advised.
In areas with marine deposits, soil investigations should be performed to get information about
strength and deformation parameters. These soils are typically extremely vulnerable to settlement
and have low strength. For embankments and structures measures such as fill replacement,
possibly with lightweight materials, pile foundation or soil improvements must be expected. For both
cuttings and fillings it is also important to make sure that slope stability is within the required factor
of safety.
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It is also important, where day zones and bridges are placed on hillsides, alongside fjords and
through valleys, to consider the risk of landslides and avalanches. Especially near fjords and
valleys west of the Haukeli Plateau the risk of both rock slides and avalanches can be substantial.
Alongside Samnangerfjorden, in Røldal and Grungedal and in the area between Gvarv several minor
slides have been registered.

4.2.3 Stations along the Haukeli route

Figure 4-23 The Haukeli route with the two alignments D1 (red) and D2 (green).
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Table 4-3 Evaluation of potential station locations along route 2 Haukeli
Potential communities along the Haukeli route
Suggested
station locations

Inhabitants municipality

Haugesund

34 000

Ølen

8100

Etne

4000

9%

Sauda

4500

-15 %

Jondal

1000

6%

Odda

10 000

7000

-15 %

Haukeligrend

3600

500

6%

Åmot

3750

565

6%

Seljord

3000

1260

Stable

Bø

500

Notodden

12 400

9 200

Stable

Kongsberg

40 000

25 000

29 %

Inhabitants community (in case
it differs from the municipality)

Population progress until
year 2024
NIA

NIA

0,5%

Røldal, see Odda

13 %

Evaluation of route 2 Haukeli Bergen – Kongsberg
Station location

Feasibility

Haugesund

- D1: station location in a tunnel underneath city centre
- D2: station location in a tunnel underneath city centre, or south in an expansion area.

Ølen

- Central location possible in both D1 and D2.

Sauda

- Station location is on the north side of city centre in both locations.

Jondal

- Two station locations are possible, one on each side of the fjord. Both locations are on bridges,
which gives very high technical difficulties. Additional road system needs to be provided.

Odda

- Station location would on a bridge. It would be technically challenging, but possible.

Røldal

- Station location possible if needed for operational reasons. Area is otherwise very sparsely
populated.

Haukeli

- Station would be located in the community centre.

Åmot

- In both D1 and D2 a station would be located on a bridge. This would give very high technical
difficulties.

Seljord

- Both alignments pass far south of community centre. It is therefore hard to find a good station
location.

Bø

- Station location is suggested outside city centre to prevent too immense impact.

Notodden

- A station location would be south of present centre.

Kongsberg

- Station location in both alignments would be north of centre near university area.

4.2.4 Alignment for Scenario D1
Line section 2a Bergen - Røldal
From Bergen station, the line follows the existing Ulriken Tunnel and reaches Arna in the area of
the existing station. From Arna, the route turns to the east and passes under the Gullfjellet in an
approximately 14 km tunnel. Then the line runs above the northern edge of the Samnangerfjorden,
partly in short, open sections. The line ascends from Bergen to the Jarlandsfjellet to a height of +
180 m AMSL. From the Jarlandsfjellet the line is routed in an approximately 21 km tunnel towards
the Hardanger fjord at a height of approximately + 100 m AMSL. The tunnel ends immediately
south of the Eidesvatnet near Tørvikbygd. Following a short open track section, the Storåsen is then
passed with a short tunnel. The crossing of the Hardanger fjord is planned south of and parallel
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to the existing high-voltage aerial line. The crossing necessitates the construction of a 2.2 km
suspension bridge with a span of 1.8 km between the pylons. The optimal positioning of the bridge
will be further specified in the scope of future planning stages. The shortest crossing will give a
bridge span of about 1.5 km.
West of the Hardanger fjord the line is routed under the Folgefonna to Odda in a 30 km tunnel. In the
Odda area the line runs west of the Sørfjorden in the mountain. Due to the topographical situation
the line has only one 750 m open track section where it crosses the Buerdalen. South of the
Buerdalen there is approximately 1.5 km of tunnel.
Immediately after the tunnel south of the Buerdalen the line ascends continuously with a gradient
of 12.5 per mille along the Hildal to reach Røldal at a height of AMSL + 500 m. Between Odda and
Skare (16 km) the line can be routed on about 6 km of open track.
Immediately east of Skare the line passes under the Røldal Mountain in an approximately 16 km
tunnel and runs through the northern valley part of Røldal in an approximately 4 km open track
section that is only interrupted by a short tunnel section at the Fjetlandsnuten mountain ridge.
Line section 2b Røldal - Kongsberg
East of Røldal the line passes under the Haukeli Mountain in a 26 km tunnel. The line ascends from
Odda at 170m AMSL to an elevation of + 870 m AMSL west of the Arbuvatn lake. After the tunnel the
route crosses the lake area in a 9 km open track section, which is interrupted by an approximately 2
km tunnel section and then crosses European highway E134. Then the Haukeliheii is passed under
with a 7 km tunnel. Exiting the tunnel, the line reaches Haukeligrend north of the E134.
Alternatively, another, more southern line was investigated between Røldal and Haukeligrend. The
line passes under the Haukeli Mountain east of Røldal in a 37 km tunnel. The line ascends from
Odda + 170 m AMSL to a height of + 720 m AMSL east of the Førsvatn. Exiting the tunnel, the line
runs to Haukeligrend south of and parallel to the European highway E134. The route has, compared
to the alignment described above, an approximately 0.5 km shorter tunnel length between km 116
and km 167. Because the tunnel under the Haukeli Mountain in the northern option as an individual
structure is 11 km shorter, the northern option is selected as the preferred option.
East of Haukeligrend the line crosses the E134 and after two short tunnel sections runs north of and
parallel to the E134. At the east end of the Grungevatn, the line is routed in a long s-curve to the
southeast towards Åmot. The route firstly runs in an approximately 10 km tunnel to the south and
then crosses the E134 near Bøgrend along a 3 km open track section. An approximately 5 km tunnel
follows in the section to Åmot. In the Åmot area the line runs south of the Ormetjønn at a height of
about + 500 m AMSL.
From Åmot the line ascends in an approximately 9 km tunnel section to a height of + 650 m AMSL
near the Oftevatn. From this peak point the line can be routed with several open track sections
and a number of shorter tunnel sections with a continuous gradient of 12.5 per mille down to the
Seljordsvatn lake. The Seljordsheii is passed under with a 10 km tunnel structure.
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After an open line section south of the Seljordsvatn lake, the line reaches the valley of Bø on a
height level of approximately + 115 m AMSL. The route was aligned to the height of road 155 north
of Bø to minimise impacts and noise emissions on the built-up area.
From Bø, the line follows the valley to the east and north of Lake Norsjø and then turns to the north.
The mountain ridge cannot be bypassed with a radius of 6 300 m and thus is passed under in an
approximately 4 km tunnel. In the following section the Saua is crossed from west to east. Then
the route runs in the eastern part of the Heddalsvatnet valley and reaches Notodden. The line runs
approximately parallel to the high-voltage line east of the community.
Kongsberg is situated approximately 24 km northeast of Notodden. Due to the turn of the route to
the north to access Notodden, a connection to Kongsberg is only possible with a long curve that
spreads wide to the north. North of the E134, the line is routed in a tunnel which after a short open
track section passes under the Fjellstulfjellet east of Lake Kloumannsjøen, in an approximately 15
km long tunnel. After a 6 km open track section in the Jondalen along route 37 and another short
tunnel section Kongsberg is reached north of the quarter Skavanger. The route then crosses the
river Lågen and is routed in a tunnel under the Sulusåsen ridge.
The alignment described above has the advantage of a good connection to both Kongsberg and
Notodden. In Kongsberg, the new station can be located less than 1.5 km north of the existing
station, at the university college of Buskerud. As a result of the wide curve to the north, this
unfortunately also results in a longer route with a high proportion of tunnels. Through a direct,
straight tunnel under the Sveinsbufjellet Mountain from Hjukse towards Skollenborg, the line can be
shortened by 12 km. Even this will need a single 22 km long tunnel; the total amount of tunnel length
will be equivalent with the northern line. A station at Notodden could be positioned just about 9 km
south of the community and at Kongsberg about 10 km outside the town centre. A further option for
the alignment can turn to the east just south of Notodden and reach Kongsberg in its southern area
around Kongsgårdmoen. The stations would still be located somewhat outside the town, but the
HSR line can be 8 km shorter than the northern option, at a total tunnel length of only 14 km

Figure 4-24 Options between Bø / Notodden and Kongsberg.
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Line section 2c Kongsberg - Drammen
Following the tunnel under the Sulusåsen, the line crosses European highway E134 and then follows
its course in a shallow curve first on the south and then on the west side. In Mjøndalen the line is
bundled with the existing Drammen - Kongsberg line. In the area of Rygg a line improvement will be
needed. At Gulskogen station the high-speed line is then integrated into the existing track facilities
up to Drammen station.
The length of the line with the alignment described above between Bergen and Drammen is 354
km. For this route, tunnels with a total length of around 213 km and approximately 36 large bridge
structures have to be constructed. Thus, the tunnel portion of this line is about 62 per cent.
Line section 2d Stavanger - Haugesund
From the first alignment studies the tunnel between Stavanger and Haugesund proved to be very
long, due to the flat gradient of 12.5 per mille and the required depth of 370 m. The line could thus
not reach the city centre of Stavanger, but reached the surface in the daylight several km south of
Stavanger. Thus, this alignment was regarded as unfeasible and only D2 variants are discussed
further. However, a tunnel for passenger trains can still be useful for transporting relatively light
freight.
Line section 2e Haugesund – Røldal
Even if the connection between Stavanger and Haugesund proved to not be feasible for heavy
freight, there is still an option for mixed freight and passenger traffic between Haugesund and
Røldal, and thus further to Bergen or Oslo. This area does have a lot of good options for a new
harbour, which could be of greater interest with a railroad connection.
North of Haugesund the line is routed in a shallow curve on an open track section, back eastwards
to the Vikafjellet. The line passes under the Vikafjellet in a tunnel and then runs partly in tunnel and
in open track sections north of European highway E134. Near Eikelandstjørna the route crosses
the E134 and reaches the community of Ølen south of the E134. East of Ølen, the line runs almost
continuously in a tunnel, with the exception of an approximately 3 km open track section east of
the E134 near Etne, and reaches Saudasjøen at a height level of the Rødstjørna lake. The built-up
area of Sauda is approached north of the community at a height of approximately + 120 m AMSL
with a few short tunnel sections. The line runs east of Sauda and then in an approximately 28 km
tunnel section leading to the Haukeli route Bergen - Drammen. The link-up of the line is positioned
underneath the Røldalsfjellet Mountain.
The length of the line as described above between Stavanger and the branch to the Haukeli line
near Røldal is 176 km. The line requires the construction of tunnels with an overall length of around
125 km and approximately 12 large bridge structures. Hence, the tunnel portion of the line is about
71 per cent.
Junction between the main lines
For the junction of a double-track railway line with a double-track through line there are several
options. The junction has to be developed in accordance with operational requirements for
detailed alignment studies in a later phase. For all options shown in the following figures it has
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been assumed that the tracks are completely within tunnel sections. The most flexible options will
increase the amount of extra tunnel length significantly.
Option 1: At-grade, single track connection
Pro: most economical solution (4 single-track connecting tunnels, single length < 0.5 km, 10 turnouts)
Con: considerable operational restrictions (opposing traffic in the branch is almost impossible)

Figure 4-25 Option 1: At-grade, single track connection .

Option 2: At-grade, double-track link
Pro: economical solution (3 single-track connecting tunnels, single length < 0.5 km, 2 additional
single-track tunnels; single length min. 5 km, 12 turnouts)
Con: operational restrictions (opposing traffic possible with restrictions for the branch section)

Figure 4-26 Option 2: At-grade, double-track link.
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Option 3: Grade-separated, double track link
Pro: operationally effective solution (unrestricted opposing traffic in the branch)
Con: expensive solution (2 additional single-track crossing tunnels, single length approximately
10 km, 6 turnouts)

Figure 4-27 Option 2: At-grade, double-track link.

4.2.5 Alignment for Scenario D2
Scenario D2 describes the alignment for a high-speed line for passenger traffic only.
Line section 2a Bergen - Røldal
From Bergen station, the line follows, as in the D1 option, the existing Ulriken tunnel and reaches
Arna in the area of the existing station. From Arna, the line is routed parallel to the Sørfjorden, turns
to the east near Trengereid and passes under the Raudfjell. Then the line runs above the northern
edge of the Samnangerfjorden in several open track sections. The line ascends from Bergen to
the Jarlandsfjellet to a height of + 370 m AMSL. From the Jarlandsfjellet the line is then routed in 4
tunnel sections with an overall length of approximately 20 km to the Hardanger fjord at a height of
approximately + 100 m AMSL.
With this alignment, almost identical to the D1 option but a steeper line gradient, the tunnel portion could
be slightly reduced in comparison with the D1 option. Basically, in contrast to the longer, continuous
tunnels (lengths up to 14 – 21 km), this option has more tunnel sections with short open track sections.
Across the Hardanger fjord and in the tunnel towards Odda the D2 alignment corresponds to the D1
option. From Odda the line ascends towards Røldal as in the D1 option with a gradient of 12.5 per
mille along the Hildal valley.
With the D2 option a southern route was investigated, to search for a significantly shorter tunnel
under Haukeli Mountain. For this purpose a line along the Brålandsdalen valley south of the
Røldalsvatnet lake was investigated. It follows eastwards and in the Kvanndalen valley turns back
to the north. As a result, no tunnel for crossing under the Haukeli Mountain shorter than 26 km was
found. Because of the additional tunnel sections in the eastern Brattlandsdalen and 20 km longer
route, this southern line option has not been developed further. Therefore, for the line section from
Odda - Haukeligrend the alignment from the D1 option is recommended for the D2 option.
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Figure 4-28 Option: Different options through the Haukeli mountain.

The alignment in the Haukeligrend - Bø section already offered a number of open track sections in
the D1 option. Hence, the same alignment was kept in the D2 option and only optimised regarding
the gradient. Through the application of route gradients up to 25 per mille, the tunnel portion on the
approximately 95 km line section could be reduced from 49 km (D1) to 37 km (D2).
As in the D1 option, the line follows the valley from Bø on the east side and north of the Norsjø then
turns to the north. Through the application of a 5 100 m radius, the mountain ridge can be bypassed
without a tunnel. In the D2 option, for the same reasons as in the D1 option, a routing directly via
Notodden was selected.
With the application of a 25 per mille route gradient, the line can be routed mostly on open track in
the entire northern curve. The line ascends to Slesli to a height of approximately + 340 m AMSL.
Then it runs in an approximately 8 km tunnel and approaches the course of the road 34 in the
Jondalen. Kongsberg is accessed north of the Skavanger quarter. There, the line crosses the river
Lågen at a height of approximately + 213 m AMSL around 50 m above the river valley. After the river
crossing the line is routed in a tunnel crossing the ridge of the Sulusåsen, as in option D1.
Line section 2c Kongsberg - Drammen
For line section Kongsberg - Drammen the D1 alignment is strongly recommended for the D2 option.
The length of the line between Bergen und Drammen as in the alignment described above is
356 km. This option requires the construction of tunnels with an overall length of 179 km and
approximately 41 large bridge structures. Hence, the tunnel portion of the line is about 50 per cent.
Line section 2d Stavanger - Haugesund
From Stavanger station the alignment up to immediately south of Bokn mostly corresponds to the
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Figure 4-29 The stave churches and other old buildings tell us something about the rich history of Numedal.

alignment described under ”Route 4 Bergen Stavanger“. On the island of Bokn, the tunnel line
follows closely the course of the E 39 and reaches the surface at the northern edge of Ognøya
Island. The tunnel length from Stavanger to the tunnel exit is thus reduced to approximately 44
km compared with the approximately 50 km tunnel section described under ”Route 4 Bergen
Stavanger“.
From the island of Ognøya the Frekasundet strait is crossed with a bridge structure. After a short
curve under Haukaberget Mountain, the line crosses Vågen lake and turns in a shallow curve to the
west towards Haugesund. The Førland fjord is crossed on a bridge structure. West of the Førland
fjord the Slettafjellet Mountain is passed through with a short tunnel. Following an open track
section, the Førre fjord is crossed on an approximately 800 m long bridge structure. Immediately
after the bridge, the line is routed in a tunnel under the Tronefjellet Mountain. The tunnel with a
length of approximately 12 km runs under Haugesund in a wide curve to the northern city limit.
Line section 2e Haugesund – Røldal
The branchline turns off from the Bergen - Stavanger line northeast of Haugesund at approximately
km 152 and runs to the east. It follows more or less the D1 alignment, but can fit a bit better to the
landscape, due to the smaller curve radii. This results in a few more open sections and shorter tunnels.
The length of the D2 line between Haugesund and the link to the Haukeli line near Røldal is
approximately 97 km. The line requires the construction of tunnels with an overall length of around 61 km
and approximately 6 large bridge structures. The tunnel portion of the line is therefore about 63 per cent.

4.3

Route 3 Numedal

The Numedal route is projected as a new line between Geilo and Kongsberg. The route connects
the alignment of the D1 option Bergen - Geilo of the Hallingdal route with the alignment of the D1
option Kongsberg - Drammen of the Haukeli Route.
With this link, a new line is established for the stretch Bergen - Geilo - Kongsberg - Drammen.
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Figure 4-30 Route 3 Numedal.

4.3.1 Landscape and environmental interests
The description of the landscape is based on the The National Referencing System for Landscape
(NIJOS – Nasjonalt referansesystem for landskap). The system has categorized Norway into 45 different
landscape regions based on their unifying characteristics. The description also includes the most
valuable areas according to landscape, cultural heritage, natural environment and recreation.
Section 3 Geilo - Kongsberg
The area of Geilo is situated in a region of valleys 11 Upper valleys and mountains in Oppland and
Buskerud. It is a large scale landscape with a u-shaped central valley. The wooded hillsides are steeper
than the mountain regions. Region 14 Mountain forest in southern Norway surround the valleys. The
landscape is a large scale landscape with paleic forms and modest depression where the rivers and
waters run. The more alpine areas in the higher parts belong to region 15 The low mountains in southern
Norway with a mountain character with steeper mountain sides and naked rock.
The northern part of Numedal belongs to region 11 Upper valleys and mountains in Oppland and
Buskerud and the southern part belongs to region 10 Lower valleys of the East . The valley is wide with
green hillsides, mostly covered in forest. The river Jondalselva is a distinct element in the landscape. On
top of the hillsides the terrain is slightly undulating with coniferous forest.
The forest area west of Numedal belongs to region 14 Mountain forest in southern Norway and the forest
area east of Numedal belongs to region 7 Forest areas of the East.
Along the whole of Numedal there are a large number of cultural remnants, both old buildings and
automatically protected cultural heritage sites. There are for example a number of stave churches dating
from the middle ages. The existing railway Numedalsbanen has no traffic today, but is a tourist attraction
and there is ongoing cultural protection. In some parts of the valley there are registered important river
deltas and protected watersheds.
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4.3.2 Topography, geology and ground conditions
Surface conditions
TThe alignment through Numedalen stretches from Geilo to Kongsberg, where it joins the alignment
across Haukeli to Drammen. Whereas alternative D1 goes through Uvdal on its way to Nore,
alternative D2 is laid through Smådøldalen. For both these alternatives the soil conditions are mostly
characterized by till and fluvial deposits. Alignment D2 also crosses several significant moor areas.
Fluvial deposits are mostly made up of sand and gravel and are not expected to cause problems
relating to settlement or frost heaving, but in glaciofluvial deposits both silts and clays, which are
distinguished by being fine grained and having a low permeability, must be expected. In these areas
soil investigations should be carried out to investigate deformation parameters and grain size distribution
to consider the risk of settlement and frost heave. We can also encounter areas with moor and thereby a
great risk of settlement of structures caused by the high water and organic content.
Further down through Numedalen both alignments go mainly through the fluvial and glaciofluvial
deposits that follow Numedalslågen, as well as some stretches with till or bedrock.
Rock conditions
Estimated distribution of tunnel classes for the corridor via Numedal is presented in table 4-5.
The geology in this area consists of Precambrian rocks.

Figure 4-31 Estimated distribution of tunnel classes in Numedal.

Km 0-97: Supracrustal Precambrian rocks
The geology consist of the Bandak group, the Rjukan group, the Gøyst complex and the Seljord
group. These are composed of metamorphic sandstones transformed into metasandstones and
quartzites, and also metamorphic lava rocks like metatuff, metarhyolite and metabasalt. About 36
km of the alignment is found within the Rjukan group which often consists of massive metarhyolite.
The Gøyst complex is made up of highly metamorphic rocks like schist and migmatite. Sporadic
intrusions of tonalite and granite occur. Tunnelling conditions are mainly good.
Km 97-151: The Kongsberg complex
The stretch within the Kongsberg complex consists of Precambrian metamorphic plutonic rocks.
These are mainly granite and granitic gneiss, granodiorite and amphibolite. Clay filled weakness
zones occur, but the conditions for tunneling are mainly good.
Special issues (for tunnels, bridges and earthworks)
In mountain areas with moors must be expected. Because these soils are extremely sensitive to
settlement, it will be necessary to either replace the soil with more suitable material or ground the
structures and tracks on piles to bedrock or firm soils.
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In areas with glaciofluvial deposits it is vital to obtain knowledge of the deformation parameters
and grain size distribution. Structures and embankments on silt and clay soils may experience
settlement and frost heave. Fill replacement with well drained materials is advised.
It is also important, where dayzones and bridges are placed on hillsides, alongside fjords and
through valleys, to consider the risk of landslides. There are some significant rock falls registered in
Uvdal, mostly limited to the north/east side of the river.

4.3.3 Stations along the Numedal route

Figure 4-32 Route 3 Numedal connects to route 1 near Geilo and route 2 in Kongsberg.

Table 4-4 Evaluation of potential station locations along route 3 Numedal
Communities alonge the Numedal route
Suggested station
locations

Inhabitants
municipality

Bergen

260 000

Inhabitants community (in case it
differs from the municipality)

Population progress until
year 2024
30 %

Arna, see Bergen
Voss

14 000

5500

1,3 %

Myrdal

177

0

-

Finse

1200

Geilo

4500

Veggli

1400

Kongsberg

40 000

80

-5%
2300

NIA
-5%

25 000

29 %
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Evaluation of potential stations along the Numedal route
Station location
Bergen

Feasibility
- End-to-end station.
- All the alignments reach the existing station in the centre of Bergen.

Arna

- Two possible alignments give two different station locations: one in the city centre and one far
south of the centre.
- Both locations would be close to the end-to-end station Bergen.

Voss

- Regional centre and hub.
- D1 and D2: High difficulties. Station on bridge/in tunnel. Requires additional road system.
- In a 2* alignment the station could be located close to the present ski resort.

Finse and Myrdal

- High tourism industry
- D1 and D2 are not passing.
- 2* alignment is possible. Station location would be in present locations. Would maintain the
important connection to the Flåmsbana railway.

Geilo

- Station location would be far away from community centre
- There is lots of wetlands.
- New roads to connect station with community centre would be needed.
- Station location might be suitable for maintenance of trains.

Veggli
- The area has a small population
Kongsberg

- Station location in both alignments would be north of centre near university area.

4.3.4 Alignment for Scenario D1
Line section 3 Geilo - Kongsberg
The Numedal valley starts approximately 70 km south of Geilo at the Norefjorden and at a height
of approximately +250 to 300 m AMSL. The line follows the D1 option of the route 1 Hallingdal to
approximately km 167, southwest of Geilo, and are routed south through the Ulvdalen valley towards
the Nore fjord. South of Geilo the line passes under the Skurdalsåsen with an approximately 9 km
tunnel. It crosses the Skurdalen on a bridge structure south of the Skurdalsfjorden and is then
routed in to the Ulvdalen in an 18 km tunnel. The route mostly follows the Uvdal in open track
sections south of the road 40. The Hallandfjellet is passed under in a shallow curve in an 11 km
tunnel. West of the Norefjorden the line then reaches the Numedal. On the approximately 65 km line
section as described above, the route descends with an average gradient of 9,3 per mille from +
900 m AMSL to + 300 m AMSL. The line follows the Numedal on its west side to Kongsberg and is
integrated at km 320 north of the quarter Skarvanger into the route of the D1 option of the Haukeli
route. With the exception of some tunnel sections (Eidsfjellet 8 km / Tutaberget 5 km / Trumskollen 5
km) the line runs west of road 40 in the Numedal on a length of 60 km mostly in open track sections.
The length of the line between Geilo and Kongsberg with the alignment described above is 140
km. The line requires the construction of tunnels with an overall length of around 68 km and
approximately 11 large bridge structures. The tunnel portion is about 49 per cent.
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4.3.5 Alignment for Scenario D2
Line section 3 Geilo - Kongsberg
The line leaves the D2 option of the Hallingdal route at approximately km 171 southwest of Geilo and
is routed to the southeast through the Smådøldalen valley to the Nore fjord.
South of Geilo the line passes under the Skurdalsåsen with an approximately 7 km tunnel. It then
crosses the Holmevatnet on a bridge structure and is routed to the east in the Smådøldalen in a 3
km tunnel. The route follows the Smådøldalen at a height of about + 900 m to + 950 m AMSL in an
approximately 35 km open track section to around 3 km north of Rødberg. From there, the line is
routed into the Numedal in two tunnel sections with a total length of approximately 11 km. On the
line section described above, the route descends over the last 30 km with an average gradient of 20
per mille from about + 900 m to + 300 m AMSL. The route further follows the Numedal on its west
side to Kongsberg, comparable to option D1 and is integrated at km 321 north of Skavanger district
into the D2 alignment of the Haukeli route.
With the exception of some tunnel sections (Eidsfjellet 4 km / Tutaberget 5 km / Trumskollen 2 km)
the line runs west of road 40 in the Numedal on a length of 60 km mostly in open track sections.
The length of the line between Geilo and Kongsberg with the alignment described above is 138
km. The line requires the construction of tunnels with an overall length of around 38 km and
approximately 16 large bridge structures. Hence, the tunnel portion of the line is about 28 per cent.

4.4

Route 4 Coastal

The Coastal route is projected as a new line from Bergen station via Leirvik - Haugesund to
Stavanger and links to the existing terminus station in Stavanger.

Figure 4-33 Route 4 Coastal.

4.4.1 Landscape and environmental interests
The description of the landscape is based on the The National Referencing System for Landscape
(NIJOS – Nasjonalt referansesystem for landskap). The system has categorized Norway into 45 different
landscape regions based on their unifying characteristics. The description also includes the most
valuable areas according to landscape, cultural heritage, natural environment and recreation.
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Figure 4-34 View over Bergen.

Section 4a Bergen – Haugesund
Most of the main route Bergen – Stavanger will cross through landscape region 21 Outer fjord districts of
the West, which consists of narrow valleys with green hillsides. Around Bergen and Haugesund there is a
large amount of cultural development with housing areas, agriculture, industry and infrastructure. Within
the region the land goes from low elevations along the coast, to high elevations towards the next region
22 Mid districts of the West which has an undulating landscape which varies from wooded hillsides to
naked rock. Haugesund is situated in region 20 The coastal regions of the West. The landscape has a
low profile along the coast with vegetation marked by the salty wind. Along the coast there are a number
of fjords to be crossed by tunnels or bridges. The coastal area has generally a high concentration of
cultural heritage along the coast line, often clustered in bays that function as naturally harbors. There are
several protected nature areas along the alignments. Among them is Sjoalemyra nature reserve at Stord.
In this region you also find a protected watershed called Frølandselva / Eikedalselva along the route
Section 4b Haugesund – Stavanger
The city of Haugesund is situated in region 20 The coastal regions of the West. The landscape has
a low profile along the coast with vegetation marked by the salty wind. Further in from the coast
region 21 Outer fjord districts of the West takes over with narrow valleys with green hillsides. There
is a large amount of cultural development with housing areas, agriculture, industry and infrastructure
around Haugesund and Stavanger.
Stavanger is situated along the west coast in region 19 Jæren and Lista with a low coastline. North
of the peninsula of Stavanger the wide fjord of Boknafjord cut into the coast.
The coastal area has generally a high concentration of cultural heritage along the coast line. The
island of Ognøya is an important cultural landscape and is also registered as a very important
nature type. There are a quite large number of nature types with high values south of Haugesund.
The protected Haugevassdraget watershed is situated in this area.
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4.4.2 Geology and ground conditions
Surface conditions
The centre of Stavanger is characterized by fill materials. Materials with a high organic content must
be expected, especially near the harbour. There is also a high risk of contaminated soils in city
areas.
After crossing the fjords by tunnel and bridge, alternative D1 reaches shore near Kårstø. From
here and until the two alignments meet near Haugesund the soil conditions mainly consist of
till with variable depth where there is no bedrock. Alignment D2 reaches shore at Våga and
experiences similar soil conditions. In Haugesund, like Stavanger, filling materials, organic soils and
contaminated soils must be expected.
Ground conditions along the alignments are mostly limited to bedrock with till in the lower areas as
well as residual deposits. The exceptions are Førde and Hamarhaug, where there are small areas
with marine deposits consisting of clay and silts. Soil investigations should be carried out to verify
strength and deformation parameters.
In the Bergen area the same ground conditions should be expected as for Stavanger and
Haugesund.
Rock conditions
The geology of the west coast is extremely varied and complex and consists of both caledonian
nappes and Precambrian basement rocks.
Estimated distribution of tunnel classes is presented in Table 4 35.

Figure 4-35 Estimated distribution of tunnel classes for the west coast corridor.

Between Bergen and the Samnanger fjord the alignment is found in the Bergen region which is
described for the Hallingdal corridor.
Km 33-121: Caledonian rocks between Samnanger and the Bømlafjord
The section between the Samnanger fjord and the Tysnes island consists of many different
Caledonian nappes. Between them are often wide weakness zones, but in this case most of them
are crossed nearly perpendicularly, which is favourable. Main joint sets are oriented north to south
and northwest to southeast. Nearly all kinds of rock types are represented; however all of them are
to some degree metamorphic. The rocks of the Caledonian nappes are of generally good quality.
The challenges are often associated with the Cambrosilurian sedimentary rocks between and below
the nappes. These are often composed of highly foliated and schistose phyllite; sometimes with
lenses of quartz. Some places have a carbon content which reduces  mechanical strength.
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In Henanger, between the Eikelandsfjord and the Sævereidfjord, the tunnel alignment is parallel to a
long regional fault. Tunnelling conditions can be difficult for a long distance if the fault zone comes
into the tunnel. A similar situation appears at the Tysnes island, where the alignment seems to
strike parallel and inside the transition zone between the Stolmaplutonen and Caledonian nappes.
Huge water problems and stability problems may occur in the tunnels at the island. One solution
is to route the tunnel alignment away from the zone; either by moving it westwards and into the
Stolmaplutonen, or towards the east.
At the Stord island, the geology along the alignment consists of phyllite and quartzitic
metasandstone; metamorphic sediments deposited during the Caledonian orogenesis.
The subsea tunnel under the Bømlafjord goes from Caledonian rocks and into Precambrian rocks.
Experiences from the existing road tunnel indicate mainly good rock conditions except for one
weakness zone. 7 per centof the tunnel was classified as difficult, while the rest was classified as
good and medium rock quality.
Km 121-198: Precambrian rocks
Between the Bømlafjord and the Boknafjord the alignment is found mainly within Precambrian
rocks; mostly augengneiss and granitic gneiss. A thin layer of phyllite is found in many places upon
the gneiss and some parts of the tunnels may “touch” this foliated, schistose rock type.
Km 162-170: Ophiolitic rocks in Haugesund
The geology in Haugesund differs from the rest of the region. It consists of ophiolitic rocks (mafic
and ultramafic rocks) like peridotite, gabbro and greenstone (metabasalt). Pillows and breccias
structures are common in the greenstone. The alignment crosses the boundary between the
ophiolites and the Precambrian basement twice. For the D1 scenario both are tunnels and for the
D2 the southern crossing is tunnel. The boundary represents a major fault zone between the two
geological formations. Difficult tunnelling conditions are expected here, with stability problems and
water leakage.
Km 198-230: Crossing the Boknafjord
The stretch between Haugesund and Stavanger is associated with exceptionally long subsea
tunnel crossing the Boknafjord. North of the fjord and south of the ophiolites in Haugesund, there is
Precambrian gneiss like further north. Below the fjord there are ophiolitic rocks like in Haugesund.
There are also Caledonian nappes composed of igneous rocks like granite and also metamorphic
sedimentary rocks like marble and schist. Amphibolite dikes are also known to exist.
At Randaberg and Stavanger the geology consists of the Ryfylke schist. The Caledonian flake is
composed of rock types such as mica schist and phyllite with lenses of quartz. It is estimated to
have a thickness of several hundreds of meters.
The maximum depth of the tunnel is estimated to 370 m below mean sea level.
Further west in the Boknafjord is the Karmøy basin with loose Jurassic sediments. The formation
would probably result in extremely difficult conditions for tunnelling. The recommended railway
alignment is therefore to the east of the sediments.
Statens vegvesen is planning a new road tunnel under the Boknafjord. The alignment is quite
comparable to those of the HSR. 50 per cent of the alignment for the subsea road tunnel is located
in rockmass classified with Q-values above 4, 25 per cent with Q-values between 1 and 4, and 25
per cent with Q-values below 1. The prognosis is assumed to be conservative.
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Special issues (for tunnels, bridges and earthworks)
When carrying out earthworks and foundation of structures in urban areas, soil investigations to
reveal soil contamination will be required. It will also be necessary to conduct ground investigations
to determine the organic content of the soil. Where this is detected, fill replacement must be
expected. Possible measures related to organic soil also includes the use of lightweight filling
material and pile foundation.
It is important, where day zones and bridges are placed in hillsides, alongside fjords and through
valleys, to consider the risk of landslides.
Along the west coast between Stavanger and Haugesund there are two major strait crossings where
subsea tunnels are among the alternative crossing options, the Boknafjord and the Bømlafjord. The
high speed alignment follows the corridor of a planned subsea road tunnel crossing the Boknafjord
and an existing subsea road tunnel crossing the Bømlafjord.
The strait crossing between Tysnes and Stord has many similarities with the Hardanger fjord
crossing, but with a shorter span. The most likely solution is a suspension bridge. The span is 1000
m which from a technological point of view probably would allow for a stay cable bridge in the near
future.
The strait crossing from Tysnes and eastward is about 2.8 km in total. The longest span is less than
200 m which is, from a technical point of view, suitable for a free cantilever bridge. At both ends
viaducts are needed. These will typically be steel or concrete box girders.

4.4.3 Stations along the Coastal route

Figure 4-36 The coastal route with a D2 alignment.
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Table 4-5 Evaluation of potential station locations along route 4 Coastal
Communities along the Coastal route
Inhabitants community
(in case it differs from the
municipality)

Suggested
station locations

Inhabitants municipality

Population progress
until year 2024

Os

17 000

2%

Stord/Leirvik

17 500

12 %

Haugesund

34 000

NIA

Stavanger

124 000

21 %

Evaluation of potential stations along the Coastal route
Station location

Feasibility

Bergen

- End-to-end station.
- All the alignments reach the existing station in the centre of Bergen.

Osøyro/Os

- D1 and D2 passes the community very far away
- Other kind of train system might possible, e g commuting trains to Bergen.

Stord/Leirvik

Two locations are possible within the alignment:
- a central underground, very central station
- a more remote above ground station location
- Underground station is more technically complicated.

Haugesund

Two station locations are possible:
- once central
- one more remote in an expanding shopping centre.

Stavanger

- End-to-end station.
- Alignment connects to the present station location.

4.4.4 Alignment for Scenario D1
The D1 Scenario was tested in the initial phase, indicating a tunnel share of about 90 per cent. The
amount of heavy freight is anticipated to be small on such a short line. Thus this scenario was not
included in further detailed analysis.
The investigated alignments are depicted in the overview plan, but are not described in the following.

4.4.5 Alignment for Scenario D2
Line section 4a Bergen - Haugesund
From Bergen station, the line follows the existing Ulriken tunnel and reaches Arna in the area of
the existing station. From Arna, the line is routed parallel to the Sørfjorden, passes under the
Raudfjell (km 20) and north of the Samnangerfjorden then curves to the south. After another
tunnel under the Todlandsfjellet (km 30), the line enters a 3 km open track section and ascends
to a height of approximately + 300 m AMSL. After passing under Jarlandsfjellet (km 40) in an
approximately 9 km tunnel, the line reaches Øvre Halnadsdalen (km 42 - 50). The route follows the
shorelines of the Skokseidvatnet, Øynefjorden and Lygrespollen. After crossing the Luksundet (km
80) on an approximately 2 km bridge structure the line is then routed along the shorelines of the
Ornaheimsfjorden and Skjeljaviksundet. The Langenuen is crossed on an approximately 1.3 km
bridge structure. After the bridge, the line passes under the eastern area of the Midtfjellet in an
approximately 3.5 km tunnel and reaches the northern quarters of Leirvik at the same height as the
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Figure 4-37 The Sandsøya bridge, crossing the fjord south of the Luksundet strait.

Adlandsvatnet after an approximately 6 km open track section. The route crosses the Frugardselva
on a low bridge structure at a height of approximately + 20 m AMSL and is routed under Leirvik with
a maximum gradient of 25 per mille. In the centre of Leirvik a level of approximately +/- 0 AMSL is
reached (10 to 20 m under terrain surface)
Another more western option was investigated. This option followed directly towards the south
from Bergen station, and reached Os before it turned northeast. It crossed the Samnanger fjord
and followed behind Eikelandsosen towards Tysnes. Due to very high tunnel share this line was not
investigated further.
To cross the Stokksund and the Bømlafjorden, the route has to be lowered to a height of
approximately - 260 m AMSL due to the subsea geological conditions. To diminish the height
difference of 280 m, a line length of approximately 11 km is necessary at a gradient of 25 per mille.
The straight-line distance between the tunnel entry north of Leirvik and Stokksund is only 7 km.
Hence, the line is extended with an s-curve to 11 km. This s-curve extension is planned with a 1 100
m curve radius, cutting top speed to 160 km/h. Because most trains are going to stop in Leirvik,
this is regarded as acceptable on this short section. The tunnel crosses the fjord next to the existing
road tunnel.
Exiting the underpass of the Bømlafjorden, the line ascends again to the south with a gradient
of 25 per mille. In immediate succession, the tunnel under the Bømlafjorden passes under the
Trollefassnibba and exits to the surface north of Førde. The tunnel length from Leirvik to Førde is
approximately 29 km.
From Førde the line mostly runs on open track sections, partly over the Vigdarvatnet to the northern
city limit of Haugesund.
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In Haugesund the route more or less follows the course of route 47 in a tunnel, with possibilities
for an underground station right in the centre of the town underneath the Kirkegata/Rådhusgata.
For the preliminary alignment study the planning based on a gradient height of AMSL +/- 0, which
corresponds to a tunnel position of approximately 20 m under terrain surface. As there are no
topographical constraints in the adjoining line sections, the level of the tunnel can be optimised in
the scope of further planning with almost no restrictions.
Line section 4b Haugesund – Stavanger
The tunnel curves eastwards within the city area, passes under the Storasundfjellet Mountain
and exits to the surface near the crossing with European highway E134. This is followed by an
approximately 10 km open track section west of the Førresfjorden.
For the crossing of the Boknafjorden, the route has to be lowered to a height of approximately – 370
m AMSL due to the geological conditions. The low point will be between the islands of Bokn and
Kvitsøy. With a gradient of 25 per mille the surface cannot be reached on Bokn Island from this low
point. Therefore, the tunnel entry is positioned in the northern area of Fosen Island.
From Fosen the tunnel descends for three km with a steep gradient of more than 27 per mille, to
get deep enough to pass under the fjord. To avoid this steep gradient the tunnel can be extended
about 1.5 km to the north, with the tunnel opening on Lindøy close to Røyksund. After the first 3
km, the tunnel descends with a gradient of approximately 15 per mille to a low point of - 370 m
AMSL between Bokn und Kvistøy and then follows a subsea ridge to the southeast to a height
of approximately – 260 m AMSL . The distance from this point to the station in Stavanger is
approximately 15 km. With a gradient of 25 per mille, the terrain surface (+ 50 m AMSL) could
be reached approximately 2 km north of Stavanger station. As it is virtually impossible to run the
line above the surface due to the high density of the built-up area, the line is routed in a tunnel to
Stavanger station. The tunnel length between the tunnel entry on Fosen and Stavanger station is
therefore about 50 km.
This subsea tunnel follows for a large part a planned road tunnel along the E39. This tunnel will
probably be built before the HSR line, and will therefore serve as a pilot for the HSR tunnel. This can
serve to strengthen the cost estimates and significantly lower the uncertainties involved.
The length of the line between Bergen und Stavanger as described above is 230 km. The line
requires the construction of tunnels with a total length of 144 km und approximately 20 large bridge
structures. Thus the tunnel portion of the line is about 63 per cent.
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5 Large structures
5.1

Long bridges with wide span

5.1.1 The Hardanger Fjord crossing
The Hardanger Fjord crossing is the longest and also the most challenging due to the topographic
and the depth of the fjord. The distance across the fjord at the current crossing point is 1850m long
from shore to shore, and the depth is about 550m for most of the distance. A railway crossing with
main span of this length is beyond anything yet build.

Figure 5-1 The Hardangerfjord crossing.

Figure 5-2 Depth of the fjord.
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Around the world there are several suspension and stay cable bridges for two-tracks railways.
The Tsing Ma Bridge in Hong Kong is one of the largest. This is a suspension bridge for the airport
railway, in addition to the road lanes, and has a main span of 1377 m. The Akashi-Kaikyo Bridge in
Japan is at the moment the world largest suspension road bridge and spans 1992 m.
The Messina crossing in Italy is currently being in design for construction. This will by far be
the world largest suspension bridge with a record breaking span of 3200 m. The 60m wide
superstructure contains motorway lanes, a two-track railway and independent lanes for service
traffic and pedestrians.
There are several possible construction solutions for the Hardangerfjorden crossing.
The most likely alternatives are:
•
Suspension bridge
•
Floating bridge
•
Submerged tunnel
Of the many aspects to be considered for these three alternatives only a few key issues are
commented in the following:
Alternative suspension bridge
The mail towers for a suspension bridge have to be place very close to the shoreline due to the
steeply sloped terrain causing the main span to be ap. 1850 m. By moving the track alignment
some 500m toward northeast the span can be reduced to ap. 1500 m. The Messina crossing shows
that these spans are achievable for a railway suspension bridge. The main challenge is to achieve
sufficient stiffness of the superstructure in order to meet the requirements for a high speed railway
related to deformation and acceleration of the superstructure. Manly wind forces, but also the train if
self will introduce movements in the superstructure which will affect the allowable speed of the train.
It is our professional view that it is possible with today’s technology to achieve sufficient stiffness to
allow for train speed up to 250 km/h most of the time. In periods with strong wind the speed has to
be reduced accordingly.
Alternative floating bridge
In order not to represent a barrier for the ship traffic, a floating bridge should have a sailing passage
which calls for a tall bridge for a part of the crossing. A single tower stay cable bridge at one end
represent a typical solution with the bridge deck ap. 70m above sea level. With 2,5 % inclination
for the tracks the bridge deck will still be ap. 35m above sea level at the other end of the bridge. A
floating bridge with the superstructure this high above the sea level does not seem to be feasible
due to stability reasons.
Alternative submerged tunnel
The technology for construction of submerged road tunnel is available but to the present day
none has been build. A tunnel of this type for a high speed railway would consist of two parallel
and connected tunnels/tubes submerged to a depth of 30 - 40 m. This type of tunnel needs both
pontoons and stay cable anchors for stability and safety reasons. Again the depth of the fjord
represents a challenge along with the general lack of experience with this kind of structure.
Proposed solution for the Hardangerfjord crossing
Based on the knowledge form present strait crossings together with an evaluation of the
topographic conditions for the Hardangerfjord crossing, it is our assessment that a suspension
bridge is technical feasible and the most likely solution for the crossing.
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Figure 5-3 Illustration of a suspension bridge for the Hardanger Fjord crossing, with a span of 1850m.
The illustration is based on the Messina strait crossing.

5.2

Long tunnels

5.2.1 General
In this context, long tunnels mean tunnels with a length of 5km or more. Tunnels of this length
and more have been constructed before. Among the examples are the trans-Alpine tunnels, some
of them constructed in the period 1860 – 1913, the 53km long Seikan subsea railway tunnel in
Japan, the 14km long Romeriksporten railway tunnel and the 24km long Lærdal road tunnel in
Norway. In addition to long traffic tunnels, several long tunnels are constructed around the world for
hydropower and water supply etc.
Due to topography and stiff alignment, there are numerous long to very long and partly deep tunnels
included in the highspeed connections between Oslo and Bergen. With the branch connection to
Haugesund and Stavanger, there are also very long subsea tunnels included as alternative concepts
to strait crossings.
With long and sometimes deep tunnels there are several challenges to be solved both during the
construction and the operational stages. These challenges are related to environmental issues,
technical issues, construction time and cost (construction and lifetime) as well as safety issues.
Due to safety reasons a concept of twin tube tunnels with a single track in each tube is selected.
Cross connecting rescue tunnels will be constructed every 500m. The concept provides benefits
and more flexibility during tunnel construction.
Long and deep tunnels are consequently characterized by conditions for risk assessment and
risk management during the whole lifetime of the project for safe performance during planning,
construction and operation. Risk assessment will be an important tool, in particular during planning,
to identify problem areas and to prepare mitigation measures to prevent or reduce potential risks to
an acceptable level.
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5.2.2 Construction
Construction of long tunnels will be either by conventional drill and blast (D&B) or by tunnel boring
machine (TBM). While D&B is more flexible, the TBM will have better progress if the equipment
is specially designed for the job. However, time for design and mobilization is longer for the TBM
and TBM is more vulnerable to unexpected geological conditions and requires more ground
investigations during the planning stage. The TBM must be designed and equipped for all possible
geological conditions.
If the topography is suitable, several adit tunnels might be used to decrease the length of headings
and reduce construction time if D&B is selected. If not, the headings will be very long, increasing the
construction time of the tunnel.
Transport, haulage and logistics during construction will be an extra challenge. In particular, this will
be the case for long and deep subsea tunnels where there are no extra access possibilities with the
exception of islands and/or peninsulas near the corridor. During the last 20 years, several subsea
tunnels have been constructed in Norway. From the experience gained, methods are developed for
safe construction and performance of subsea tunnels. Today, railway crossings of the Bosporus
strait in Turkey are under construction with an immersed tunnel in the middle connected with TBM
bored tunnels at both ends.
Another potential problem is related to Health and Safety and working conditions (H&S) with
ventilation of gases from explosions (conventional drill and blast) and transport vehicles during
construction. Extra ventilation shafts might be required at certain intervals during construction.
As a result of almost horizontal or slightly inclined tunnels, drainage might be a problem. Systematic
grouting will be used in potential water-bearing formations and under environmentally vulnerable
areas to prevent leakages and drainage of ground water. Despite such measures, drainage and
pump systems will be designed to take care of water leakages and process water during construction.
Long tunnels have several benefits to the surrounding environment. However, the tunnel activities
related to the surface environment will be concentrated around tunnel openings, adits, transport
activities, logistics and disposal of tunnel spoil.
Handling and transport of tunnel muck will be a great challenge, in particular in areas with long
tunnels. Disposal of tunnel muck will require large areas and transport of muck, in particular
transport along public roads will be a challenge. Along the tunnel alignments there is also bedrock
of good and very good quality, and potential use of excavated rock for fill and aggregate should be
investigated. Tunnel spoil and drain water from tunnels are basically contaminated and measures for
cleaning drain water from tunnel openings and deposits for excavated material should be prepared..
During the planning stage, an Environmental Impact Assessment should be prepared, including all
environmental and social impacts imposed by the project. Mitigation measures should be developed
and an Environmental Monitoring Program prepared to be followed up during construction as well
as operation of the project.
Environmental aspects are discussed in a separate chapter of the report.

5.2.3 Operation
During operation of long tunnels, challenges are related to accessibility and logistics during
maintenance and for rescue in emergency situations (accidents, fire etc.). The resistance in tunnels,
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due to high air pressure caused by fast trains, will keep the top speed significantly lower than on an
open line section.
The possibility for separate rescue tunnels, shafts and rescue rooms in the tunnel must be evaluated
and designed during the planning stage. Access and adits from the construction period will also be
available for use during operation of the tunnels.
During the operation alstage of the project, long tunnels will provide great benefits for the
environment. Along tunnels, there will be no visible or noise impacts of the high speed rail linjk and
impacts from the project will be reduced to local impacts at tunnel and shaft openings. In long
tunnels, the inner climate is stable and the future high speed rail track is well protected from climatic
variations, snow, frost, avalanches, debris and landslides.

5.3

Construction period and traffic issues

Construction of a highspeed rail project between Bergen and Oslo, with links to Haugesund and
Bergen includes heavy constructions and earthworks, large span bridges and several long tunnels.
The proposed corridors and alignments pass through a rough landscape with mountains and
fjord crossings, environmentally sensitive and vulnerable areas. In addition, parts of the proposed
corridors/alignments follow existing roads and railways and pass through populated and urban
areas with farmland, villages, cities and towns. During the construction stage there will be a lot of
challenges due to environmental and social impact.
Due to geography, topography and location in partly remote areas, there will be need for power
supply, operating and “all weather” infrastructure and access roads during construction, areas for
construction plants and also for disposal of tunnel-muck. In open areas, there will be a need of
construction roads along the route. These roads will be future service roads during the operation
and maintenance phase. In addition, the construction period will cause transport activities on public
roads. Where the proposed highspeed railway follows existing railways and roads, temporary traffic
arrangements and alteration of traffic will be needed to reduce conflicts with other traffic in conflict
areas. In populated and urban areas, some buildings and houses will have to be demolished or
temporarily removed during the construction period.
Through urban areas, the use of TBM machines may have several benefits if the tunnels are of a
certain length. However, from construction of several urban tunnels using D&B, procedures and
methods for safe performance of tunnelling in sensitive, urban and populated areas have been
developed even for conventional D&B.
A comparable project is the Taiwan High Speed Rail project, a 345km long double track high
speed rail link between Taipei in the north and Kaoshiung in the south following the west coast of
Taiwan. The high speed rail link was constructed in the period between 2000 and 2007. The project
includes several tunnels, bridges, viaducts and earthworks. The project was at that time the world’s
largest BOT (Build, Operate and Transfer) with THSRC (Taiwan Highspeed Rail Corporation) as
developer and operator the first 35 years of operation. During construction, the project was divided
in two sections, north and south with 11 separate D&B (Design and Build) contracts for civil works
(earthworks, structures and tunnels). Shinkansen from Japan was the contractor for superstructure,
electrification, signalling and rolling stock. A similar philosophy might be adopted for the HSR
Norway.
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6 Environmental impact assessment
The purpose of this chapter is to present the environmental values and the environmental impact
along the high-speed railway alignments in corridor west. Whether a new line is constructed or an
existing line is extended, it will have an impact on the environment. The following individual topics
have been assessed: Landscape, Cultural heritage, Community life and outdoor recreation, Natural
environment, Natural resources and Noise. Environmental consultants at Sweco have worked both
individually with each topic and together in a group, to ensure that each topic has been addressed
and that the overall analysis has been performed in accordance with the proposed method.

6.1

Maps

Maps showing the alignments and the different environmental interests are found in Attachment
Maps.
The maps show the alignments in conjunction with the environmental interests in the categories
“high value”, “medium value” or “unvalued”, see description in chapter 2.4. There is one set of maps
for each of the topics Landscape, Cultural heritage, Community life and outdoor recreation, Natural
environment and Natural resources. During the course of the project more detailed information has
been made available through the web map access Avinet. More information about the landscape
and the environmental impact is available in Attachment Environmental analysis.

6.2

General environmental impact

A new high speed railway is a very rigid structure that has to be designed with large radii and small
inclinations. This can make the railway hard to adjust to the landscape. The railway will be built
in tunnels, over bridges, in cuttings or on embankments. The structure will become a part of the
landscape in the future. Thus it is of great importance to be aware of the environmental implications
during the planning and design phases. Many factors have to be considered to achieve a welldesigned railway with a limited environmental impact.
The landscape will be changed, both in the sense of how we experience, and the way we use the
landscape. Some landscape sections will change character or be fragmented. In other sections the
railway might fit well into the surroundings. The impact on the landscape can be both direct and
indirect. Direct impact might be high embankments, catenary poles or noise barriers. In hilly and
undulating landscapes the railway will be constructed on embankments or bridges and in cuttings
or tunnels. This will have a larger impact on the landscape than in flat areas where the railway can
be more or less at the same level as the surrounding land. The indirect impact on the landscape
might be fragmentation of farmland which indirectly leads to overgrowth of land parts that are too
small to cultivate or become too difficult to reach. Around the stations there might be new road
structures and the stations can attract other developments which can change the cityscape.
The physical impact from the railway can cause direct damage to cultural heritage by removing or
destroying cultural monuments and buildings. The impact from the railway can also be of an indirect
nature such as noise disturbances or fragmentation of cultural environments. This might lead to a
loss of history of local, regional or even national importance. Also precautions to reduce noise, for
instance new windows and noise barriers can have an impact on cultural heritage.
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Figure 6-1 New infrastructure have an impact on the environment,
here a road bridge over Hardangerfjord is under construction.

Figure 6-2 The Bergen line makes it possible to get out in the
mountains, here the station at Ustaoset. Njål Svingheim/JBV.

The impact on recreational interests can be connected to land take, barriers and noise impact.
The impact will depend on the character of the activities and what kind of other disturbances there
are in the surrounding area. Also impact on cultural interests and natural environments can lead to
consequences for recreational values in the area.  
For the natural environment a new railway can lead to direct impact on habitats and species when
land is taken. The railway can,even in the form of bridges,be a barrier between different habitats
which makes it harder to achieve an exchange of individuals between different areas. Noise can be
critical for some species and trains can run down animals on the track. The railway can also cause
local changes in hydrology which can have an impact on the natural environment or watersheds. All
in all these elements can be critical to threatened species and lead to impacts on the biodiversity of
an area.
A railway can have an impact on opportunities for exploiting natural resources through landtake,
barriers, changes in groundwater levels and hydrology and through risk of pollution to water sheds
and water sources.
The trains will cause airborne noise and vibrations in the ground. Under certain circumstances the
vibrations can cause groundborne noise as well. These impacts can have negative consequences
for human health such as disturbed sleep, trouble hearing voices and difficulty concentrating.
Normally problems associated with vibrations are limited, but can be a concern in areas of clay.

6.3

Findings in Corridor West

The environmental analyses in this phase are limited and are not intended to predict the complete
environmental impact of a high speed rail network in Norway. The studies of the different routes
indicate that it is possible to find corridors where there is a good chance of obtaining permission
to build a new railway across the mountains, but that there will be a need to pass through national
parks in long tunnels.
For the different scenarios 2*, D1 and D2 it seems like the constraints in the D1 alignment are an
advantage as they result in many tunnels. But the tunnels have their own consequences which must
also be considerd, so it can be misleading. For example the depositing large amounts of surplus
material are not included in the analyses in this phase. It is more realistic to think that the more
flexibility there is in the alignment, the easier it will be to adjust the railway to the landscape.

97

High Speed Rail Assessment 2010-2012 Phase 3 – Corridor West

(1a)

(1b)

(1a)

(1a)
GEILO

(1a)

BERGEN

(2a)

(3)

(4a)

(1b)
(3)

(1b)

HØNEFOSS

(2a)

(4a)
(3)

SANDVIKA
RØLDAL

(2b)
(3)

(2c)

(4a)

DRAMMEN

KONGSBERG

(2e)

(2b)

(2b)
HAUGESUND

(2d)

(4b)

STAVANGER

1

2

±

3

Highlight areas

2* Alignment

Figure 6-3 High lights of places with higher conflict potential.
5

6

4

8

9

D1 Alignment

D2 Alignment
Bridge

6.3.1 Hallingdal route

Ferry

Existing railroad - Tunnel

Creek / River

Lake

Highway

County border

Bog

State highway

Municipal border

Glacier

±

Ocean

County road

Tunnel

7

Existing railroad

Built-up area

Municipal road
0

4

8

16

24

32

40

48

56

64

72

80
Kilometers

88

96

104

112

120

128

136

144

152

160

01
00

FINAL VERSION
DRAFT VERSION FOR FINAL CONTROL

Rev.

What the revision applies

11.11.11 KSa
23.09.11 KSa

SUBR
SUBR

Date

Inspected by Approved by

Drawn by

HMo
SnL

Scale for A3 paper

Scale:

1:850.000

ALL ALIGNMENTS
HIGHLIGHT AREAS

1:850 000

Company
Company

SWECO
PÖYRY

THE NORWEGIAN HIGH SPEED RAIL
ASSESSMENT PROJECT - CORRIDOR WEST
Drawing number:

Rev.:

3.

01

The Hallingdal route is the only route with three different alternative standards for the railway;
2*, D1 and D2, and the Bergen line. Even though the route partly follows the Hallingdal valley it
passes through areas with a minor impact from infrastructure in the Hardangervidda area. Large
parts of Hardangervidda plateau are protected as national parks. The area of Hardangervidda and
the surrounding area is an important habitat for wild reindeer, and parts of the area are protected
biotopes for reindeer. Alignments D1 and D2 pass through these areas mostly in tunnels which
limits the number of conflicts. The 2* alignment has a larger amount of day zones through this area
which leads to a higher conflict potential. The route passes several important tourist areas such as
Voss, Myrdal, Finse and Geilo. The landscapes in the tourist areas are often valuable and a part of
the tourist attraction. A new railway makes the area more accessible, but can also have a negative
impact on the environment and make the area less attractive.
Other areas with high values along the route include Bergen city centre, Samnanger and
Skjervsfossen. Around Hønefoss and Tyrifjorden there is an area with high values in all themes. The
railway passes through the area area in a combination of tunnels, bridges and day zones. This is an
area with high conflict potential.
The 2* alignment follows the existing railway on part of the route and follows the valleys closer to
populated areas compared to D1 and D2. Alignment D1 has less impact on central values compared
to 2* and D2 in many different themes and is therefore ranked as the second best alternative behind the
0-alternative. Alignment D2 has more impact than D1, but less than alignment 2* for most of the themes.
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6.3.2 Haukeli route
Very long sections of the Haukeli route pass through very sparsely populated areas, although the
alignments can follow valleys on parts of the routes. There are very long tunnels along this route,
both under water and through mountains.
Some sensitive spots include Bergen city centre, the passages of Samnanger and Hardangerfjord,
where there are high values for landscape, cultural heritage and recreation. The Folgefonna
National Park of is passed in a long tunnel from Hardangerfjord to Odda. From Odda and south to
Seljestad there is an area with heightened conflict potential for landscape values and recreational
and cultural heritage values along a number of day zone sections. The alignments do not pass any
of the national parks around Haukeli and the mountain area is passed in tunnels with only some
limited day zones. This limits the conflict potential. From east of Seljordsvatnet to Notodden there is
increased conflict potential for most of the environmental themes. Also parts of Kongsberg and the
area between Hokksund and Drammen have high values due to cultural heritage and recreation.
The first part of the Stavanger – Røldal alignments has no major conflicts since Boknafjord is
passed in a tunnel. There are environmental values along several of the day zones, which indicate a
conflict potential, for example north and south of Haugesund.
The D1 and D2 alignments are very close to each other for most of the route. For most of the
themes there are only small differences between the alignments. Since D1 has more tunnels it has
less impact on some values and is ranked before D2.

6.3.3 Numedal route
The Numedal valley is sparsely populated which means few conflicts with inhabitants; but that
there are quite high values in the landscape since relatively untouched by infrastructure and other
development. Numedal is known for its cultural variety and outdoor activities. The valleys attractions
are mostly based on nature related values such as good skiing conditions, large areas of unspoiled
nature and a rich cultural history which can be read through intact cultural landscapes. The high
speed railway will have an impact on these aspects, but can also generate more activities and
visitors to the area.
There is an existing railway, Numedalsbanen, which follows the valley close to the river.
Numedalsbanen is classified as a high valued cultural heritage site. Both D1 and D2 might be in
conflict with this site. Some of the spots with higher conflict potential are in Uvdal, Numedal, Rollag
and around Kongsberg. The Numedal route is the route with most day zones which might lead to
more conflicts with environmental values than other routes.
D1 and D2 take different routes throught the northern part of the alignment but elsewhere the two
routes are largely identical. D1 has a larger number of tunnels than D2. For most of the themes
alignment D1 has less impact than D2. D2 is ranked as the alternative with most conflicts.
Except for the Numedal part the whole route Bergen – Drammen also includes the connecting parts
Bergen – Geilo (main route Hallingdal) and Kongsberg – Drammen (main route Haukeli).

6.3.4 Coastal route
The coastal area is more populated than the mountain areas, especially around the cities of Bergen,
Haugesund and Stavanger. As the alignment is designed in tunnels around the cities many conflicts
can be avoided. The coastal area generally has a high concentration of cultural heritage along the
coast line. Due to the terrain and passages of fjords a large part of the route is planned in tunnels,
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which limits potential conflicts . The longest tunnel passes under Boknafjord north of Stavanger.
Bergen city centre with the area around the railway station is a protected cultural heritage site. One
particularly sensitive spot is the area around Samnanger due to landscape values and recreational
and cultural heritage values. Around Mundheim there are some nature reserves are passed in
tunnels. Further south at Tysnesøya there are high values for cultural heritage, landscape and
recreation. The city of Haugesund is mostly passed in tunnels, but day zones north and south of
Haugesund can lead to conflicts with environmental interests.
The Coastal route has only one standard; D2. Since there is only one alignment there is only a
ranking against the 0-alternative.

6.4

Hallingdal Route: Bergen – Sandvika

													

Figure 6-4 Hallingdal Route Bergen - Sandvika.

6.4.1 Landscape
Part of route 1a Bergen-Geilo
The alignment will pass seven different landscape regions between Bergen and Geilo.
In the open agricultural areas of Holdhus, Hisdalen and Instetjørna the alignments will take the
form of long bridges that interupt the continuous agricultural landscape. Through the community of
Samnanger (Bjørkheim) the bridge will cross the valley by going along the mountainsides and cross
the valley at the back of the builtup area. Through Vangsvatnet (alt 2*) the D1 and D2 alignments
interupt the continuous cultural landscapes; all the alternatives pass through the Vossavassdraget
protected watershed. Alignment 2* passes through the Flåmselvi protected watershed. Around
the Skjervet area alignments D1 and D2 pass through a continuous cultural landscape including
the Skjervsfossen waterfall. Alignment D1 and D2 pass through the Granvinsvassdraget protected
watershed.
All alternatives pass through the Haugastøl/Ustevatn area, which is a well-known continuous
mountain landscape and a portal to the protected landscapes of Hardangervidda
A large bridge west of Geilo creates a clear visual element (all alignments).
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The alignments are marginally different regarding intervention in the landscape. The D2 alignment
has been ranked above the two others because of the slightly better adjustment to the landscape in
the critical areas of Holdhus and Skjervet.
Part of route 1b Geilo-Hønefoss
The alignments will pass six different landscape regions between Geilo and Hønefoss
The small towns of Nesbyen, Flå and Gulsvik are visually strongly affected by the D1 and D2
alignments. Alignment D1 will pass through the small community of Trommald via a bridge that will
fragment the local landscape. All alignments pass through the protected Sokna watershed between
Lindelia and Hønefoss.
The alternatives are marginally different regarding interventions in the landscape. The D1 alignment
follows the existing railway line more closely and has generally fewer interventions on untouched
land, but causes more visual barriers because of its central position.
Part of route 1c Hønefoss-Sandvika
The alignments will pass three different landscape regions between Hønefoss and Sandvika.
Between Hønefoss and Steinsfjorden an area of continous cultural landscapes will be fragmented
(D1 and D2). A large bridge crossing the mouth of Steinsfjorden will be a distinct visual barrier. Open
agricultural areas along Holsfjordens east bank will be fragmented.
The D1 alignment has been ranked above D2 because of fewer interventions in the landscape at
critical areas along Tyrifjorden.

6.4.2 Cultural heritage
Part of route: 1a Bergen – Geilo
Around the railway station in Bergen there is a large automatically protected middle age town sites
and protected ancient buildings made of wood. An expansion of the railway station might conflict
with these cultural values. North of Samnanger there might be a conflict with traditional farmhouses
situated in a cultural landscape. Alignment 2* will affect the centre of Voss including the railway
station, an ancient hotel and small town buildings. Alignment D1 and D2 will pass by traditional
farmhouses situated in a cultural landscape on the southern side of Vangsvatnet. D1 will impact
a part of Nordmansslepene, which is an automatically protected cultural heritage site between
Osa and Hallingskeid in the county of Ulvik. This is one of several ancient road/path systems
crossing Hardangervidda. The south side of Ustevatnet has a cluster of automatically protected
cultural heritage sites as well as summer farmhouses. D1 and D2 will create a barrier in the cultural
landscape. Around Geilo there are a cluster of automatically protected cultural heritage sites. Some
of these will be in conflict with D1 and D2.
Alignment 2* has been ranked above D1 and D2, due to land take of new areas caused by the latter
two alternatives.
Part of route: 1b Geilo – Hønefoss
In Hallingdalen there are several clusters of particularly ancient buildings as well as automatically
protected cultural heritage sites. Of most importance is the Pilgrim way, a cultural heritage site of
national value. Alignment D1 hits the Pilgrim way twice in the county of Ringerike. Alignment D2
hits the pilgrim way three times in the county of Hole. The area around Ringerike containsancient
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farmland with a high frequency of automatically protected cultural heritage sites and may even
contain additional as yet undiscovered cultural heritage sites requiring protection. Due to the
potential of such finds, the regional cultural heritage administration will probably insist on thorough
investigations conducted in parallel with further planning of the railway. Further studies must be
conducted to decide which areas require additional study.
Alignments D1 and D2 have been ranked above alignment 2* due to fewer conflicts with cultural
heritage sites. As D1 hits the Pilgrim way less frequently than D2, the first is ranked above D2.
Part of route: 1c Hønefoss-Sandvika
The area around Ringerike contains ancient farmland with a high frequency of automatically
protected cultural heritage sites and may even contain additional as yet undiscovered cultural
heritage sites requiring protection. Due to the potential of such finds, the regional cultural heritage
administration will probably insist on thorough investigations conducted in parallel with further
planning of the railway. Further studies must be conducted to decide which areas require additional
study. As the alignments reach Sandvika, D1 passes through a number of cultural heritage sites. D1
is ranked above D2 because of this fact. The Tanumplateau, a protected cultural landscape site, is
affected by both D1 and D2, but there is a difference in the area impacted: D2 will affect 35 000 m2,
while D1 will only affect 20 m2.
D1 and D2 differ marginally, but D1 is ranked above D2 because the latter affects a protected
cultural landscape site.

6.4.3 Community life and outdoor recreation
Part of route: 1a Bergen – Geilo
The 2* alignment passes through the community of Bjørkheim (Samnanger). This will have an impact
on the local recreational areas and the railway will be a dominating feature in the community. The
area in and around Voss is used for many outdoor sports activities. The areas in the outskirts of
the city centre are likely to be more affected by the railway than the city itself. The crossing of
Vangsvatnet and Bordalen will change the character of the recreational areas. At Mjølfjell (west
and east) and Myrdal alignment 2* will pass popular tourist, skiing and hiking areas. The line must
be adjusted to the activities of the area. By Ossete alignment D1 crosses a marked hiking path.
At Hallingskeid, Haugastøl, along Ustevatn (south) and Geilo (west) alignments D1 and D2 pass a
number of famous and popular hiking areas used both in summer and winter. At Finse alignment
2* passes a narrow corridor between some important recreational areas in two national parks at
Hallingskarvet and Hardangervidda.
Alignment 2* goes through the most valuable areas for outdoor recreation. The alignment follows
the existing Bergensbanen line very closely. As a consequence of this, the line is already integrated
in these areas. A new alignment will occupy more land, but will not make major changes in the
character of the landscape and recreational areas. Alignment D1 has fewer interventions than
alignment D2.
Part of route 1b Geilo- Hønefoss
Alignment 2* follows the existing Bergensbanen line and has an impact on the recreational areas
around the communities close to the line. Geilo (east), Ål (south), Nesbyen (east), Sokna and
Hønefoss (west) are affected through new day zones which will create stronger barriers in the local
environment. Alignment D1 follows alignment 2* closely and the same areas are affected. Alignment
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D2 passes Geilo alpine centre through a day zone. This will affect the recreational values of the
area. D2 follows the opposite side of Hallingdalen from Svenkerud to Flå and creates new physical
barriers in these areas. There are no registered hiking paths outside the densely populated areas
which the alignment crosses.
Part of route 1cHønefoss - Sandvika
Alignment 2* stops in Hønefoss. The following is valid for alignments D1 and D2. The southern part
of Hønefoss will be affected. The area consists of cultural landscapes and the character of this
landscape can change due to the new alignment, both with regard to noise and visual impact. The
crossing of Steinsfjorden will change the area significantly and will affect the character of the area
around Kongens utsikt. The well-known and very popular recreational area of Krokskogenlies is
not far from Steinsfjorden. Alignment D2 follows Holsfjorden and lies close to some hiking paths
between Skare and Brennhoggfjellet. Between Bjørumsaga and Skui alignment D1 opens in a day
zone which goes through a densely populated area. Alignment D1 is ranked above D2 due to less
impact on the recreational areas around Sollihøgda.

6.4.4 Natural environment
Part of route: 1a Bergen – Geilo
Alignment D1 and the 25 m buffer zone of D2 affect a small important woodland pasture (hagemark)
north west of Granvin. Alignment D2 crosses through the middle of an important rich deciduous
forest at Espeland east of Granvin.
Alignment D1 cuts through a very important humid ravine and calcareous forest in the shape of a
bridge, west of Finse.
Alignment D1 and D2 cross a very important area for the white-backed woodpecker (Dendrocopos
leucotos) south of Vangsvatnet.
All alternatives affect areas for wild reindeer around Finse. Alignment D1 and D2 have the greatest
proportion of tunnels, while the 2* alignment has the largest proportion of day zone. Alignment C
therefore affects a bigger area and also enters a part of the Finse protected reindeer biotope. The
existing roads and railway have had a fragmentation effect on the reindeer stock in this area. A new
railway will have an even greater barrier effect, due to high fences.
All alignments cross two protected water sheds. Alignment 2* crosses the largest stretches,
going into Vossavassdraget and Flomselvi, while D1 and D2 enter Vossavassdraget and
Granvinsvassdraget. The number bodies of water crossed by bridges is not calculated.
In forested areas, some small areas are registered (Miljøregistreringer i Skog) that can conflict with
the day zone parts of the railway.
Alignment D1 generally affects a smaller area and fewer objects than D2. D1 is therefore ranked
before D2. Alignment 2* affects fewer nature types, but affects significantly more objects and area
in total, including a protected area and wild reindeer living areas, and is therefore ranked last in this
part of the route.
Part of route: 1b Geilo - Hønefoss
Alignment 2* and D2 cross a biologically very important pasture area east of Krøderen. D1 touches
the same area.
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All alignments cross a very important area with old coniferous forest north west of Hønefoss.
All alignments enter and cross the Sokna protected water shed, mostly in day zones. D2also
touches the border area of Norefjellsområdet. The number of bodies of water crossed by bridges is
not calculated.
In forested areas along the Hallingdalen valley, many small forest environment areas are registered
(Miljøregistreringer i Skog) that can be in conflict with the day zone parts of the railway.
The difference between Alignment 2* and D1 are small, but unambiguous, and therefor alignment
D1 is ranked in front of 2*. Alignment D2 affects a clearly greater number of objects and area, and is
therefore ranked last in this part of route.
Part of route: 1c Hønefoss-Sandvika
Alignment D1 enters and D2 crosses theViksåsen coniferous forest reserve. The 25 m buffer zone
around D2 also covers some of the nearby Biliåsen protected landscape area. The line itself does
not enter the area.
Alignment D2 crosses Vinterguten geological nature reserve on a bridge. Further south, D2 touches
Tverrbergkastet coniferous forest reserve.
The 25 m buffer zone around D1 covers some of the southern end of Kjaglidalen coniferous forest
reserve on a bridge. The line itself does not enter the area.
Near Tyrifjorden, both alignments cross a very important area for water fowl.
The border area, where part of route changes from 1b to 1c, lies in the border area of the Sokna
protected watershed. Later, both alignments cross the Tyrifjorden protected watershed on bridges
and includes some day zones inside the border of the Oslomarkvassdragene. The number of bodies
of water crossed by bridges is not calculated.
In forested areas between Hønefoss and Sandvika, many small forest environment areas are
registered (Miljøregistreringer i Skog) that can conflict with the day zone parts of the railway.
Alignment D2 generally affects a greater number of objects and area than D1 and is therefore
ranked after D1.

6.4.5 Natural resources
Part of route: 1a Bergen – Geilo
The alignment is often planned to cross agricultural land on bridges along this part of the route,
thereby reducing the number of potential conflicts. Yet based on the numbers, alignment D1 and D2
show little difference in conflict potential and are ranked equally ahead of alignment 2*. Alignment 2*
affects more objects, probably as a result of more day zones.
Part of route: 1b Geilo - Hønefoss
Alignment 2* and D1 will cross a very important area of sand and gravel on a bridge north of
Nesbyen. A bridge is considered to reduce the conflict with this object.
Alignment 2* affects a larger potential conflict area than D1, while D1 affects a larger number of
objects than 2*. They are therefore ranked equally, ahead of D2, which in total both affects more
objects and a larger conflict area than 2*.
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Figure 6-5 Farmland south of Hønefoss with Tyrifjorden in the distance.

Figure 6-6 Ustevatnet at Hardangervidda.

Part of route: 1c Hønefoss-Sandvika
Alignment D1 and D2 both affect large areas of agricultural land between Hønefoss and Tyrifjorden,
and crosses the Holsfjorden water source via a bridge.
Alignment D2 affects both more objects and encroaches on a greater conflict area than D1, and is
there for ranked after D1.

6.4.6 Noise
1a Bergen – Geilo
Alignment 2* is clearly the worst alignment with regards to the number of inhabitants which will be
affected by noise. Alignment D1 and D2 are equal and will affect far less inhabitants. Alignment 2*
will require a substantial amount of noise barriers. The total required length is approximately 9.4 km
(9 per cent of the section is day zone). D1 and D2 will require barriers of respectively 1.4 km and 1.9
km, (approximately 3 per cent of the section is day zone).
1b Geilo – Hønefoss
This part of the route has roughly the same noise impact on inhabitants for all the alignments;
however alignment D1 affects the fewest number of people. The various alignments are also very
similar with regards to the required noise barrier lengths. The required lengths for 2*, D1 and D2
are 1.4 km, 1.2 km and 1.4 km (approximately 2 per cent of the section is day zone).
1c Hønefoss – Sandvika
Alignment D1 is clearly the worst alignment with regards to the number of inhabitants which will
be affected by noise. Alignment 2* is calculated as D2 and is therefore equal and will affect far
less inhabitants than D1. The various alignments are also similar with regards to the required noise
barrier length. The required lengths for 2*, D1 and D2 are 3.6 km, 4.4 km and 3.6 km (approximately
20 per cent, 30 per cent and 20 per cent of the section is day zone).

6.4.7 Summary for all environmental themes – Hallingdal
The Hallingdal route is the only route with three different alternative standards for the railway; 2*,
D1 and D2, and the Bergen line. Even though the route partly follows the Hallingdal valley it passes
through areas resulting in a minor impact from infrastructure in the Hardangervidda area. Large
parts of Hardangervidda plateau are protected as national parks. The area of Hardangervidda and
the surrounding area is a habitat for wild reindeer, and parts of the area are protected biotopes
for reindeer. Alignments D1 and D2 pass through these areas mostly in tunnels which limits the
number of conflicts. The 2* alignment has a greater number of day zones through this area which
leads to a higher conflict potential. The route passes several important tourist areas such as Voss,
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Myrdal, Finse and Geilo. The landscape in the tourist areas is often valuable and a part of the tourist
attraction and a new railway makes the area more accessible, but can also affect the values and
make the area less attractive.
The Hallingdal route passes several valuable landscapes. Many of the areas which are crossed by
the high speed railway are of a small scale. The result can be fragmentation of the landscape. The
general impact from the high speed railway is caused by large scale construction such as bridges.
Many of these are totally at odds with the scale of the small districts that will be affected. Visual
conflicts occur in Samnanger, around Vangsvatnet at Voss, around Ustevatn by Ustaoset, Geilo,
Nesbyen, Flå and between Hønefoss and Tyrifjorden.
Cultural heritage sites are mostly counted as spots. It should therefore be possible to adjust
the alignment to avoid conflicts. Cultural heritage sites counted as lines will of course be more
troublesome to avoid, when they are crossed by the alignments. Valuable cultural landscapes are
not counted in the GIS analysis. The next step should therefore be to interconnect valuable (cultural)
landscapes, ancient buildings and cultural heritage sites. Along the Hallingdal route there are
several landscapes that can fill these criteria. Some of these are pointed out as high-lights in this
report, although they should be further analysed in the future. As for cultural heritage the main route
follows an existing railway, where the settlement is already clustered along the existing alignment
and the stations. In general this makes the cultural heritage along the alignment less vulnerable
to a new alignment. Other areas with high conflict potential due to cultural heritage are in the city
of Bergen, around Voss and Vangsvatnet, south of Ustevatnet and around Geilo. The area around
Hønefoss and south towards Tyrifjorden is subject to potential conflict.
Considering community life and outdoor recreation the Hallingdal route will pass several important
areas. In particular careful condsideration must be given to the areas around Voss, Myrdal, Mjølfjell,
Hallingskeid, Finse and Ustevatn/Ustaoset. These are nationally important recreational areas of high
value. Geilo and the station cities in Hallingdalen will also be affected, but the scale of impact will
not be as large as for the high mountain areas. When the line gets closer to the densely populated
areas around Oslo, the alignments will have an impact on recreational areas used by many people.
The alignment does not cross any registered hiking paths, but will change the character of the
landscape in these areas. The 2*alignment causes the least impact, D1 is marginally better than
alignment D2.
Protected areas are naturally in conflict with a high speed railway. Very important nature types and
wildlife areas also represent an important potential conflict. However, except for the wild reindeer
habitats, all these areas are mainly smaller in size, and they are often affected by only one of the
alignments. It therefore seems likely that only minor adjustments to the alignment would be needed
to avoid such areas. Even if the railway still touches some of these areas, it is reasonable to assume
that a certain amount of such areas could be sacrificed or compensated for, for the sake of a high
speed railway. Other areas with high conflict potential with the natural environment are south of
Vangsvatnet, west of Granvinsvatnet, north of Osafjorden and around Tyrifjorden.
Loss of agricultural land will probably represent certain, but manageable conflicts with the high
speed railway. The crossing of the Holsfjorden water source could represent a more severe conflict,
especially regarding freight trains. Existing proposals for the new Ringeriksbanen, for example, do
not cross or encroach on this water source.
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Due to noise alignment 2* will affect far more inhabitants than alignments D1 and D2 (40 per cent
or more) as it passes through more densely populated areas. Alignments D1 and D2 are therefore
superior to 2*.
The table below is a summary of the GIS analyses. The analyses are summarised in chapter 2.4. For
complete numbers and more details, see attachment Environmental analysis.
Table 6-1 Summary of GIS analyse for main route 1 Hallingdal; part of routes 1a, 1b and 1c
Alignment 2* 1
Number of
objects

Alignment D1
Number of
objects

Area / length

Alignment D2
Number of
objects

Area / length

Area /
length

Landscape
12

3 523 000 m2

9

1 948 000 m2

12

2497 000
m2

0

0

0

0

0

0

101

10 m
127 km

151

111 m
99 km

113

229 m2
125 km

High value

24

35 000 m2
0,7 km

15

20 m2
0,5 km

16

35 000m2
0,6 km

Middle value

90

Only points
and lines

49

Only points
and lines

Unvalued

14

0,2 km

33

0,2 km

High value
Middle value
Unvalued

2

2

Cultural heritage

Only
92 points and
lines
28

0,2 km

Community life and outdoor recreation
Only
12 points and
lines

High value

12

Only points
and lines

29

Only points
and lines

Unvalued

708

11 138 000 m2

454

8 811 000 m2

515

12 895
000 m2

142

3 521 000 m2

70

683 000 m2

96

939 000
m2

2

7 000 m2

4

6 000 m2

2

32 000 m2

35

2 878 000 m2

31

1 769 000 m2

36

2 400 000
m2

High value

93

1 407 000 m2

92

1 152 000 m2

99

1 428 000
m2

Unvalued

5

110 000 m2

4

91 000 m2

9

195 000
m2

Natural environment
High value
Middle value
Unvalued
Natural resources

Noise
Yellow zone
Red zone
Total affected

4800 inhabitants

3550 inhabitants

3150 inhabitants

450 inhabitants

250 inhabitants

350 inhabitants

5250 inhabitants

3800 inhabitants

3500 inhabitants

1) In the summary of 2* alignment there is only alignment 2* in part 1a and 1b. For part of route 1c the alignment D2 is used.
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From the GIS analysis and the qualitative assessment every part of route has been ranked against
the 0-alternative. The 0-alternative is always ranked as the best alternative. The results from the
ranking of alignments for each theme are used as a base for the overall ranking of the main routes
for all environmental themes.
Alignment D1 has less impact on central values compared to 2* and D2 in many different themes
and is therefore ranked as the second best alternative behind the 0-alternative. Alignment D2 has
more impact than D1, but less than alignment 2* for most of the themes.
Table 6-2 Overall ranking for all environmental themes – Hallingdal route
0 alternative

Alignment 2*

Alignment D1

Alignment D2

Landscape

1

2

3

4

Cultural heritage

1

2

3

3

Community life and
outdoor recreation

1

4

2

3

Natural environment

1

4

2

3

Natural resources

1

3

2

3

Noise

1

4

3

2

Overall ranking all
environmental themes

1

4

2

3

6.5

Haukeli route: Bergen/Stavanger – Drammen

Figure 6-7 Haukeli route Bergen/Stavanger - Drammen.

6.5.1 Landscape
Part of route 2a Bergen-Røldal
The alignment will pass three landscape regions between Bergen and Røldal
The community of Bjørkheim in Samnanger is crossed by a large bridge. Many narrow valleys will
be crossed by alignment D1 and D2. The bridges at Bjørkheim Aldalen and Ljones are distinct visual
elements in the landscape. The Hardangerfjord crossing will be visible from a distance.
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South of Odda the landscape room is very narrow. The extension of the alignments will change the
landscape and create new impacts. The alignment passes the famous Låtefossen waterfall in this
area. The alignment can be seen from the road R13 along Sandvenvatnet.
D1 and D2 are close to equal in this part of route and are weighted equally.
Part of route 2b Røldal - Kongsberg
The alignment will pass four landscape regions between Røldal and Kongsberg.
The community of Røldal will be crossed by a large bridge which fragments the landscape room
and the visual experience of the community.
The day zone through Edlandd will be a distinct visual element from the surrounding areas and the
mainroad E134.
At Åmot a large bridge will cross the landscape through the community and create a visual barrier.
Many small communities between Åmot and Seljord will be affected visually by the alignment. The
alignment passes through a protected watershed between Seljordvatn and Flavatn. The agricultural
areas around Bø, Gvarv and Akkerhaugen will be affected by alignments D1 and D2. The line passes
through the area in a continous day zone and will fracture the cultural landscape.
The alignment will fracture the cultural landscape through the agricultural area of Jondalen.
Part of route 2c Kongsberg-Drammen
The alignment will pass three landscape regions between Kongsberg and Drammen.
The alignment passes areas which are relatively densely populated and highly utilized. The
infrastructure in the area is already a clear visual element. The alignment will pass areas of open
cultural landscapes along the communities of Darbu, Vestfossen and the southern parts of
Hokksund.
The alternatives are marginally different regarding interventions in the landscape. Alignment D2
contains more visual barriers.
Part of route 2d Stavanger - Haugesund
The alignments pass two different landscape regions between Stavanger and Haugesund.
In alignment D1 a bridge will cross from Ognøy over Frekasundet to the foot of Husafjellet. The
road E39 already crosses the fjord at this point. The visual barrier will still increase because of the
height of the railway bridge. Ognøy is listed as an important cultural landscape. The alignment
will partly cross the island by day zone. At Kvinnesland the alignment will cross some areas of
agricultural landscape and the foot of Kvinneslandfjellet. The alignment is not adjusted to the form
of the landscape and will create a visual barrier locally. A bridge will cross Tysværvågen and disturb
the entrance to the community of Tysvær from the fjord. The scale of the bridge is not adjusted to
the landscape room. The same situation occurs over Førlandsfjorden and Førresfjorden and the
community of Hauge.
In alignment D2 a bridge will cross from Lindøy over Røyksundvika to Kjørthammar. The smallscale landscape consisting of islands will be dominated by this bridge although it mainly follows
the general directions of the landscape. The visual barrier will be distinct from Førresfjorden. The
alignment will cross open agricultural areas at Tuastad.
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Between Tuastad and Husefjell the alignment crosses the landscape by bridge. The bridge will be a
distinct visual element in the landscape around Rabbavatnet. Depending on the height of the bridge
it might be possible to see it from Førresfjorden. Between Aksnesvatnet and Vassbrekkevatnet the
alignment will cross by bridge. The bridge will create a visual barrier locally. From Vassbrekkevatnet
the alignment will cross agricultural areas and will be visible from the industrial area at Raglamyr and
the residential area at Rossabø/Skjenarefjellet.
Alignment D1 one is ranked above D2 because D2 passes a larger number of critical points.
Part of route 2e Haugesund - Røldal
The alignments pass three different landscape regions between Haugesund and Røldal.
In alignment D1 a long bridge will cross an area of moors and small hills between Vigdarvatnet and
Husavatnet. Another dominating bridge will cross the landscape of Giljehaugen. The bridge will also
cross the road E39.
At Børkjeland/Lundagard the alignment crosses by bridge. This will split the agricultural area and
be a visual barrier locally and from the surrounding open areas towards the main road E134. The
continuous cultural landscape of Ølensvåg will be split through most of the area. The flat landscape
decreases the effect of the visual barrier.
The community of Sauda will be affected by the alignment both by bridges and day zones. The
bridge will be a dominating element both from the community and the fjord.
In alignment D2 a long bridge will cross the Kallandsvatnet Lake. The bridge will be a clear and
dominating visual element both from the built areas around and from the lake itself.
Two bridges will cross areas of moors and small hills between Kjersfjell and Fullsåsane. Depending
on the height of the bridges they may form new visual barriers in the landscape, especially from
Lake Stakkastadvatnet. Another dominating bridge will cross the landscape at Giljehaugen. The
bridge will also cross the road E39.
On the east side of the road E134 the alignment passes Børkjeland/Lundagard by bridge. This will
split the agricultural area and be a visual barrier locally and also from the surrounding open areas
towards the main road E134. The continuous cultural landscape of Ølensvåg will be split in half
through most of the area because of the day zone. The community of Sauda will be affected by the
alignment both by bridge and day zones. The bridge over Åbødalen is the most critical.
The alternatives are marginally different regarding interventions in the landscape. The D2 alternative
is slightly better adjusted to the landscape.

6.5.2 Cultural heritage
Part of route: 2a Bergen – Røldal
Around the railway station in Bergen there is a large area of automatically protected middle age
town sites and protected ancient buildings made of wood. An expansion of the railway station might
be in conflict with these cultural values. Special attention should be paid when passing Samnanger
which contains traditional farmhouses and cultural landscapes. All in all there are few conflicts
between the alignment and cultural heritage sites along this part of route.
Alignment D1 and D2 are ranked equally.
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Part of route: 2b Røldal – Kongsberg
A part of Nordmannsslepene, an automatically protected cultural heritage site in the county of Vinje,
is affected by both alignments D1 and D2. This is one of several ancient road/path systems crossing
Hardangervidda. Special attention should be paid when passing Røldal and Haukeligrend which
contain traditional summer farmhouses in a cultural landscape. Bøgrend, the area around Åmot and
Sauherad has clusters of both ancient buildings and automatically protected heritage sites. All in all
there are few conflicts between the alignment and cultural heritage sites along this part of route.
Alignment D1 and D2 are ranked equally.
Part of route: 2c Kongsberg – Drammen
In this densely populated area there is a high frequency of automatically protected cultural heritage
sites, which indicate that this has been an attractive area over a long period of time. It is therefore
likely that the area will contain a number of previously undiscovered sites. Due to the potential of
such finds, the regional cultural heritage administration will almost certainly require a thorough
investigation of all potential finds in conjunction with the railway project. Further studies must be
conducted to assess which areas require further study. There is one protected along D2 site at
Smedsbrua/Fiskum, in the county of Øvre Eiker.
The alternatives differ marginally. Alignment D1 is ranked above D2 because the latter affects a
protected cultural heritage site.
Part of route: 2d Stavanger – Haugesund
The long tunnels lead to few hits along this part of route. Ognøya, an island protected as a cultural
landscape site, will be affected. Attention must also be paid to the bridge spans. It is highly likely
that these areas will contain a significant number of as yet undiscovered cultural heritage sites,
especially up to 25 m above sea level. The regional cultural heritage administration will almost
certainly require a thorough investigation of all potential finds in conjunction with the railway project.
Further studies must be conducted to assess which areas require further study.
The alternatives differ marginally. Alignment D2 is ranked above D1 because the latter affects a
protected cultural landscape site.
Part of route: 2e Haugesund – Røldal
There are few hits along this part of route. Nevertheless the alignment is close to areas with
traditional coastal settlements. Special attention should be paid to Skjold, Kaldem by Litledalsvatnet
and Sauda.
Alignment D1 and D2 are ranked equally.

6.5.3 Community life and outdoor recreation
Part of route: 2a Bergen – Røldal
Alignments D1and D2 pass the communities of Bjørkheim (Samnanger), Odda (Sandven and
Tokheim), Låtefossen and Skare. The Hardangerfjord crossing between Ljones and Belsnes
will have an impact on the surroundings and the new bridge will be seen from many local peaks
and from the fjord. The day zone crossing Buerdalen will be visible from the hiking paths to the
Folgefonna/Buerbreen glacier. Both alignments pass through Sandvedalen where the famous
Låtefossen waterfall is a popular tourist attraction. The alignments affect equally community life and
outdoor recreation.
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Part of route 2b Røldal - Kongsberg
Alignment D1 and D2 affect Røldal centrum in the form of a bridge crossing that will change the
experience of the area. Røldal has both cultural and natural values which are important elements in
the recreational value of the area. Around Vågslid the railway will cross several marked hiking paths
and the railway will be visible from many cabins and cottages in the area. In Edland the alignments
will pass close to the hiking path between Edland and Arabygdi. The north side of Lakes Tveitevatn
and Grungevatn will have long stretches of day zone which will change the character of these areas
and the small communities along the lakes. The protected recreational area of Telnesøy will be
exposed to the alignments between Nystaul and Meinstad. Along Bøelva, through the communities
of Bø, Sauherad and Hjuksebø, the alignments pass continuous cultural landscapes. The
experience of these areas will change as a result of the new high speed railway. At Helland, close to
Sisjord in Bø, the alignments will cross a marked hiking path. Through Notodden the alignments will
affect a densely populated area. In Midtskogen the alignments will cross a system of hiking paths.
The alignments cross the river Lågen north of Kongsberg. This can affect the character of the area
from Kongsberg centrum. The alignments are marginally different, but alignment D2 has a greater
impact as a result of a larger number of day zones.
Part of route 2c Kongsberg – Drammen
The route mainly passes through cultivated areas with relatively dense population. Local
environments and communities at Fiskum, Vestfossen, Hokksund, Mjøndalen and Gulskogen/
Drammen will be affected by the new line. There is a recreational area which is important locally, but
there are no registered values which are affected by the lines.
Part of route 2d Stavanger – Haugesund
Generally this line has most impact on the local areas south of Haugesund. The remaining part of
the route is designed through tunnels. The Austerøy protected nature and recreational preserve can
be visually affected by alignment D1 and the bridge crossing at Frekasundet. The bridge might be
seen from the islands eastern end. Alignment D1 also crosses Ognøy which has both cultural and
landscape values which are important for the character of the area. Alignment D2 crosses Lindøya,
a protected recreational area, both through day zone and bridge over Røyksund. This constitutes
a major change to the area and affects the character of Lindøya. Towards Haugesund centrum
the alignment passes many local communities that will be clearly affected. Alignment D2 has the
greatest impact on recreational values along this part of the route.
Part of route 2e Haugesund - Røldal
The local communities north of Haugesund will be affected by alignment D2. From Saltveit to
Vigdarvatnet alignment D1 has the greatest impact. On the south eastern bank of Vigdarvatnet
alignment D2 goes through the Bråtaskogfjellet protected recreational area. Both alignments cross
a marked hiking path at Fullsåsane. The local areas around the community of Skjold will be affected
by long day zones. No registered values are crossed, but the alignments will have an impact on
the local environment. From Eikeland, through Ølensvåg and past Ølen, the alignments will be
clear elements in the local community. Most of the alignment lies behind the builtup areas, but will
still change the character of the area. Sauda will be affected locally. The northern hillsides of the
community will change visually and the alignments will cross paths, but these are not marked as
official hiking paths. Both alignments are close to the public recreational area of Litlebotnen.
The alignments are very similar, but alignment D2 has greater impact through its day zones.
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6.5.4 Natural environment
Part of route: 2a Bergen – Røldal
Alignment D2 cuts through an important humid ravine and rock face close to Trengereid. North of
Strandebarm D2 touches a very important area with rich deciduous forest and west of Sandvevatnet
D2 crosses an important area for rich deciduous forest as D1 crosses on a bridge.
A short day zone, mainly on bridges, occurs in the Frølandselvi protected water shed for both
alignments. They also have several day zones, mainly on bridges, through the Opo med Låtefoss
protected watershed.
D2 generally affects more objects and has a larger potentially conflicting area than D1. Additionally,
D2 touches the more important nature types, and therefore D1 is ranked ahead of D2.
Part of route: 2b Røldal – Kongsberg
Both D1 and D2 cross a reindeer towpath east of Røldal, mostly on a bridge. Around Vågsli both
lines have day zones through a border reindeer habitat.
Both alignments pass through a protected water shed area between Seljordvatn and Flåvatn in
several day zones, where D2 is the most frequent. The number of bodies of water crossed by
bridges is not calculated.
In forested areas around Notodden, many small forest environment areas are registered
(Miljøregistreringer i Skog) that can conflict with the day zone parts of the railway.
Alignment D2 is ranked after D1 because D2 is considered to have a slightly higher conflict
potential, according to the size and importance of the areas affected.
Part of route: 2c Kongsberg – Drammen
On this short distance, D2 affects the same amount of area as D1, and they are therefore ranked
equally.
Part of route: 2d Stavanger – Haugesund
D1 affects very important coastal heath land at Ognøya and crosses the Haugevassdraget
protected water shed.
D2 affects a protected botanic spot (naturminne) in Olavskleiva 22 in Stavanger.
D1 crosses the Haugevassdraget protected water shed. The number of bodies of water crossed by
bridges is not calculated.
Even if D2 might conflict with a protected spot, the overall impression is that D1 affects more and
larger potentially conflicting areas than D2. It could also be easier to adjust to one single spot than
to larger areas. D2 is therefore ranked ahead of D1.
Part of route: 2e Haugesund – Røldal
Both alignment D1 and D2 affect very important coastal heath land north east of Haugesund.
D2 crosses a very important area of harvest forest (høstingsskog) close to Sauda.
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Both alignment D1 and D2 have a day zone in the area of the Etnevassdraget protected water shed.
The number of bodies of water crossed by bridges is not calculated. Both alignments cross the
Åbødalsvassdraget protected water shed by bridge.
D2 affects a larger potentially conflicting area and also crosses an important nature type which D1
does not. D1 is therefore ranked ahead of D2.

6.5.5 Natural resources
Part of route: 2a Bergen – Røldal
The alignments frequently cross agricultural land on bridges along this part of the route, reducing
the conflict area.
Yet based on the numbers, alignment D2 affects more potentially conflicting objects both in area
and in number, and is therefore ranked after D1.
Part of route: 2b Røldal – Kongsberg
Both alignment D1 and D2 affect large areas of agricultural land between Bø and Notodden.
Alignment D2 affects more potentially conflicting objects both in area and in number, and is
therefore ranked after D1.
Part of route: 2c Kongsberg – Drammen
Both alignment D1 and D2 affect large areas of agricultural land around Hokksund and further on to
Drammen. The alignments also cross a very important area of sand and gravel west of Drammen.
Alignment D1 and D2 have marginal differences, and are therefore ranked equally.
Part of route: 2d Stavanger – Haugesund
Alignment D2 affects a larger conflicting area, but fewer objects than D1 and the alternatives are
therefore ranked equally.
Part of route: 2e Haugesund – Røldal
In total alignment D2 affects more potentially conflicting objects both in area and in number, and is
therefore ranked after D1.

6.5.6 Noise
2a Bergen – Røldal
This part of the route has roughly the same noise impact on inhabitants for all the alignments;
however alignment D1 affects the fewest. The required noise barrier lengths for D1 and D2 are 2.1
km and 2.4 km (approximately 14 per cent and 10 per cent of the section is day zone).
2b Røldal – Kongsberg
This part of the route has roughly the same noise impact on inhabitants for all the alignments;
however alignment D1 affects the fewest. The required noise barrier lengths for D1 and D2 are 2.2
km and 2.4 km (approximately 3 per cent and 2 per cent of the section is day zone).
2c Kongsberg – Drammen
This part of the route has roughly the same noise impact on inhabitants for all the alignments. The
required noise barrier lengths for D1 and D2 are 5.7 km and 5.9 km (approximately 20 per cent and
18 per cent of the section is day zone).
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2d Stavanger – Haugesund
The end station is in Stavanger and this area will affect many inhabitants.The required noise barrier
length for D1 is only 0.6 km (approximately 5 per cent of the section is day zone). The required noise
barrier length for D2 is 0.6 km (approximately 7 per cent of the section is day zone).
2e Haugesund – Røldal
This part of the route has roughly the same noise impact on inhabitants for all the alignments. The
required noise barrier lengths for D1 and D2 are 2.3 km and 2.5 km (approximately 7 per cent of the
section is day zone).

6.5.7 Summary for all environmental themes – Haukeli
Very long sections of the Haukeli route pass through sparsely populated areas, although the
alignments can follow valleys on part of the routes. There are very long tunnels along this route,
both under water and through mountains. Haukelifjell and Folgefonna are the largest mountain areas
that are passed and Boknafjord north of Stavanger is passed with a very long tunnel.
The Haukeli route passes the Hardangerfjord in the shape of a bridge between Ljones and Belsnes.
This will be a distinct visual element in the landscape. Between Odda and Skare the railway line
goes through the narrow valley of Sandvendalen. The cultural landscape along the river and the
famous Låtefoss waterfall will be visually affected. The route passes Røldal over a high and long
bridge which has a scale that does not harmonise with the landscape. Åmot will be visually affected
by a large bridge. Through Morgedal one must pay attention to the cultural landscape values of
the area and adjust the line accordingly. Between Bø and Notodden the route passes continuous
cultural landscapes and results in fragmentation and visual barriers.
Cultural heritage sites are mostly counted as spots. It should therefore be possible to adjust the
alignment to avoid conflicts. Valuable culture landscapes are not counted in the GIS analysis. The
next step should therefore be to interconnect valuable (cultural) landscapes, ancient buildings and
cultural heritage sites. Along the Haukeli main route there are several landscapes that can fulfill
these criteria. Some of these are highlighted in this report, although they require further analysis
in the future. Most of this main route is a completely new line passing mountain areas as well as
coastal areas. Crossings of traditional coastal settlements can have a negative impact. The new
alignment can also be in conflict with traditional farming settlements in cultural landscapes and
might also be a threat to automatically protected cultural heritage only recently discovered. Due
to the potential of such finds, the regional cultural heritage administration will require thourogh
investigation of potential sites in conjunction with the railway project. Further studies will be required
to asses which sites will require additional study. Some of the areas with potential conflicts include
city of Bergen, around Samnanger, the Hardangerfjord crossing of, the valley south of Odda and
Røldal. East of the mountains there are areas around Haukeligrend and east of Vinjevatn. In the
eastern area there are quite a lot of areas with a lot of automatically protected cultural heritage, for
example around Bø and Sauherad.
The impact on recreational values along this main route is most apparent in Røldal, Vågslid,
Haukeligrend/Edland and Bø – Notodden. These areas are nationally important and must be taken
into consideration when adjusting the alignments. Attention must be paid to recreational values
in protected areas at Lindøya/Røyksund south of Haugesund, south of Vigdarvatnet and through
Skjold and Sauda.
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Protected areas are naturally in conflict with a high speed railway. Very important nature types and
reindeer habitats also represent important potential conflicts. Along this main route, affected areas
are either smaller areas, border line areas or they are affected by only one alternative. It therefore
seems likely that a route can be found that passes mostly outside these areas. Even if the railway
still touches some of the areas, it maybe acceptable that a certain number of conflicting areas could
be sacrificed or compensated for, for the sake of a high speed railway. The Folgefonna national park
of is passed in a long tunnel from Hardangerfjord to Odda. In Røldal there is an area of heightened
conflict potential but the alignments do not pass any of the national parks around Haukeli. There are
a couple of potential conflict areas around Haugesund and Sauda.
Loss of agricultural land will probably represent certain, but manageable conflicts with the high
speed railway.
There is a very little difference between alignment D1 and D2 in terms of noise.
For the Haukeli route the summary of the GIS analyses is divided into two parts, one for the Bergen
– Drammen route (part of routes 2a, 2b and 2c) and one for the connection to Stavanger (part
of routes 2d and 2e). The Haukeli route has two different alternative standards: D1 and D2. The
analyses are summarised in chapter 2.4. For complete numbers and more details, see attachment
Environmental analysis
Table 6-3 Summary of GIS analyse for main route 2 Haukeli; part of routes
2a, 2b and 2c (Bergen – Drammen)
Alignment D1
Number of
objects

Alignment D2
Number of
objects

Area / length

Area / length

Landscape
High value

3

585 000 m2

3

942 000 m2

Middle value

0

0

0

0

148

70 m
138 km

148

70 m2
164 km

5

0,1 km

6

0,1 km

Middle value

67

Only points and
lines

77

Only points and
lines

Unvalued

20

0,07 km

19

0,07 km

Unvalued

2

Cultural heritage
High value

Community life and outdoor recreation
High value
Unvalued

5

Only points and
lines

12

218 000 m2

587

12 170 000 m2

654

14 668 000 m2

22

142 000 m2

Natural environment
High value

34

162 000 m2

2

2

6 000 m2

3

41 000 m2

Middle value

3

8 000 m

Unvalued

4

52 000 m2
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Natural resources
High value

111

1 845 000 m2

122

2 060 000 m2

5

120 000 m2

6

111 000 m2

Unvalued
Noise
Yellow zone

3600 inhabitants

Red zone
Total affected

3750 inhabitants

250 inhabitants

350 inhabitants

3850 inhabitants

4100 inhabitants

Table 6-4 Summary of GIS analyse for main route 2 Haukeli; part of routes 2d and 2e (Stavanger – Røldal)
Alignment D1
Number of
objects

Alignment D2
Number of
objects

Area / length

Area / length

Landscape
High value

5

352 000 m2

3

  250 000 m2

Middle value

0

0

0

0

61

130 m
46 km

64

100 m2
60 km

High value

8

23 000 m2
0,4 km

4

0,4 km

Middle value

8

Only points
and lines

36

Only points and
lines

Unvalued

6

0,2 km

8

0,1 km

Unvalued

2

Cultural heritage

Community life and outdoor recreation
7

167 000 m2

2

238

5 504 000 m2

13

102 000 m2

12

85 000 m2

5

140 000 m

2

3

20 000 m2

11

370 000 m2

5

215 000 m2

High value

62

587 000 m2

63

711 000 m2

Unvalued

3

100 000 m2

3

65 000 m2

High value
Unvalued

3
221

55 000 m2
4 331 000 m

Natural environment
High value
Middle value
Unvalued
Natural resources

Noise
Yellow zone
Red zone
Total affected

1300 inhabitants

1800 inhabitants

150 inhabitants

150 inhabitants

1450 inhabitants

1950 inhabitants

From the GIS analysis and the qualitative assessment every part of route has been ranked against
the 0-alternative. The 0-alternative is always ranked as the best alternative. The results from ranking
of the alignments for each theme are used as a base for the overall ranking of the main routes for all
environmental themes.
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Alignments D1 and D2 are, on most parts of the route, very close to each other. For most of the
themes there are only small differences between the alignments, as they are designed in this phase.
Since D1 has more tunnels it can avoid impacts on some values and is ranked ahead of D2.
Table 6-5 Overall ranking for all environmental themes – Haukeli route
0 alternative

Alignment D1

Alignment D2

Landscape

1

2

3

Cultural heritage

1

2

2

Community life and outdoor
recreation

1

2

3

Natural environment

1

2

3

Natural resources

1

2

3

Noise

1

2

3

Overall ranking all
environmental themes

1

2

3

6.6

Numedal route: Geilo – Kongsberg

Figure 6-8 Numedal route Geilo - Kongsberg.

To make it possible to compare the route via Numedal with the other alternative connections Bergen –
Oslo the ranking includes the connecting part of routes 1a Bergen – Geilo (D1 and D2) and 2c Kongsberg
– Drammen (D1 and D2).

6.6.1 Landscape
The alignments pass four different landscape regions between Geilo and Kongsberg.
A large bridge south of Geilo creates a new and distinct visual element to be seen from the community
of Geilo. Bridges crossing the Skurdalsfjorden /Holmevatnet in both alternatives will be visual elements
which will be seen from the surrounding areas of the lakes.
Alignment D2 passes through the Dagali protected watershed and crosses Numedalslågen via a high
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bridge at Dagalibrue. Alignment D1 passes the continuous agricultural area on the southern side of the
community of Uvdal.
Both alignments pass Veggli by day zone. The alignments partly cross active agricultural areas.
Alignment D1 has a shorter day zone than alignment D2. Both alternatives pass on the west side of
the community of Rollag. The alignment will be a new visual element seen from the community. The
alignments pass the Sørkjeåi protected watershed in day zone and a bridge south of Rollag.
By Gjuvenes and Stengelsrud just north of Kongsberg the alignments pass important river deltas via
bridge.
The alternatives are marginally different regarding interventions in the landscape. The D2 alternative has
slightly more day zone and therefore also more bridges and embankments that create visual barriers.

6.6.2 Cultural heritage
Along both alignments D1 and D2 there are clusters of automatically protected cultural heritage
sites. Although quite a few such sites will be affected, the high frequency suggests a number of
previously undiscovered sites. These will need to be investigated as part of the railway project.
Alignment D1 will cross Nordmannsslepene, an ancient road/path system crossing Hardangervidda
twice in the county of Rollag. D2 will cross Nordmannslepene once in the county of Rollag. Further
south, when the alignments follow the fjord-systems, it will affect Numedalsbanen several times, an
ancient railway line that has an on-going protection case.
Alignments D1 and D2 are ranked equal.

6.6.3 Community life and outdoor recreation
The alignments cross Skurdalsfjorden. Alignment D2 has more day zone and lies close to a marked
hiking path at the north eastern side of Skurdalsfjorden. The D2 alignment crosses a marked hiking
path over Frygnevatnet to Dusehesten tourist cabin. The dominating day zones have an impact on
local communities in Dagali, Smådøldalen and Rødberg. In Veggli the alignment passes straight
through the community and also close to the church. This will change the character of the area
significantly. Alignment D1 goes past Uvdal alpine centre in a day zone. This will affect the area and
change the character of the landscape and the sports area. Both alignments pass Rollag, which has
important visual values linked to recreation. At Flesberg and Kongsberg (north) both alignments will
have an impact on local recreational values.
Alignment D1 has less day zone and thus less conflict with the recreational values in this part of the
route.

6.6.4 Natural environment
Both alignment D1 and D2 touch a very important area within the deciduous forest west of
Frygnefjorden.
This is the only part of the route which is affects registered river deltas that are moderately or lightly
influenced. Both alignments cross the border lines of Gjuva river delta (little influence) on bridges,
which will reduce the conflict potential. D2 will touch Jondalselva river delta (moderate influence) as
D1 crosses on a brigde. D1 will touch the border area of Uvdalselvi river delta (moderate influence).
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D2 touches the border lines of the only two wilderness-like areas (INON) directly affected in this
study.
D2 crosses the Dagali protected water shed. Further south both alignments cross a narrow
corner of Sørkjeåi protected water shed. The number of bodies of water crossed by bridges is not
calculated.
Alignment D2 is affects a larger number of objects and potential conflict areas than D1. Additionally
D2 affects wilderness-like areas (INON). D2 is there for ranked after D1.

6.6.5 Natural resources
Alignment D1 affects a very important area of sand and gravel in Uvdal.
Alignment D1 affects a large area of potentially conflicting areas and a very important area of sand and
gravel and is therefore ranked after D2.

6.6.6 Noise
This part of the route has roughly the same noise impact on inhabitants for all the alignments; however
alignment D1 affects the fewest. The required noise barrier lengths for D1 and D2 are 0.5 km and 0.4 km
(less than 1 per cent of the section is day zone).

6.6.7 Summary for all environmental themes – Numedal
The valley of Numedal is sparsely populated which means few conflicts with inhabitants, but also that
there are quite high values in the landscape since it is not particularly affected by infrastructure and other
exploits.
Both alignments cross Skurdalsfjorden by bridge. This will have a distinct change on the visual
impression of the mountain landscape in the area. Alignment D1 has a bridge that will cross Uvdalselva
in the southern parts of the district and become a clear visual barrier in the valley. The community of
Nore is passed by a large scale bridge in the hillside above the village centre. This will have a clear visual
impact. Through Rollag both alignments pass cultural landscapes. This area needs further attention
through the next phases of the project. . Alignment D2 has a marginally better adjustment to the
landscape along the route.
Cultural heritage sites are mostly counted as spots. It should therefore be possible to adjust the
alignment to avoid conflicts. Valuable culture landscapes are not counted in the GIS analysis. The next
step should therefore be to interconnect valuable (cultural) landscapes, ancient buildings and cultural
heritage sites. Along the Numedal main route there are several landscapes that can fill these criteria.
Some of these are highlighted in this report, although they require further analysis in the future. The
Numedal main route mostly follows an existing railway, Numedalsbanen. Numedalsbanen has an ongoing protection case and is crossed several times. The settlement in the area is already clustered along
the existing alignment and the stations. In general this makes the cultural heritage along the alignment
less vulnerable to a new alignment. In new areas there might be a potential to find automatically
protected cultural heritage as yet undiscovered. These sites will need to be investigated more thoroughly
as part of the railay project.
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Figure 6-9 Veggli station at Numedalsbanen, where the nature is
slowly taking the land back.

Figure 6-10 Uvdal in the northern part of Numedal.

Numedal is known for its variety in both cultural and outdoor activities. The valleys attractions are mostly
based on nature values such as good skiing conditions, large areas of unspoiled nature and a rich
cultural history which can be read through intact cultural landscapes. The high speed railway will have
an impact on these aspects, but can also genreate more activities and visitors to the area. The most
important areas for the recreational values are the northern parts of the alignment from Geilo to Uvdal
(D1) and Dagali (D2), Veggli, Rollag and Flesberg. D2 has slightly more impact than D1.
Protected areas are naturally in conflict with a high speed railway. Very important nature types and
wildlife habitats also represent important potential conflicts. Even if alignments D1 and D2 mainly pass
reindeer habitats in tunnels, the day zones in the border lines might affect important reindeer towpaths.
Except for the reindeer habitats along this main route, the potential conflict areas are mainly smaller
areas and they are often affected by only one alternative. This main route is the only route directly
entering wilderness-areas and touching important river deltas. Nevertheless, it seems likely that quite
small adjustments are needed to reduce the number of potential conflicts. Even if the railway still
touches some of these areas, it is possible that a certain amount of these areas could be sacrificed or
compensated for, for the sake of a high speed railway. Along the river there are some river deltas with
higher values.
Loss of agricultural land will probably represent certain, but manageable conflicts to the high speed
railway. Alignments D1 and D2 are very similar in this route with regards to noise.
The summary of the GIS analyses of Numedal includes part of routes 1a Bergen – Geilo and 2c
Kongsberg – Drammen to make a complete route Bergen – Oslo. The analyses are summarised in
chapter 2.4. For complete numbers and more details, see attachment Environmental analysis.
The Numedal route has two different alternative standards of the railway; D1 and D2. The Numedal route
has the best conditions for a railway in day light since it can follow the valley in a good way. The valley
has quite smooth sides and the elevation of the overall terrain suites the demands of the railway.
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Table 6-6 Summary of GIS analyse for main route 3 Numedal; part of routes 1a, 3 and 2c
Alignment D1
Number of
objects

Alignment D2
Number of
objects

Area / length

Area / length

Landscape
High value

4

474 000 m2

5

1 183 000 m2

Middle value

0

0

2

123 000 m2

126

181 m
102 km

121

300 m2
120 km

High value

11

2 km

8

1,6 km

Middle value

62

Only points and
lines

72

Only points and
lines

Unvalued

36

0,2 km

31

0,3 km

9

Only points and
lines

6

Only points and
lines

504

8 595 000m2

447

9 516 000 m2

29

654 000 m2

43

947 000 m2

4

33 000 m2

Unvalued

2

Cultural heritage

Community life and outdoor recreation
High value
Unvalued
Natural environment
High value
Middle value
Unvalued

3

56 000 m2

25

1 181 000 m

2

28

1 368 000 m2

113

1 544 000 m2

119

1 409 000 m2

9

289 000 m2

Natural resources
High value
Unvalued

9

299 000 m

2

Noise
Yellow zone
Red zone
Total affected

3000 inhabitants

3100 inhabitants

200 inhabitants

250 inhabitants

3200 inhabitants

3350 inhabitants

From the GIS analysis and the qualitative assessment every part of route has been ranked against
the 0-alternative. The 0-alternative is always ranked as the best alternative. The results from the
ranking of the alignments for each theme are used as a base for the overall ranking of the main
routes for all environmental themes.
In the northern part of the route D1 and D2 have different locations, but on most of the route the two
alignments are more or less the same. D1 has a larger proportion of tunnels than D2. For most of the
themes alignment D1 has less impact than D2. D2 is ranked as the alternative with most conflicts.
Table 6-7 Overall ranking for all environmental themes – Numedal route
0-alternative

Alignment D1

Alignment D2

Landscape

1

2

3

Cultural heritage

1

2

2

Community life and outdoor
recreation

1

2

3

Natural environment

1

2

3

Natural resources

1

3

2

Noise

1

2

3

Overall ranking all
environmental themes

1

2

3
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6.7

Coastal route: Bergen - Stavanger

Figure 6-11 Coastal route Bergen - Stavanger.

6.7.1 Landscape
Part of route 4a Bergen-Haugesund
The alignment will pass two different landscape regions between Bergen and Haugesund.
Along Sørfjorden the alignment differs between tunnel and day zone. The alignment is situated
higher than the remaining infrastructure and will be a distinct intervention from the fjord. By
Langeland on the west side of Totlandsfjellet a bridge will cross a narrow valley.
A high bridge will cross the valley at Frøland and the river Frølandselva and create a distinct visual barrier
in the valley. The alignment follows the Hålandsdalen valley. The valley is narrow and steep and the
construction of the line does not harmonize with the scale of the valley and its existing elements.
Over the mouth of Lakksundet a large bridge will create a significant visual barrier from the
seaside. The crossing of the fjord can be seen from some distance, both from residential areas and
infrastructure in the area. The Langenuen fjord is crossed by bridge in the south. Onarheimselva will
be crossed by bridge. The bridge can be seen from the community of Onarheim and the church of
Onarheim. In Stord a protected area, Sjoalemyra nature preserve, is touched by the alignment on
the eastern parts.
Cross the community Førde the alignment will pass by bridge. The visual barrier can be seen both
from the entrance of the area by sea and from the community itself. The bridge lies partly in parallel
to the E39 past Førde.
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From Våga the alignment will take the form of a bridge crossing the Mækjelandsvika area. The
bridge will cause a clear visual split of the small scale landscape room of the community.
A bridge will cross a small landscape room over the very southern part of Lake Vigdarvatnet. The
bridge will be a new and distinct element in the landscape. Vigdarvatnet will also be crossed by
another bridge further north. This bridge will be a more distinct visual barrier as it crosses the
eastern bay of the lake.
A bridge will cross from Dyrstjørn over Lake Kallandsvatnet to Holmalidvatnet and create a new
visual element in the surroundings.
The alignment mainly follows the main shape of the landscape both on the ground and in the
areas that demand bridges. The scale of the alignment is partly intrusive, but in many cases also
adaptable to the landscape of the region.
Part of route 4b Haugesund-Stavanger
The alignment will pass two different landscape regions between Haugesund and Stavanger.
In alignment D1 a bridge will cross Tysværvågen and disturb the entrance to the community of
Tysvær from the fjord. The scale of the bridge is not adjusted to the landscape. The same situation
occurs over Førlandsfjorden and Førresfjorden and the community of Hauge.
At Kvinnesland the alignment will cross some areas of agricultural land and the foot of
Kvinneslandfjellet. The line is not adjusted to the form of the landscape and will create a visual
barrier locally.
A bridge will cross from Ognøy over Frekasundet to the foot of Husafjellet. The road E39 already
crosses the fjord at this point. The visual barrier will still increase because of the height of the
railway bridge. Ognøy is listed as an important cultural landscape. The aligment will partly cross the
island by day zone.
Alignment D2 crosses agricultural areas at Vassbrekkevatnet and can be seen from the industrial
area at Raglamyr and the residential area at Rossabø/Skjenarefjellet. Between Vassbrekkevatnet
and Aksnesvatnet the alignment will cross by bridge. The bridge will create a visual barrier locally.
Between Husefjell and Tuastad the alignment crosses the landscape by a bridge. The alignment will
cross open agricultural land at Tuastad. The bridge will be a distinct visual element in the landscape
room around Rabbavatnet. Depending on the height of the bridge, it will be seen from Førresfjorden.
A bridge will cross from Lindøy over Røyksundvika to Kjørthammar. The small-scale landscape
consisting of islands will be dominated by this bridge although it mainly follows the general
directions of the landscape. The visual barrier will be distinct from Førresfjorden.
Alignment D1 one is ranked ahead of D2 because D2 passes a larger number of critical points.

6.7.2 Cultural heritage
Part of route: 4a Bergen – Haugesund
Around the railway station in Bergen there is a large area of automatically protected middle age
town site and protected ancient buildings made of wood. An expansion of the railway station might
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conflict with these cultural values. Although there are a few direct hits, the alignment will cross small
bays with traditional coastal settlements. Special attention should be drawn to Onarheim, between
Ådlandsvatnet and Storavatnet, Førde, Våge, Kalvåg and Viksfjorden. There is potential for finding
previously undiscovered sites in all areas lower than 25 m above sea level.
Part of route: 4b Haugesund – Stavanger
The long tunnels lead to few hits along this part of route. Ognøya, an island protected as a cultural
landscape site, will be affected. Attention should also be paid to the bridge spans. These is
significant potential for finding previously undiscovered sites that will require protection, especially
up to 25 meters above sea level. Any such sites will require careful investigation as part of the
railway project.

6.7.3 Community life and outdoor recreation
Part of route: 4a Bergen – Haugesund
This part of route has only one alignment, D2. The alignment will pass many small communities with
less than 200 inhabitants. This means that the GIS analysis counts them out. Nevertheless there
are recreational values which must be addressed. From Storhamn by Mundheim, the alignment
changes between day zone and bridge along the coastline. The line will cross local paths and will be
visible from the sea. Along Lygrespollen the alignment will pass behind the bay and can create new
visual elements seen from the basin of Lygrespollen. From Hamarhaug to Jektavik the line crosses
two narrow straits Lukksundet and Langenuen. These crossings will change the experience of the
landscape form the sea and can affect recreational values. North of the densely populated area of
Stord the alignment passes a system of marked hiking paths. None of these will be crossed, but the
line might affect the recreational areas. Lake Odlandsvatnet lies close to the alignment. The lake is a
protected recreational site. From Førde and to Haugesund (north) the alignment is designed as day
zone and bridges. This will affect many local communities along the track. A protected recreational
area on the west side of Vigdarvatnet is crossed by a bridge at the very southern part of the area.
Lake Kallandsvatnet is crossed by a large bridge which will change the character of the area.
Part of route: 4b Haugesund – Stavanger
From Raglamyr to Tuastad the alignment is designed as day zone and some of it as bridges. The
area is densely populated and local recreational values will be affected. No marked hiking paths
are crossed in this area, but there are nevertheless some locally important areas. At Røyksund the
alignment crosses the strait over to Lindøya which is a protected recreational area. The alignment
splits the island and changes the character of the landscape and recreational values.

6.7.4 Natural environment
Part of route: 4a Bergen – Haugesund
The 25 m buffer zone around alignment D2 touches a corner of Mundheim deciduous forest reserve.
Further south the alignment touches the border line of a bog reserve.
D2 touches a very important area with poor old deciduous forest and a very important area with rich
deciduous forest on Tysnes. Around Mundheim, D2 touches an important area of rich deciduous
forest and an important area with harvesting forest (høstingsskog).
The alignment crosses a very important area for black-throated diver (Gavia arctica) west of
Ålfjorden.
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The alignment also enters the protected Frølandselvi water shed. The number of bodies of water
crossed by bridges has not been calculated.
Part of route: 4b Haugesund - Stavanger
Alignment D2 affects a protected botanic spot (naturminne) in Olavskleiva 22 in Stavanger.

6.7.5 Natural resources
Part of route: 4a Bergen – Haugesund
Alignment D2 does not affect any area with particularly high conflict potential on this part of the
route.
Part of route: 4b Haugesund – Stavanger
Alignment D2 does not affect any area with particularly high conflict potential on this part of the
route.

6.7.6 Noise
4a Bergen – Haugesund
One of the end stations is in Bergen and this area will affect many inhabitants. The required noise
barrier length for D2 is 2.2 km (approximately 3per cent of the section is day zone).
4b Haugesund – Stavanger
One of the end stations is in Stavanger and this area will affect many inhabitants. The required noise
barrier length for D2 is 0.6 km (approximately 7 per cent of the section is day zone).

6.7.7 Summary for all environmental themes – Coastal route
The coastal area is more densely populated than the mountain areas, especially around the cities of
Bergen, Haugesund and Stavanger. The alignment is designed in tunnels around the cities so many
conflicts can be avoided. The coastal area has a generally high concentration of cultural heritage
sites along the coast line. Due to the terrain and passages of fjords a large part of the route is
planned as tunnels. The longest tunnel is the one under Boknafjord north of Stavanger.
The route has a clear visual impact on the community of Samnanger. From Lokksundet to
Skjeljaviksundet, the alignment has a major impact on the shore line, as a result of bridge crossings
and by interupting many small communities. From Førresfjorden the bridge through the area will
be seen from the fjord depending on the height of the bridge. Through Våge, the southern part of
Vigdarvatnet and Saltveit the alignment fractures the landscape and creates visual barriers.
Cultural heritage sites are mostly counted as spots. It should therefore be possible to adjust the
alignment to avoid conflict. Valuable cultural landscapes are not counted in the GIS analysis. The
next step should therefore be to interconnect valuable (cultural) landscapes, ancient buildings
and cultural heritage sites. Along the coastal route there are several landscapes that can fulfill
these criteria. Some of these are highlighted in this report, although they should be analysed
further in the future. This main route is a completely new line passing through coastal areas with
traditional coastal farming settlements. These are vulnerable and will probably be in conflict with
a modern technical element such as a high speed railway. New land take might also be a threat
to automatically protected cultural heritage sites as yet undiscovered. Any such sites will need to
be carefully investigated as part of the railway project. Similar studies conducted in the past have
shown that in areas up to 25 m above sea level there is a high probability of finding stone age
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settlements. Some areas to note include Samnanger, Onarheim, Stord, around Haugesund and the
island of Ognøya.
Community life and outdoor recreation values along this part of route will be reduced through many
small communities. Many of them have less than 200 inhabitants and will therefore not be counted
in the GIS analysis. Areas to take special note of include: Bergen, Arna, Mundheim, and the fjord
crossings at Tysnes, local areas around Leirvik (Stord), Førde, Vigdarvatnet and the local areas
around Haugesund. The protected recreational area of Lindøya at Røyksund requires particular
attention. The line splits the landscape and changes the impression of the island.
Protected areas are naturally in conflict with a high speed railway. Very important nature types and
wildlife areas also represent important potential conflicts. However, all affected areas are made up
of smaller areas or border line areas along this main route. It therefore seems like with apparently
small adjustments these can be avoided. Even if the railway still touches some of these areas, it is
conceivable that a certain number of these areas could be sacrificed or compensated for, for the
sake of a high speed railway. Some areas with high values include: Mundheim, south of Ålfjorden
and north of Ognøya.
The table below is a summary of the GIS analyses. The analyses are summarised in chapter 2.4. For
complete numbers and more details, see attachment Environmental analysis
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Table 6-9 Summary of GIS analyse for main route 4 Coastal route; part of routes 4a and 4b
Alignment D2
Number of
objects

Area / length

Landscape
High value

4

266 000 m2

Middle value

0

0

29

100 m2
30 km

3

11 000 m2
0,2 km

Middle value

38

Only points and
lines

Unvalued

13

0,03 km

Unvalued
Cultural heritage
High value

Community life and outdoor recreation
High value

4

145 000 m2

266

3 961 000 m2

18

174 000 m2

6

21 000 m2

11

409 000 m2

High value

52

363 000 m2

Unvalued

1

18 000 m2

Unvalued
Natural environment
High value
Middle value
Unvalued
Natural resources

Noise
Yellow zone

1750 inhabitants

Red zone
Total affected

100 inhabitants
1850 inhabitants

From the GIS analysis and the qualitative assessment every part of the route has been ranked
against the 0-alternative. The 0-alternative is always ranked as the best alternative. The results from
ranking of the alignments for each theme are used as a base for the overall ranking of the main
routes for all environmental themes. The Coastal route has only one standard; D2. Since there is
only one alignment there is only a ranking against the 0-alternative.
Table 6-10 Overall ranking for all environmental themes – Coastal route
0 alternative

Alignment D2

Landscape

1

2

Cultural heritage

1

2

Community life and outdoor recreation

1

2

Natural environment

1

2

Natural resources

1

2

Noise

1

2

Overall ranking all
environmental themes

1

2
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7 Uncertainties
7.1

General

This is a feasibility study of possible high speed railways between Oslo and Bergen, in combination
with the new line between Bergen – Haugesund – Stavanger. The study has been performed at
a very high level; only suggesting potential routes for different new railway lines. As some key
questions have been answered, other new questions have been raised. This is the nature of a
feasibility study, where new questions arise as the level of knowledge increases. Fortunately, most
of the new questions are of less significance as the process moves on. We would like to point out a
few of the uncertainties as we see them based on the current level of knowledge.

7.2

Uncertainties due to the scale of the map

The scale of the planning maps used, has been 1:50 000, with contour lines every 20 m. This means
1 mm on the map corresponds to 50 m on the ground. For a corridor search this gives a fairly good
picture of the landscape.
Working at a smaller scale, a better alignment could have been calculated, which would give slightly
different results. Some tunnel sections could be avoided, others could be added. This also applies
to bridges and daylight sections. For this feasibility study a certain number of bridges have been
calculated based on our professional judgement.

7.3

Uncertainties due to the total traffic concept

This report is merely a theoretical alignment study, only regarding landscape and defined design
parameters for a given design speed. It is the consultant’s view that a comprehensive study, where
the overall traffic concept is included, will give a significantly better alignment for the different
routes. Calculation of market demand, stopping pattern, travel time, train mixture, capacity issues
and cost estimation is a powerful tool for the alignment engineer, and can give far better results than
just a strict design speed. A comprehensive study can probably define alignments that better follow
the landscape and thus are less expensive to construct, but still good enough to meet the target
travel time.

7.4

Uncertainties due to the Hardanger Fjord crossing

The Hardanger Bridge will have a longer span than any other known railway bridge built to date.
Even if it is regarded as feasible, the bridge will be one of the most expensive single constructions
to be built on this route. Thus, there is a high level of uncertainty associated with a construction
project of this magnitude. A detailed study of this special bridge could be beneficial to enhancing
the quality of the cost analysis.

7.5

Uncertainties due to environmental impact

The geographical area is very large and there are a lot of environmental issues that are not covered
by the GIS data. There is some GIS data that has not been included for different reasons and there
are almost certainly environmental issues that are as yet undiscovered.
There is variation in the quality of the GIS data; both between different data sets and within one
data set. This generates uncertainties about the values in the landscape. This variation can also be
a source of errors in the analysis, both with regards to area and numbers of objects that might be
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in conflict with the alignment. The analysis has used a 50 m wide corridor throughout, but for the
actual railway this will vary due to the design and surroundings.
The design has been performed at a large scale and there are a lot of uncertainties surrounding the
alignments. In future studies the design will be more detailed and it will be possible to adjust the
alignments and employ different measures to mitigate damage to the environment.
In this phase the possibilities for depositing large amounts of surplus material from the tunnels have
not been studied and there are likely to be quite large differences between the different alignments.
The calculation of noise impacts is dependent on several factors concerning the final layout and
technical properties of the railway. Traffic volume and emission data for the actual trains will
influence the results. The specifications used to assess the impact of the trains is assumed to
be conservative. Implementation of high speed railways may lead to reduced traffic on existing
railways, which in turn may lead to reduced noise impact along existing railway routes, but this
effect is not evaluated here.
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8 Main findings
8.1

General

Corridor west does not appear to provide a preferable alignment for a state of the art HSR line. The
route through Hallingdal was the only route where the alignment was tested with parameters for
250 km/h along the entire length of the route. The results show that the proportion of the route in
tunnels can be reduced significantly by slightly reducing the maximum speed requirement. This will
probably also apply for the other routes.
Steep gradients would help generate a significant reduction in the number and length of tunnels and
bridges. This however, excludes the concept of mixed traffic on the lines. A cost/benefit analysis
could provide more information about what would be the better solution.

8.2

Feasibility of the scenarios in the different routes

8.2.1 The Hallingdal route
An upgrade of the existing line step by step can save about an hour of travel time and increase the
capacity significantly. Unfortunately investment costs will be high, and the benefits may not justify
the level of investment. For each upgrade, the line will be more expensive to develop further. It
would probably be better to upgrade longer sections, and aim for a continuously 2* line at some
point in the future.
An upgraded line for HSR through the existing stations cannot have a 12.5 per mille gradient limit.
Allowing the use of steeper gradients would make it possible to achieve a design speed of 250 km/h
and could potentially prove to be a good option for an HSR line in this corridor. As the existing line
also includes very steep gradients, the 2* scenario line would still be a significant improvement over
the existing line.
A new HSR line for mixed traffic is feasible, but will be difficult to build without resorting to a
significant number and length of tunnels and bridges. Particularly problematic are the long tunnels
in the middle of the mountains, both from the point of view of construction and safe operation.
From an alignment point of view, a new HSR line solely for passenger trains could be a viable
solution for the Hallingdal route, combining the best sections from the 2* and D2.

8.2.2 The Haukeli
As a system, connecting both Stavanger and Bergen with each other and Oslo, this route requires
the least amount of new HSR line to be built. Unfortunately it will require a significant length to be
built in tunnels, but fewer high bridges. A steeper gradient would result in fewer tunnels and bridges,
but the longest and most challenging tunnels would still be needed. Further development of this
route will result in improved alignments, and increase the advantage of the shorter length of line.
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Figure 8-1 Exterior renderings of ZEFIRO 380 very high speed train from Bombardier.

8.2.3 The Numedal route
The Numedal is the very best valley for an alignment design. The number of tunnels and bridges
is significantly lower than via the Hallingdal. This is particularly true for scenario D2 with only
passenger trains. A combination of the 2* alternative west of Geilo and the Numedalen would make
a good choice for a purely passenger based HSR line. For mixed traffic the picture is not that good,
because the challenges of passing under the Hardangervidda Mountain are still significant.

8.2.4 The coastal route
The coastal route is not regarded as feasible with a gradient of 12.5 per mile, mainly because of the
deep subsea tunnels. As a passenger only line, or even for light freight, it could still be of interest.
The direct route via Stord is about 45 km shorter than the route via Odda, but includes an extra
subsea tunnel and two long bridges. This line should be considered in conjunction with Statens
vegvesen, as they are making plans for a new main road along the same route.
The connection between Stavanger and Haugesund will be the same for both route 2 and route 4,
and could be built as a separate project before further HSR alignments are decided upon. The line
would connect Haugesund and the surrounding area to Stavanger and the Jærbanen. This would
expand the economic boundary of Stavanger significantly and provide substantial benefits, even
before the completion of a HSR network.
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Table 8-1 An overview over all routes and the different alignments.

Parts of route

1a

1b

1c

Bergen - Geilo

Geilo - Hønefoss

Hønefoss Sandvika

2a

Bergen - Røldal

2b

Røldal Kongsberg

2c

Kongsberg Drammen

2d

Stavanger Haugesund

2e

Haugesund Røldal

3

Geilo - Kongsberg

4a

4b
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Bergen Haugesund
Haugesund Stavanger

Max
gradient

Design
speed

Length

[‰]

[km/h]

[km]

D1

12,5

330

D2

25

330

2*

12,5

2*

25

D1

Tunnel share

Viaduct/Bridge
share

[km]

[%]

[km]

[%]

Deegre
of difficulty to
build

176

119

68

36

21

-

176

106

60

25

14

-

250

190

87

46

25

13

0

12,5

330

142

73

51

22

16

0

D2

25

330

147

52

35

7

5

+

2*

12,5

250

142

43

30

20

14

+

D1

12,5

330

37

24

65

2

6

0

D2

25

330

40

21

52

5

12

0

D1

12,5

330

119

101

85

12

10

-

D2

25

330

119

96

80

12

10

-

D1

12,5

330

204

114

56

23

11

0

D2

25

330

202

82

41

28

14

+

D1

12,5

330

33

3

9

3

10

+

D2

25

330

33

1

3

1

3

+

D1

12,5

D2

36

330

67

53

79

4

6

-

D1

12,5

330

109

72

66

10

9

0

D2

25

330

109

67

61

5

5

0

D1

12,5

330

140

68

48

16

11

0

D2

25

330

138

38

28

17

12

+

D1

12,5

D2

30,4

250

D1

12,5

not feasible

D2

27,5

330

Scenario

Not feasible

Not feasible

Not feasible
167

91

55

15

9

-

63

49

78

4

6

-
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Parts of route

Scenario

Max
gradient

Design
speed

Length

[‰]

[km/h]

[km]

Tunnel share

Viaduct/Bridge
share

[km]

[%]

[km]

[%]

Deegre
of difficulty to
build

Summary
1

Hallingdal
Bergen - Sandvika

2

Stavanger Drammen

Bergen - Røldal - Stavanger

330

355

217

61

61

17

-/0/0

D2

25

330

363

178

49

36

10

-/+/0

2*

25

250

369

155

42

48

13

0/+/0

D1

12,5

330

356

218

61

38

11

-/0/+

D2

25

330

354

179

51

40

11

-/+/+

D2/D1

36/12,5

330

413

242

59

40

10

-/0/0
/+

D2

25

330

411

203

49

38

9

-/0/+
/+

D2

25

330

295

215

73

21

7

-/0/-

D1

12,5

330

349

190

55

55

16

-/0/+

D2

25

330

347

145

42

43

12

-/+/+

D2

30,4

250

230

141

61

19

8

-/-

Numedal
Bergen Drammen

4

12,5

Haukeli
Bergen Drammen

3

D1

Coastal
Bergen Haugesund
- Stavanger
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9 Outlook - Suggested further studies
9.1

HSR concept studies

Phase 2 of the Norwegian High Speed assessment was supposed to discuss the different concepts
for a new high speed network. A lot of different topics were defined and studied, increasing the level
of knowledge in Norway regarding HSR. However, a clear concept for a future traffic system was
not suggested. Thus the third phase of the assessment started more or less directly based on the
mandate given on the 19th of February 2010.
We suggest that the next step for the government should be to study different traffic concepts in a
few chosen corridors. This includes a range of alternatives and a number of key questions:
•
Which market should be served?
•
How many stations should be served, and how often?
•
Which mix of trains should be used to serve the market and their properties?
•
What is the maximum permitted travel time in different sections?
That assessment will have to include an extensive study of capacity and time tables, and should be
conducted based on the work presented in this report.

9.2

Target time driven alignment studies

Based on the chosen concept for a HSR service, a new and more detailed alignment study should
be performed. Acknowledging the fact that the end to end travel time depends on the total sum
of travel times in different sections, the line can be optimized to the highest cost/benefit ratio. The
alignment should be reviewed when the results of the operational and traffic studies, run time and
timetable studies as well as investment calculations are available. Achieving the desired target time
for each section should be the main goal for this new alignment study. If some sections could be
built significantly cheaper with a slower design speed, then this should be allowed. Consequently,
on other sections the design speed must be kept to a high enough standard to meet the overall end
to end travel time target. Thus a cost/benefit ratio should decide the most favourable design speed,
giving the lowest cost to meet the total travel time target.
The capacity and time table study should interact with the alignment study, testing different
scenarios and calculating cost/benefits of different alignment options.

9.3

Steep alignment based on a dynamic velocity approach

For a scenario with purely passenger services, the gradient can be significantly higher than the
scenarios for mixed traffic. This is a result of kinetic energy, increasing with the square of the speed,
resulting in a high amount of energy for trains running at high speed. In this study, we have stayed
within the TSI specified rules for gradient. Probably a much steeper gradient could be used for short
sections, reducing the number of high bridges and tunnels. What is important is that these sections
correlate with the calculated running speed on the sections, ensuring a high speed in sag-curves
and allowing lower speed only at the summit points.

9.4

Security concept for long tunnels and high bridges

A security concept for long tunnels and bridges must be developed. This concept must at least
include a plan for how people shall survive in case of an accident or fire, and how to evacuate
passengers from the tunnel. A lot of the tunnels and bridges shown in this corridor are far from
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Figure 9-11 TGV high speed train in France.

towns and hospitals. Fire services and hospitals with sufficient capacity are not necessarily
available and this raises important question about how these issues should be addressed.

9.5

Detailed study of the Hardanger Fjord crossing

It is our professional view that all bridges in this project can be built using known and proven
technology. Any uncertainty is related to speed and cost. We assume that a speed of 250 km/h
could be achieved within the cost framework we have suggested. Exploring these issues in more
detail will require a much more detailed study, far beyond the scope of this project. This will also
involve discussions with Jernbaneverket on the design parameters for bridges for high speed trains
and a preliminary project for the suggested solution with extensive static and dynamic analyses.

9.6

Detailed study of slab-track concepts

Slab-track is a new solution in the Norwegian railway system, although it is well known in other
European countries. Tests and studies should be conducted to strengthen knowledge in this area. A
few aspects should be given special attention:
•

•

•

For the tunnel sections the track should be accessible for emergency vehicles running on
rubber wheels. This can be an important part of a security concept, if something should
bring the train to halt in the middle of a tunnel. Track availability for road vehicles could also
be of great benefit for maintenance and inspection work.
Due to heavy snow problems in the mountains, especially due to drifting snow on windy
days, the track should be designed to prevent snow building up on the track. A few of the
different solutions with self cleaning track, relying either on cross winds, turbulence from
passing trains or powered heating systems, could provide significant benefits in dealing with
these special Nordic problems.
A cheaper version of slab-track solutions should be studied, keeping the life time cost as low
as possible whilst still meeting the requirements of the two previous points above.
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