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Note by secretariat

The attached press release and summary report were produced after the completion of the Study on the Security in Swiss Railway Tunnels in January 2001. One copy of the complete study will be available for consultation in the meeting room. Additional copies may be requested from the Swiss Federal Office of Transport.

PRESS RELEASE

The safety of the Swiss railway tunnels – the FOT analysis

By order of the President of the Confederation, Moritz Leuenberger, head of the Federal Department of the Environment, Transport, Energy and Communications (DETEC) the Federal Office of Transport (FOT) examined the safety of the Swiss railway tunnels. A high safety standard has been attested. This is why no immediate operational measure has been deemed indispensable. However, the construction status, the operations processes and the planned evacuation concepts have to be optimised for some tunnels, particularly the long ones. The report of the investigation approved by the head of the Department was distributed to the railway companies which were asked to provide suggestions for measures aimed at improving the safety standards by the end of September 2001.

After the fires in the Mont-Blanc and Tauern road tunnels in 1999, the Federal Roads Office examined at first the safety of the long tunnels in the Swiss roads network. In the middle of September 1999, the FOT started to analyse the safety of the Swiss railway tunnels by order of the Department. The investigation contained the 689 tunnels which were in operation on 

January 1, 2000. In the framework of a general analysis, the FOT has assessed these tunnels according to special criteria such as the building system (single or double track tunnels, length and condition, traffic volume) and to the transport category (share of passenger and freight traffic). The following elements were also analysed : suitability of the rolling stock, length of the escape routes, intervention opportunities of the rescue teams and information to be given to travellers in an emergency. 

Safety analysis

During the evaluation, it should be remembered that the most frequent causes of railway accidents do not at all occur in tunnels, as for instance on level crossings. From a statistical point of view, travelling through a tunnel is therefore safer than on the open stretch.

The FOT enquiry has shown that out of the 689 assessed tunnels, 579 (84 per cent) have no safety problem. Most of them have a maximal length of 300 m and can be evacuated quite quickly if an incident takes place. Supplementary measures are to be examined for 84 tunnels with a length between 300 and 3000 m. 

Optimization of rescue measures

The FOT is of the opinion that some measures are justified for 26 tunnels which, in most cases, are more than 3000 m long. They are necessary to avoid accidents and to reduce the extent of damage; they also include measures for supporting external and autonomous rescue such as walkways equipped with railings, illumination and ventilation as well as escape signposting. Furthermore, a big number of tunnel portals are not easily accessible to the road vehicles of the rescue teams and the communication links in the tunnel are sometimes inefficient or do not exist at all.

Measures to avoid accidents

We must bear in mind that rescue operations in tunnels are always more difficult than on an open stretch. This is why a great importance is given to the measures which avoid accidents and reduce the extent of damage. The safety of railway tunnels depends therefore on the condition and the equipment of the rolling stock (e.g. inhibition of the emergency brake during the circulation in the tunnel, etc.) and on the technical equipment of the infrastructure (e.g. hot box detection devices, axle-counters, etc.).  Compliance with the loading guidelines for wagons and with the regulations on the transport of dangerous goods is also an important factor. Furthermore, the travellers are to be informed on what to do in the event of an incident. The inquiry has shown that there is room for improvement here.

Other measures

The FOT has elaborated a series of measures. The tunnels under investigation differ greatly with regard to geographical location, the rolling stock passing through, operations and organisation of the rescue teams. The FOT thinks therefore that it is not appropriate to enact general measures.

As the railway companies know best the local conditions and are responsible for the safety of railway traffic, the FOT has ordered them to suggest measures aimed at improving the safety level. The suggestions for the rolling stock should be available by mid-June. The suggestions for the other sectors should be provided gradually until the end of September 2001.

Berne, January 22, 2001

	FEDERAL OFFICE OF TRANSPORT
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Report on Swiss rail tunnel safety: a summary

The Federal Office of Transport (BAV) investigation on the safety of rail tunnels in Switzerland concludes that for most tunnels, the standard of safety is high, and there is no evidence of a serious safety deficit. The most frequent causes of accidents on the railways are not effective in tunnels. As far as rail travellers are concerned, passage through a tunnel is always safer than on open stretches of the network.

In the unlikely event of an accident in a tunnel, the damage can of course be very considerable. This results from the large number of persons carried by passenger trains, and from the configuration of the tunnels themselves. 

Despite the high level of safety, adequate rescue measures are therefore extremely important. For certain very long tunnels, the investigation identified a need for action in this respect. Furthermore, improvements are called for in rolling stock, and in the equipment and deployment of the rescue services.  

The serious fires that occurred in 1999 in the 'Mont Blanc' and 'Tauern' road tunnels led Mr Moritz Leuenberger, Federal Councillor and Head of the Federal Department of Environment, Transport, Energy and Communications (DETEC), to instruct BAV to clarify the safety position in all existing rail tunnels. In particular, an assessment of the structural condition and technical facilities in tunnels, the suitability of rolling stock, the equipment available to the rescue services, and the provision of information to passengers in the event of an accident, was required. 

The results of the BAV investigation are presented in the report. The investigation was based on a comprehensive enquiry among Swiss railway companies concerning safety in their tunnels. A study of tunnel safety had already been carried out by the Swiss Federal Railways (SBB) at the beginning of the 1990s, and the methodology and results of this study were drawn upon in the present report.

The most effective measures for increasing the chances of rescue – provision of short and well-equipped escape routes, improvements in tunnel access and installation of redundant communication systems – represent a substantial cost factor. These can, however, be carried out for the most part in conjunction with structural renovations which are foreseen anyway for many tunnels. BAV has instructed Swiss railway companies to prepare a schedule of the measures planned, and encouraged them to modify their investment plans accordingly.  

New breakdown of Swiss rail tunnels

The report covers 689 tunnels in operation on 1.1.2000, and presents a new breakdown of tunnel characteristics. Three of the tunnels are cross-frontier, i.e. bi-national. A total of 67 railway companies figure as owners or operators. SBB, the principal operator, is responsible for 250 (36%) of all tunnels. Next in significance is the Rhaetian Railway (RhB) with 113 (16%), the Berne-Lötschberg-Simplon Railway (BLS) with 51 (7%) and the Montreux-Berner Oberland Railway (MOB) with 31 tunnels (5%).

Seventy per cent of all tunnels are less than about 300 meters in length. This corresponds to the maximum length of a passenger train. Only 10 per cent of tunnels are over a kilometer in length. The 12 tunnels exceeding 5000 meters in length account for 35 per cent of the total length of the tunnel network. The longest tunnels are mostly single-track tunnels, in which certain types of accident such as collisions are very unlikely. Many of the longest tunnels form part of heavily frequented main traffic routes used for both passenger and goods transport.

The railway infrastructure in Switzerland derives largely from the early years of the 20th century, and partly from the 19th century. One-hundred-and-seven tunnels – or less than one-sixth of all tunnels investigated – were built in the last 75 years. Seventy-seven tunnels were built after 1950. Most tunnels were last renovated more than 20 years ago. For many of these, extensive structural renovation is required, and has partly been planned, for the coming years. One long tunnel is in need of short-term renovation for structural reasons.  

Railways – a safe mode of transport 

Railways are fundamentally a safe mode of transport. Thanks to the guiding action of the rails, hazardous situations causing frequent accidents on the roads, such as slithering, or driving on the wrong side, are avoided. Moreover, the railways need far fewer drivers, and these are professionally trained and monitored by technical systems. Between 1990 and 1997, an average of 260 accidents occurred each year on the railways, resulting in 80 injuries and 48 deaths. That is to say, 200 to 400 times less accidents and injuries, and 15 times less deaths, occurred there than on the roads. Over the same period, 62 per cent of all rail accidents were caused by collisions. Two-thirds of these occurred at rail crossings. Indeed, accidents at crossings are the most frequent type of rail accident, representing over 40 per cent of the total. 

An analysis carried out by the SBB on the causes of fatal accidents showed that far fewer fatal accidents occur in tunnels than on open stretches. In tunnels, the serious accidents occurring at rail crossings are not possible, and those due to persons crossing the lines or jumping on and off trains in motion are very unlikely. The number of fatal casualties per kilometer is four times less in tunnels than on open stretches of the SBB network. The last two fatal accidents in SBB tunnels occurred several decades ago. They took place in the Gütsch tunnel (near Lucerne) in 1932, and in the Simplon tunnel in 1971.

Notwithstanding this, the consequences of a tunnel accident may be very serious indeed. Previous experience has shown that much depends on whether the persons affected may reach a place of safety quickly enough ('autonomous rescue'). In the event of fire, conditions quickly worsen owing to the production of smoke and heat. External rescue measures ('assisted rescue') require time, and are hampered by conditions in the tunnel.

Due to these conditions, the tunnel length is of paramount importance for safety assessment. Further important aspects are the design, operation and infrastructure of the tunnel, and the rescue and intervention procedures. All these aspects may be expressed as a so-called 'safety coefficient'. On the basis of this safety coefficient and of their length the tunnels were categorised in four groups.

Based on an analysis of tunnel length and safety coefficients, the report concludes that 84% of the tunnels do not present a serious safety problem. These are mostly tunnels in categories A and B with a maximum length of 300 meters. For category C (84 tunnels), there is need to consider additional safety measures, while for the 26 long tunnels in category D (cf. table), additional measures are certainly justified.

Measures to promote autonomous rescue

In general, the maximum length of the rescue route, i.e. the distance from the site of an accident to a safe tunnel portal, is equal to half the tunnel length. For more than 30 of the tunnels in categories C and D, the relevant distances are between 1 and 9.5 kilometers. With two-tubes tunnels, safety may be improved by providing cross-passages at intervals of several hundred meters. This considerably shortens escape routes. The new low-level tunnels through the St. Gotthard and the Lötschberg will therefore be provided with this facility.

Autonomous rescue can also be promoted by technical equipment. In categories C and D, 26 tunnels are fitted with illumination, and 25 have simple walkways equipped with railings and escape signposting. A ventilation system is provided in two of the tunnels.

Rail tunnels in category D. For these, additional safety measures are certainly justified.

	Tunnel
	Company
	Length (m)
	Inauguration
	Number of tubes
	Number of tracks

	Albis
	SBB
	3.360
	1897
	1
	1

	Albula
	RhB
	5.865 
	1903
	1
	1

	Furka low-level
	FO
	15.442 
	1982
	1
	1

	St. Gotthard
	SBB
	15.003 
	1882
	1
	2

	Grauholz
	SBB
	6.301
	1995
	1
	2

	Grenchenberg
	BLS
	8.578
	1915
	1
	1

	Hagenholz
	SBB
	2.837
	1980
	1
	2

	Hauenstein low-level
	SBB
	8.134
	1916
	1
	2

	Heitersberg
	SBB
	4.929
	1975
	1
	2

	Hirschengraben
	SBB
	1.246
	1989
	1
	2

	Jungfrau
	JB
	7.122
	1912
	1
	1

	Käferberg
	SBB
	2.119
	1969
	1
	2

	Kerenzerberg
	SBB
	3.955
	1961
	1
	2

	Loges (des)
	SBB
	3.259
	1859
	1
	1

	Lötschberg
	BLS
	14.612
	1913
	1
	2

	Mittalgraben II
	BLS
	3.298
	1991
	1
	1

	Mont-d'Or
	SBB
	6.099
	1915
	1
	1

	Ricken
	SBB
	8.603
	1910
	1
	1

	Schanze
	RBS
	1.200
	1965
	1
	2

	Schwamendingen
	VBZ
	2.161
	1986
	1
	2

	Simplon
	SBB
	19.803
	1906
	2
	1+1

	Stutzeck-Axenberg
	SBB
	3.375
	1942
	1
	1

	Vereina
	RhB
	19.043
	1999
	1
	1

	Wasserfluh
	BT
	3.556
	1910
	1
	1

	Weissenstein
	RM
	3.700
	1908
	1
	1

	Zürichberg
	SBB
	4.830
	1990
	1
	2


Rapid assistance is decisive 

In case of an accident, external help is provided by the railway rescue services and/or the local civil defense services (fire brigade, ambulance, chemical combat, etc). Obviously, the quicker they arrive on site, the more they can help. In case of fire or explosion, and resultant heat and smoke production in the tunnel, the rescue services must be in a position to act quickly. Suitable communications systems, rapid availability of the team, and accessibility of the tunnel are of major importance.

Over two-thirds of the tunnels in category D are equipped with communications systems between the tunnel and the world outside – a precondition of any tunnel alarm system. The longest tunnels, which include those carrying heavy passenger traffic, all dispose of equipment of this kind. 

Some railway companies have their own fire-fighting and rescue vehicles that run on the rail tracks and may be sent into the tunnels in case of emergency. Prior to rescue operations, the rescue team must be summoned. For some of the long tunnels, the rescue equipment is located near the tunnel portal. In all other cases, the equipment must be brought in from further afield.

Poor access for road vehicles

In general, the local rescue services are available sooner. Two-thirds of the tunnels in category D may be reached by these in less than 20 minutes. In urban areas, professional teams are available, so that the rescue situation there is more satisfactory. As opposed to the railway rescue services, however, the local services do not have rail vehicles at their disposal, so that it is often difficult for them to reach the tunnels. Less than a fifth of all tunnels have one portal accessible by road. For 25-30 per cent of the tunnels in categories C and D, road access to a single portal exists. Furthermore, none of the rail tunnels are can be used by road vehicles.

In order to optimize the deployment of railway and local rescue services, the railways are currently preparing contingency plans for all routes over which hazardous goods are transported. For over half the tunnels in categories C and D, work on these plans has now been completed. Note that it is rare for passenger trains and trains carrying hazardous goods to be in a tunnel at one and the same time. When this occurs, it is mostly in the shorter tunnels.

Quality of rolling stock: a safety factor

The quality of rolling stock also has an influence on the safety of rail tunnels. The main factors are good maintenance and compliance with load restrictions. For passenger transport, in addition to questions of fire protection, it is important that the emergency brake may be disabled. This is to avoid trains halting unnecessarily in tunnels and increasing the extent of damage in the event of fire.

Finally, railway companies must ensure that passengers and personnel are informed of emergency action needed. The report concludes that improvements are required in this respect. In particular, there is a lack of established procedures for informing passengers what to do when trains stop in tunnels. With the exception of accompanied combined transport ('rolling road'), safety information is rarely given.

Raising the safety standard to the safety level of new tunnels

The report lists specific measures in order of priority. With these, the safety level of existing tunnels may be raised to that of new tunnels. 

The measures required depend on the particular characteristics of each tunnel. The report provides recommendations on suitable measures to the railway companies, classified according to their main effects as follows:

· measures to avoid accidents

· measures to reduce the extent of damage

· measures to promote autonomous rescue

· measures to promote assisted rescue

The next step will be for the railway companies to indicate to BAV what are the most effective measures to increase safety in their tunnels. As no new financial assistance is available at present, railway companies will need to incorporate the required measures in their investment plans. SBB, for example, have a credit fund of 45 million CHF (as of 1998) at their disposal. This is earmarked for equipping 27 tunnels with escape routes, railings, signposting and tunnel illumination by the year 2005.

BERNE, JANUARY 22, 2001

FEDERAL OFFICE OF TRANSPORT COMMUNICATION
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