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0.0 Executive Summary

0.1

Study Scope and Objectives

Det Norske Veritas is completing a study on behalf of the European Railway Agency (the
Agency), the objective of which is twofold:

1.

Part A has the objective of identifying all prevention and mitigation measures that exist
today or could be implemented within the short term (before 1st of January 2013) or
medium term (ready to be applied or to be introduced in EU regulation within 5 to 10
years). This is to be achieved through the following schedule of activities:

e Task A.1 - identification of existing operational and technical rules.

» Task A.2 - description of the markets and technologies covered by the devices/systems
in use or which may be used at medium term.

e« Task A.3 - description of the rules (inc. specific devices/systems used) in generic
functional and performance terms.

e Task A.4 - advice on innovative longer term measures (unlikely to be available within 10
years) which might be considered in a future R&D project.

Part B has the objective of analysing the measures identified in Part A with a view to
establishing those that show the most promise from a risk reduction viewpoint. Part B
addresses such measures which are available at the short and medium terms.

The geographical scope for this work is the EU-27 countries plus the 3 candidate countries,
Norway and Switzerland. In addition, the USA and Japan are considered in the scope of safety
measure identification, but limited to the most commonly used safety measures and to the
foreseeable innovations at medium term.

This document is the Final Part A report.

0.2

Methodology

Part A has involved a series of consultation exercises, in particular:

1.

We consulted with infrastructure managers (IMs) and railway undertakings (RUS) to
establish:

- The types of measures (technical, operational, organisational or human) they currently
use to either reduce the frequency or mitigate the consequences of freight train
derailments.

« The effectiveness of these measures.
- Their plans for introducing additional measures in the short term and beyond.

«  Where an IM or RU had indicated the use of a technical measure, we asked them in a
subsequent round of communication for their experience of the reliability performance
and effectiveness of these measures.

Having established, from the consultation above, a full list of existing and potential future
measures, we embarked on a further round of consultation. This further consultation was
limited to suppliers of technical measure (defined as a device or a system) , for which we
sought information on, but not limited to:

- The reliability, availability and maintainability (RAM) performance for their technical

measures.
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« False alarm rates and failure mode information.

-« The way in which these technical measures may influence the risk of freight train
derailment.

- Cost and life cycle questions, such as special disposal requirements, the requirement
for preventative maintenance etc.

- Finally, we asked suppliers for their views of how technology might evolve and new
products that may be available in the future.

This consultation work has been supplemented by complementary research and information
searches to provide a through analysis of the areas of this project’'s scope. We have also
considered and report on:

1. The regulatory framework in which the identified measures operate in Section 2.1.
2. The derailment problem, causes and influencing factors in Section 3.0.

3. An initial review of freight train derailments accidents in Section 8.0 (to be finalised and
updated throughout Part B).

0.3 Results

0.3.1 Measures to Reduce Freight Train Derailment Risk and Consultation
As part of this consultation and other complementary research we identified:
* 43 measures in place to reduce the likelihood of a freight train derailment.

» 8 measures that could be introduced in the future reduce the likelihood of a freight train
derailment.

« 13 measures in place to reduce the consequence following a freight train derailment.

For each measure within the study scope we assessed, or proposed a method for the
assessment of, the performance of each measure. This is reported in detail in Section 7.0 for
all measures identified.

We also discuss the way in which a measure will be used, together with its performance
assessment, within Part B. We summarise this in the diagram below. In this diagram we show
the failures that may lead to derailment in a logical construct, together with the measures that
may be applied to reduce the contribution from that cause. This barrier model is to be further
developed during Part B and populated with data for all failure causes contributing to freight
train derailments.

0.3.2 Market Considerations

Finally, for a technical measure, it will be an important to carefully consider the market
implications that may result should a measure be recommended, in terms of whether such a
recommendation may provide a competitive advantage to one supplier. This is reported in
terms of our market analysis at Section 6.0 and will be further addressed in Part B.

0.4 Summing Up

We have undertaken a large body of work to establish the measures in the study scope,
involving significant industry consultation and research. We have also presented these
measures to a large workshop arranged by the Agency, and held 6" May 2011. These are
discussed in the body of this document.
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We also present our initial findings arising from an evolving accident analysis of freight train
accidents. This work will form a significant input to our Part B work, the structure of which is
outlined in Section 8.0.
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1.0 Introduction
1.1 Background

In 2009 the European Railway Agency (the Agency) issued a recommendation (ERA/REC/01-
2009/SAF) [1] on a specific proposal' for a new harmonised rule aimed at reducing the
consequences of freight train derailments, potentially involving dangerous goods. The
recommendation concerned the potential use of a specific Derailment Detection Device® (DDD,
a device which automatically acts on a freight train when a derailment of a wagon equipped
with that device is suspected).

Although the Agency’s recommendation was that the EDT-101 type devices should not be
adopted in the RID, the Joint meeting of RISC and Inland TDG EU regulatory committees
agreed that, considering the low potential benefit expected with the EDT-101 type devices, as
well as some other problems related to the operation of trains equipped with these types of
detectors, more efficient prevention measures should be further explored before deciding on
imposing, by law, measures base on the derailment detection.

Therefore recognising that freight train derailments remain a safety and operational concern,
and following a request of the above mentioned EU committees, the Agency has
commissioned Det Norske Veritas (DNV) to undertake a follow-on study. This follow-on study
is divided into two distinct research stages, Parts A and B and the results of Part A are
summarised in this document.

1.2  Part A Project Scope and Objectives

Part A has the objective of identifying all prevention and mitigation measures that exist today or
could be implemented within the short term (before 1st of January 2013) or medium term
(ready to be applied or to be introduced in EU regulation within 5 to 10 years). This is to be
achieved through the following schedule of activities:

e Task A.1 - identification of existing operational and technical rules.

» Task A.2 - description of the markets and technologies covered by the devices/systems in
use or which may be used at medium term.

e Task A.3 - description of the rules (inc. specific devices/systems used) in generic functional
and performance terms.

e Task A.4 - advice on innovative longer term measures (unlikely to be available within 10
years) which might be considered in a future R&D project.

(Note that Task A4, which makes no further contribution to this project, is reported in a
separate document [47]).

The linkage between tasks is shown below.

' The proposal was made by the RID Committee of Experts
> The specific device is the Knorr Bremse EDT 101
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Figure 1: Part A Task Linkage

Task A.3: For ALL
measures, how

do they work and

perform?

Task A.1: Existing
derailment risk
measures

Task A.2a: For
existing technical
measures, what is
the market

Task A.2b: For
potential NEW
technical
measures, what is
the market

Input to
Part B

Task A.4: Future . Inputto .
Innovations? " Research Project

The geographical scope for this work is the EU-27 countries plus the 3 candidate countries,
Norway and Switzerland®. In addition, the USA and Japan are considered in the scope of
safety measure identification, but limited to the most commonly used safety measures and to
the foreseeable innovations at medium term.

1.3  Part B Project Scope and Objectives

Part B has the objective of analysing the measures identified in Part A with a view to identifying
those that show the most promise from a risk reduction and efficiency viewpoint. Part B is
scoped to include all prevention measures but is limited to mitigation measures based on
derailment detection technology. Part B addresses such measures which are available at the
short and medium terms.

Part B is to be achieved through the following schedule of activities:

e Task B.1 — construction of detailed fault and event trees describing freight train derailments
and showing the action of the safety functions on derailment risks.

e Task B.2 - semi-quantitative assessment of benefits and drawbacks of existing safety rules,
and of new or improved measures at short and medium terms, using data on
actual/targeted performance as well as conservative assumptions.

» Task B.3 - top ten ranking of potentially efficient new safety measures or improvements at
short and medium terms, including practical and legal implementation aspects.

The assessment and ranking of these measures is take account of and suggest a possible
implementation scheme designed to ensure the most efficient potential deployment of these
measures (i.e. for all freight wagons, or a limited sub-set, for all infrastructure or only in highly
populated areas etc).

However, and in keeping with the overall objectives of the Agency, any recommendations
arising out of Part B work will be aimed at the harmonised international level.

® Hereinafter called the target countries
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As a brief summary of the Part B structure, the figure below is provided. This figure shows a
generic fault and event tree model which is to be developed in more detail during Part B.1.

Figure 2: Part B Structure

Basic causes  Intermediate Hazard/ Developing Fully developed
causes What-if consequences consequences

Fault Tree Analysis Event Tree Analysis

Mitigation 2 Outcome
Yes 1

Mitigation 1
Yes No

2
Yes 3
4

No

Primary controls _

Secondary controls ——1 I—-I I——

| = Key risk reduction measures

To the left hand side of the “bow-tie” model are the causes that may lead to the hazard (in this
case freight train derailment). To the right hand side the model develops how the hazard may
evolve into its potential outcomes. These may range from no significant consequence to loss
of containment of dangerous goods, for example.

Shown pictorially in red are measures that may reduce the likelihood of freight train derailments
(therefore appearing on the right hand side of the diagram) or mitigate the consequences (on
the left). These measures are extracted from the A reports referenced above.

The models are populated with data extracted from various pertinent sources allowing the
model to be used to identify a prioritised list of measures that show the most promise.
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2.0 Background and Context
2.1 The Drive Towards a More Harmonised Rail Environment
2.1.1 Background

The various countries having an operational rail network all have a set of rules, regulations and
operational procedures for design, construction and maintenance of the infrastructure and
rolling stock, as well as for traffic operation®.

Despite their being physical, technical, operational and regulatory differences between
countries, cross border rail freight has been possible for more than 150 years and the railway
has been an important medium for international freight transport in Europe during this period.
This has been achieved through standardisation of the basic design of freight wagons through
the works of UIC (Union Internationale des Chemins de Fer), International Union of Railways
and the RIV (Regolamento Internazionale Veicoli), International Wagon Union, to suit
interoperation of wagons from different countries.

More recently there has been a move towards a more competitive standardised and open
approach to international rail traffic (freight and passenger). This has been achieved in the
form of various directives and technical specifications.

We briefly summarise these below as it is important that this project does not make
recommendations to the Agency that contravene the fundamental principles of harmonisation
that is being strived for.

2.1.2 The European Railway Safety Directive

The European Railway Safety Directive (the Directive) [2] supports the development of open
and transparent access to the European rail market. The Directive which was introduced in
2004, establishes a common regulatory framework designed to ensure that safety does not
present a barrier to the establishment of a single market for railways.

The key measures introduced by the Railway Safety Directive 2004 [2] are listed below:

« The requirement for each Member State to notify the European Commission of all of their
relevant National Safety Rules.

« The establishment of Common Safety Indicators (CSls) which are high level indicators of
significant risks to the mainline rail network (e.g. signals passed at danger and broken
rails).

« The establishment of Common Safety Methods (CSMs) which are harmonized approaches
to risk management, the exchange of safety relevant information and the evidence resulting
from the application of a risk management process.

« The establishment of Common Safety Targets (CSTs) which define the minimum safety
levels and safety performance that must at least be reached by the system as a whole in
each Member State, expressed in risk acceptance criteria for individual risks to
passengers, employees, level crossing users, ‘others’ and unauthorized persons on the
railway.

« The requirement for Safety Authorizations and Certificates which requires the Member
States' National Safety Authority to grant safety authorizations to Infrastructure Managers
(IMs) and safety certificates to Railway Undertakings. The purpose of safety

* Rules, standards and instructions as discussed in this section provide some degree of control against
derailments, but cannot cover all eventualities, failures and sub-standard conditions that may lead to

derailment.

Master - Final Rev 1.doc MANAGING RISK | ]

Reference to part of this report which may lead to misinterpretation is not permissible




21 July 2011
Freight Train Deraillment: Part A Final Report Rev 1
European Railway Agency

Page 5
DNV

authorizations/certificates is to provide evidence that railway undertakings have established
suitable Safety Management Systems (SMS) and are operating in accordance with them.

« The Investigation of Accidents.
2.1.3

The European Commission has prepared a range of regulations to improve the interoperability
of the European railways, not only with regard to hauling of freight and passenger cars, but
regarding the overall operation of the railways.

Interoperability Directives

In order to achieve this, a number of Interoperability Directives for the railway system have
been developed and enforced by the European Community.

* The Trans-European High-speed Rail System [3] covered the development of the high
speed rail system, mainly for passenger transport. The first Directive of 23 July 1996 was
later amended as specified below:

« The Interoperability Directive (2008/57/EC) [4] for the Community Rail System sets out
a number of essential requirements to be met for interoperability, which include safety,
reliability and availability, health, environmental protection and technical compatibility
along with others specific to certain sub-systems. This also requires the production of
mandatory Technical Specifications for Interoperability (TSls) which define the
specifications required to satisfy those essential requirements.

2.1.4 Technical Specifications for a Harmonised European Rail System

The TSIs are specifications drafted by European Railway Agency Working Groups to ensure
the interoperability of the trans-European rail system. The TSIs outline the essential
requirements and basis for design of an interoperable railway system in Europe. Table 1 below
specifies the TSIs applicable for conventional rail infrastructure and freight trains that may

influence the risk of derailments.

Table 1: Overview of TSIs with Relevance to Deraillm ent
Reference: Document Title Status:
ERA IU-INF- Trans-European Conventional Rail Final Draft TSI; dated 18/09/2009.

090902-TSI 4.0

System — Subsystem Infrastructure

EUR-Lex — Official
Journal — Vol 49 —
2006 - L 344.

Vol 52 — 2009 — L
45

Technical specification of
interoperability relating to the
subsystem rolling stock — freight
wagons of the trans-European
conventional rail system

Commission decision of 28" July 2006; amended by
commission decision of 23" January 2009

08/57-ST05 Draft Commission Decision Final draft issued for approval of European
10.06.2010 concerning Technical Specification | Commission

for Interoperability relating to the

rolling stock sub-system —

"Locomotives and Passenger

rolling stock" of the trans-European

conventional rail system
ERA IU-RST- Trans-European conventional Ralil Comment report to Final Draft TSI; dated
19112009-TSlI System — Locomotives and 19/11/2009
Report Passenger Rolling Stock*

EUR-Lex — Official
Journal — Vol 49 —
2006 L 359.
Eur-Lex — Official
Journal — Vol 53 -
2010 L-280, page
29 — 58.

Technical specification of
interoperability relating to the
subsystem Traffic Operation and
Management of the trans-European
conventional rail system.

Commission Decision 2010/640/EU amending
Decisions 2006/920/EC and 2008/231/EC (26
Octobre 2010)

Annex P5: Decision 2009/107/EC of amendment
Decision 2006/861/EC and 2006/920/EC (23
January 2009)

Decision 2006/920/EC (11 August 2006)

Master - Final Rev 1.doc

Reference to part of this report which may lead to misinterpretation is not permissible

MANAGING RISK




21 July 2011

Freight Train Deraillment: Part A Final Report Rev 1
European Railway Agency

Page 6

DNV

Reference:

Document Title

Status:

EUR-Lex — Official
Journal — 2006 — L
284

Technical specification for
interoperability relating to the
control-command and signalling
subsystem of the trans-European
conventional rail system

Decision 2009/561/EC - Amendment of Decision
2006/679/EC,;

Decision 2008/386/EC - Command Subsystem
ERTMS modifying Annex A to 2006/679/EC and
Annex A to 2006/860;

Decision 2006/860/EC - Control and command
subsystem ERTMS modifying Annex A to
2006/679/EC;

Decision 2006/679/EC

Decision 2008/163/EC

EUR-Lex — Official
Journal — Vol 51 —
2008 — L 64

Technical specification of
interoperability relating to safety in
railway tunnels in the trans-
European conventional and high-
speed rail system.

Technical specification for
interoperability relating to the
telematic applications for freight
subsystem of the trans-European
conventional rail system

EUR-Lex — Official
Journal — Vol 49 —
2006 -L 13

Regulation 62/2006/EC

2.1.5 European Standards

The documents listed in Table 2 include a list of standards and other documents relevant to the
design and conformity assessment of subsystems and interoperability constituents. For each
TSI, two groups of documents are listed:

* The standards or other documents (or parts thereof) which are specifically referred to in the
TSIs and which are therefore mandatory.

e The standards or other documents (or parts thereof) that are not referred to in TSIs are not
mandatory.

Table 2: Standards lists for TSIs
igh Speed TSils

Standard lists of relevance to H
Publication date Title

08-12-2008 Standards in HS Control command signalling TSI (2006/860/EC)
08-12-2008 Standards in HS Energy subsystem TSI (2008/284/EC)
08-12-2008 Standards in HS Infrastructure subsystem TSI (2008/217/EC)
08-12-2008 Standards in HS Operation TSI (2008/231/EC)

08-12-2008 Standards in HS Rolling stock subsystem TSI (2006/232/EC)

Standards lists of relevantto C onventional Rail TSIs

Publication date Title

08-12-2008 Standards in CR Control command and signalling TSI (2006/679/EC)
08-12-2008 Standards in TSI for noise in aspects of conventional rolling stock (2006/66/EC)
08-12-2008 Standards in CR Operation TSI (2006/920/EC)

08-12-2008 Standards in CR Rolling stock — Freight wagons TSI (2006/861/EC)

Standards lists of relevance to transversal TSlIs

Publication date Title

08-12-2008 Standards in TSI relating to persons with reduced mobility in the trans-European
conventional and high speed rail systems (2008/164/EC)

Standards in TSI relating to safety in railway tunnels in the trans-European conventional
and high-speed rail systems (2008/163/EC)

08-12-2008

2.1.6 National Rules and Regulations and Voluntary Rules
2.1.6.1 National Rules and Regulations

As discussed in the opening of this section, national rules have always existed and will still
exist — at least for the foreseeable future - despite the introduction of a more harmonised

framework for international rail traffic.
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These notified national rules are used in addition to the TSIs and describe nationally binding
conditions that must be met. However, these national rules must ensure that the railway
system is interoperable and must ensure that current safety levels are not eroded.

According to Article 8(1) of the Railway Safety Directive [2], Member States shall establish
binding national safety rules. Article 8(2) required the Member States to notify these safety
rules to the Commission before April 30 2005. After this date, Article 8(4) requires the
notification of any amendment (including repeal) to these notified rules and also of any new
national safety rules.

Annex Il of Railway Safety Directive [2], describes the national safety rules that shall be
notified. These are:

1. Rules concerning existing national safety targets and safety methods.

2. Rules concerning requirements on safety management systems and safety certification of
railway undertakings.

3. Common operating rules of the railway network that are not yet covered by TSls, including
rules relating to the signalling and traffic management system.

4. Rules laying down requirements on additional internal operating rules (company rules) that
must be established by infrastructure managers and railway undertakings.

5. Rules concerning requirements on staff executing safety critical tasks, including selection
criteria, medical fithess and vocational training and certification as far as they are not yet
covered by a TSI.

6. Rules concerning the investigation of accidents and incidents.

It should be noted that rules, which wholly concern requirements set out in TSIs in force, do not
need to be notified.

2.1.6.2 Company and Voluntary Rules

Company / voluntary rules are those controls that are put in place by an organization, usually in
addition to national rules. Their purpose is normally to improve business or safety performance,
or to otherwise secure some benefit from their adoption.

2.1.7 Regulations for Transport of Hazardous Materials
2.1.7.1 RID Regulations

The RID regulation specifies under what conditions various materials are allowed for
international transport by rail. The conditions comprise:

« Classification of goods.

* Packaging requirements.

e Tank usage including filling of tanks.

e Information and marking requirements.

* Requirements regarding testing and approval of packaging materials and tanks.
e Use of transportation modes (including loading, co-transportation and unloading).

The RID regulations are not concerned with railway technology and railway operation apart
from tank design, and information and marking requirements.

2.1.7.2 National and Company Regulations

In addition there can be stricter regulations and requirements relating to transport of dangerous
goods at a national and company level for instance with regard to shunting restrictions on
wagons with dangerous goods including tank wagons with hazardous materials.
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Chemical companies or train operators might have stricter regulations with regard to various
form of shield protection of tank wagons. IMs and RUs might have restrictions on shunting
operations. For example, in Scandinavia and Central Europe very dangerous goods are
excluded from shunting humps, for instance chlorine whereas this is admitted in some Baltic
countries.
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3.0  Description of the Train Derailment ° Problem
3.1 Railway System Elements
The railway transport system consists of:

« A fixed infrastructure comprising train formation yards, track, power catenaries, signalling
and telematics system for communication.

¢ A number of transport units consisting of traction equipment and load carrying units (rolling
stock) normally coupled into trains of a certain length.

e Operational personnel in an organizational structure that ensures qualified personnel as
well as appropriate operational procedures and information management for handling the
trains on the relevant infrastructure in a safe manner.

The essence of a safe railway operation is to manage the following tasks:

1. Ensure structural and functional integrity of the infrastructure and its subsystem,

2. Ensure structural and functional integrity of the rolling stock,

3. Control of the infrastructure — train interface in terms of wheel — rail guidance.

4. Train operation and management necessary for a safe and effective operation.

The management of all four tasks is important and we will address each of them briefly below.
3.2 Structural and functional integrity of the infrastructure

Important elements to avoid derailments are the integrity and functionality of the track and the
provision of a free train profile as well as the functionality and safety of the signalling system.
This includes:

e Integrity of the substructure, e.g. integrity of bridges and tunnels avoidance of subsidence
etc.

* Integrity of the superstructure including track, rails, points (turnouts), sleepers, rail fastening
equipment etc. Safety critical failures can be track buckles, rail ruptures, worn rails, broken
sleepers, lost or damaged rail fastenings, etc.

* Functionality and safety of the signalling system with regard to clear and correct train
driving information, movement allowances and operational speed along the line.

Each of the above groups is briefly described below:
3.2.1 Substructure Failures

The substructure consists of the structural earthworks for the railway, bridges and tunnels and
provides a basis for the rail superstructure. It also includes the side terrain as far as is
necessary to ensure the safety of the rail infrastructure. Substructure failures which can cause
derailments are:

e Structural earthworks eroded and washed away due to flooding of rivers and streams
crossing or running parallel to the railway.

° According to the EU definition of Common Safety Indicator a derailment occurring after a collision is
allocated to the collision category. Consequently measures preventing the occurrence of collisions are
not considered further in this report. For this reason measures P-3, P-4, P-5 and P-17 are no longer

considered.
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e Subsidence of earthwork and superstructure ballast due to water accumulation and high
water level in the earthworks due to insufficient drainage.

e Structural collapse of bridges and tunnels.
e Frost heave in cold countries.

Protection against external hazards as well as inspection and maintenance of track drainage
and side terrain are important activities to avoid derailments.

3.2.2 Superstructure Failures

The superstructure consists of the top ballast layer, the sleepers, rail fastenings and the
running rails. Points and rail crossings also belong to the superstructure. Superstructure
failures that can cause derailments are among others:

* Ruptures and excessive wear of main rails, switch rails and joint bars.
* Broken or missing rail fastenings.
* Point geometry failures.

Derailments due to track geometry failures are often an interface problem between track and
rolling stock are discussed in Section 3.4.

3.2.3 Signalling and Train Control Equipment

Failure and insufficient functionality of the signalling and train control equipment can also be a
cause of derailment with ambiguous signalling information or points being allowed to operate
while a train is passing or located on top of the point.

3.3  Structural and Functional Integrity of the Rolling Stock

Important elements to avoid derailments are the integrity and functionality of the rolling stock.
This includes:

« Integrity of the rolling stock running gear including wheelsets (wheels, axles and bearings),
suspension and bogie structure. Typical safety critical failures are ruptures of axles and
wheels, suspension failures in terms of broken or locked springs or sheared bearings.

« Integrity of the wagon or load carrying units, frame and load bearing capability. Typical
safety critical failures are wagon frame twist, failure of load bearing elements, buffer failure.

* Integrity of train braking equipment. Typical safety critical failures in relation to derailment
are: brakes are that non-operational or partly operational only, brakes that do not release
and overheat the wheels or braking equipment falls off the wagon.

3.3.1 Wheelsets and Bearing Failures

The most critical components in relation to train derailment are wheelsets and bearings, and
the following types of failures may occur:

e Sheared or increased friction in bearing causing overheating of the axle box and rupture or
shearing of the axle journal (i.e. the parts of the axle that are outside of the wheel). This
type of failure can be discovered by trackside detectors (hot axle box detectors or acoustic
bearing failure detectors). If a bearing is damaged a hot axle box can develop very quickly.

* Rupture of axle shaft or axle journal due to fatigue. This type of failure is often initiated by a
mechanical scratch to the axle material or a corrosion attack due to a fault or mechanical
damage to the corrosion protection layer of the axle. The crack initiation is slow but maybe
difficult to detect unless it has a visible cause. Once the crack has grown to a size that can

Master - Final Rev 1.doc MANAGING RISK | ]

Reference to part of this report which may lead to misinterpretation is not permissible




21 July 2011
Freight Train Derailment: Part A Final Report Rev 1 Page 11
European Railway Agency DNV

easily be detected, the further growth can be fairly rapid. Detection and correction of
possible crack initiation points are therefore essential.

This type of failure will normally not be detected by hot axle box detectors or any other type
of trackside detectors at the moment, at least not if the crack is located in the axle shaft
(i.e. between the wheels). Thorough NDT-inspection of the axle is necessary.

* Wheel failure. The most common type of wheel failure that may cause derailment is various
out of roundness failures such as wheel flats, wheel tread wear and shelling, oval wheels,
wheel profile failure etc. By themselves they seldom cause derailments, but wheel flats,
wheel tread failures and out of roundness of wheels may increase the load on the bearing
whilst wheel flats may also rupture rails, in particular under cold weather conditions. Wheel
profile failures in combination with difficult track geometry is a common contributor to
derailments.

« Wheels can be of two types either monoblock wheels where the entire wheels is forged in
one piece, or as a composite wheel with a separate rim and an outer tyre which is shrink
fitted on the wheel.

» For composite wheels the tyre can come loose and move sideways on the rim affecting
the wheel width of the axle and cause derailment, or it can break and fall off or come
loose entirely with the same result. Wheel tyre heating due to strong braking action can
cause the tyre to move on the wheel rim. Composite wheels have therefore been
removed from operation in some countries with mountainous lines where prolonged
braking action is required. Rim and tyre wheels should normally be marked so that any
relative movement between the wheel and rim can easily be discovered.

» For monoblock wheels a rupture of the entire wheel may occur either due to a material
failure or mechanical defect initiating a crack. Heating of the wheel tread by strong
braking action can contribute to wheel rupture.

6

Figure 3: Example of a Bearing Failure

® Picture from Eisenbahn-Unfallsuntersuchungsstelle des Bundes Jahresbericht 2009 (pdf/671-KB)

Jahresbericht 2009
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3.3.2 Wagon Frame and Wheel Suspension Failures

The twisting flexibility of a wagon frame and the suspension is important in order to avoid
unloading of a wheel in a twisted track in transition curves. There are requirements relating to
the flexibility of railway wagons and suspension to ensure that the wheels are not unloaded
under normal track conditions. Further the suspension shall dampen forces to the track from
wagon movements.

Failures that can cause derailments are ruptured suspension springs or wagon frame twist. In
particular wagon frame twist can be difficult to discover during visual inspection.

3.3.3 Brake Failures

Failures of train brakes and inappropriate brake actions can cause derailments of freight trains.
The most obvious is if the train cannot be braked and is unable to adhere to signals or speed
reduction signs along the line, and if the train is in a steep descent a runaway train may be the
result. In order to avoid such situations there are requirements for brake testing prior to
departure in all railway operations.

Failures of brake action of a single wagon is not considered critical and hence it is not
uncommon that brakes of a single wagon are closed off if there are some failures with the
brake equipment e.g. brake blocks missing or brake blocks not meeting minimum thickness.
Further, if the brakes of a wagon do not release properly it is a cause for closing the brakes of
the wagon as locked wheels can cause wheel flats that can damage the rails.

The braking force of the individual wagons is adjusted according to the loaded condition of the
wagon, either by automatic weighing valves or by a manual handle. The speed of brake
application and the braking profile according to train speed can also be adjusted by manual
handles on the side of the wagon with 3 possible positions G, P & R. Normally the brakes of
wagons in freight trains are operated in position P apart from the locomotive and first wagons
in long trains that have to be operated in brake position G.

Application of the brakes of a freight train is controlled by manipulating the drivers brake valve
in the front of the trains and reducing the pressure in the brake pressure line. The speed of
brake signal transmission is governed by the speed of sound in the pressure main and the
minimum transmission speed according to UIC 540 is 250 m/s. Freight train length of
approximately 800 m are allowed in some countries e.g. Denmark. Hence, the brake
application in the front may occur more than 3 seconds prior to the brake application in the rear
of the train. This will cause strong compression forces in the train that can cause derailment in
sharp curves or if brakes are applied in deviated train routes across stations. The requirement
for putting the brakes of the locomotive and the forward wagons in brake position G is thus
often used to limit the compression forces as G is a slow brake action position.

3.4  Control of the Interface between Train and Infrastructure
Track geometry failures are the most frequent group of infrastructure caused derailments.

A rail vehicle basically consists of a body supported by secondary suspension on bogies in
which the wheel sets are mounted and dampened by means of primary suspension. Track
guidance of the wheel is achieved in principle by the following two provisions.

 The wheel surface contacting the rail is conical which means that in straight track a
centring force is exerted on the wheel set if there is a slight lateral displacement. The
centring effect promotes a better radial adjustment of the wheel set tyres of the wheel. This
leads to more rolling, less slipping and hence less wear.

e The running surface of the rail wheel has flanges on the inside of the track to prevent
derailment. In case of more considerable lateral displacement both in curves and on
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switches, the lateral clearance between wheel set and track is not sufficient to restrict
lateral displacement adequately by means of the restoring mechanism previously
discussed. Should the wheel flange touch the rail head face high lateral forces and wheel
and rail wear will occur and steep flanges may be a cause of derailment.

3.4.1 Derailment due to Track Twist

A derailment due to track twist occurs when there is a high horizontal guiding force between
wheel and rail and a reduced vertical load that is insufficient to prevent the wheel flange from
climbing the rail. A horizontal guiding force always occurs in curves and a reduced vertical load
can occur due to track twist or insufficient torsional flexibility of the wagon frame and
suspension (springs).

Track twist occurs as a designed and constructed feature of the railway track in transition
curves leading into and out of a circular canted curve or due to uncorrected faults in the
trackbed. Factors that contribute to unloading of wheels in twisted tracks are:

* Increased horizontal guiding force due to tight curve.
¢ Low wheel loads due to empty or partly loaded vehicles.
« Torsionally stiff vehicles in particular if they have a long wheel base.
» Skew loaded vehicles:
0 Low train speed.
0 High friction conditions associated with dry rails.

0 Another unfavorable factor can be compression forces in the train due to uneven
braking along the train and strong braking in the front of the train.

Derailment due to track twist is therefore complex phenomena not always easy to control under
all operational conditions, but generally it is most likely to occur at low speed.

3.4.2 Derailment due to Height Failure (cyclic tops)

Height failures in the track can cause derailments, in particular if there are regular undulations
in the track causing excitation of the wagon suspension. Such failures may not be discovered
by local static measurements. A derailment due to height failure (cyclic top) can also be caused
by single dip followed by a top. Such conditions may develop in track passing one or more
points if the substructure is weak. Derailments due to height failures or cyclic tops normally
occur at high speed. Speed reduction is a relevant risk reducing measure.

3.4.3 Derailment due to Excessive Track Width

If the dynamic track width becomes excessive one of the wheels can fall below the rails. This
occurs most often where the track superstructure and rail fastening is weak, either with lost
fastenings or old wooden sleepers not giving good support for the fastening. This is most likely
to occur on track that has not been given sufficient priority in maintenance, either on sidelines
or in sidetrack at the stations. Speed reduction may decrease the derailment risk.
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7

Figure 4: Example of a Track Width Failure

3.4.4 Derailment due to Heat Buckles

Heating of the track may cause sudden buckles (heat buckles or sun curves) of a continually
welded track. They occur abruptly, often while train is passing, and can cause very serious
derailments. They occur most likely in curves and close to a fixed point in the track. It is
mitigated by controlling the track temperature or track stresses during construction and the
position of the track. Rail creep due to braking and/or traction can contribute to developing heat
buckles.

8

Figure 5: Example of a Heat Buckle

3.5 Train and Infrastructure Operation

Operational actions and omissions by RUSs, train operating staff, rolling stock operators as well
as infrastructure traffic controllers can influence the risk of derailment in many ways as
indicated below:

" Picture from SHT Report 2009/05: Derailment of train 5505 25.07.2008 between Hval & Hgnefoss
® Picture from SHT Report 2007/11: Derailment at R&de on Jstfoldbanen
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* By inappropriate loading of wagons, i.e. skew loading or insufficient fastening of
transported loads.

e By unfortunate train composition with uneven train load and train brake distribution.
* By insufficient train inspection and brake testing.

» Switching of points whilst the point is occupied by a train.

* By mishandling of train on route by train driver.

The derailments classified as operational failures include a very wide variety of causes by
different actors. Inappropriate loading is one common derailment contributory factor and is
discussed in more detail below.

3.5.1 Loading Failure

Restrictions apply in every country with regard to maximum allowed load of a wagon as well as
lateral and longitudinal load distribution.

Among the applicable restrictions are:
« Maximum axle load, both in relation to rolling stock and infrastructure limitations.

e Longitudinal and lateral load distribution in the wagon, in particular is the lateral load
distribution important and an allowable restriction with respect to load distribution.

* Requirements for securing of loads against movement along the route.

According to the regulations of most RUs the loading should be controlled by adequate means
before train departure. However, an increased use of containers and swap bodies makes it
difficult to control the load distribution. An increased use of large front wheel loaders for loading
of hopper wagons also represents a new challenge with regard to controlling against skew
loading, as loading of hopper wagons by front wheel loaders can cause significant skew
loading. Due to a high centre of gravity this can be particular critical under certain track
conditions. Below is a picture of a skew loaded hopper wagon which is a typical example

9

Figure 6: Example of a Skew Loaded Wagon

2 Wl Lz ais e

° Picture from
http://versa.bmvit.gv.at/uploads/media/17.11.2008_Entgleisung_Z47107_in_Unter_Purkersdorf_02.pdf
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3.6  Organisational Failures

Finally, underpinning the causes discussed above, and influencing their likelihood, is the
organisational structure of IMs, RUs and other actors. We have mentioned the types of
controls in place in Section 2.

Failures of these organisational controls may include:
» Inappropriate adherence to operating procedures.
* Lack of / inappropriate maintenance.

e Failure to learn lessons from previous incidents.

« Poor safety culture.

Whilst such failures are difficult to quantify numerically, they contribute to many of the
derailment causing failures described above.
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4.0 Existing Measures Addressing the Derailment Pro  blem
4.1  Methodology and Definition

A measure is something that is in place to either reduce the likelihood or minimise the
consequences of a freight train derailment.

A measure is existing if it is “...applied for implementing a given regulation requirement, or
applied on a voluntary basis.” [5]. For a measure to be existing it must therefore be applied in
at least one of the target countries.

We have identified these existing measures through a diverse range of activities that has
included:

1. A first round of direct consultation with IMs, RUs, National Safety Authorities (NSAS),
railway associations and other stakeholders.

2. A second round of direct consultation with research organisations and rail market suppliers
regarding technical measures supplied to the market.

3. Internet research and review of journals to identify specific examples of applied measures.
4. Review of network statements, accident reports and other information sources.

We report specifically on the consultation at Section 4.2 below as this is an important aspect of
this work, and an essential requirement of the Agency work remit.

4.2  The Consultation
4.2.1 IMs, RUs and Other Actors

DNV has identified organisations representing IMs, RUs, and trade associations, inviting them
to participate through responding to questionnaires. The full questionnaires are presented in
Appendix Il for RUs and Appendix Il for IMs. We summarise the question categories below.

Table 3: Measures Consultation Question Categories

Railway Undertakings and Wagon Owners nfrastructur e Managers

. What is currently done to prevent or mitigate freight | o What is currently done to prevent or mitigate freight train

train derailments: derailments:

—  What measures are currently applied and why do —  What devices are used to supervise trains (hot axle
you apply them? box detectors etc) and what is their density? Are these

—  Are the measures you apply effective? installed to meet a requirement (international, national

or company)?

— How is the information provided by these devices
used?

— Are the condition monitoring measures you apply
effective?

— Do you use some form of speed supervision on your
freight lines?

—  What type of speed supervision is used?

. Maintenance: . Design and Maintenance:
—  Who performs maintenance on your wagons and —  For mixed traffic, are the track parameters optimised
locomotives? for passenger or freight?
—  What controls and competency standards are in —  What is the maximum axle load/speed?
place to ensure that maintenance is performed —  What is your preventative maintenance philosophy?
correctly? —  How is maintenance funded and are freight lines given

equal priority?

—  How are conflicts of interest dealt with?

—  What controls and competency standards are in place
to ensure that maintenance is performed correctly?

. Current performance / short term measures: . Current performance / short term measures:
—  What is your experience and what are your views —  What is your experience and what are your views on
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Railway Undertakings and Wagon Owners

Infrastructur

e Managers

on your own performance with regard to freight
train derailments?

—  Where do you consider improvements are most
needed?

—  Are you aware of any new measures that could be
applied in the short term to improve the situation
and what are your views on the costs that might
be associated with these measures?

—  Are there any changes that could be made to
instructions such as TSlIs that you consider would

your own performance with regard to freight train
derailments?

What is the approximate division between derailment
causes by rolling stock, infrastructure and operational
failures?

Are you aware of any new measures that could be
applied in the short term to improve the situation and
what are your views on the costs that might be
associated with these measures?

Are there any changes that could be made to

be beneficial?

instructions such as TSls that you consider would be
beneficial?

. Future advances:

derailments

power to wagons/

— Are you aware of/have plans to test new
technology that could form the basis of a longer
term solution to the problem of freight train

—  What are your views of the provision of electrical

. Future advances:
—  Are you aware of/have plans to test new technology
that could form the basis of a longer term solution to
the problem of freight train derailments

* Other comments

. Other comments

. What is the size and nature of your network:
—  Proportion TEN classified?
—  Proportion mixed traffic/freight only/passenger only?

The consultation exercise has been conducted on a confidential basis, and we are not able to
identify the specific individuals or organisations responding to the questions, however we can
provide the following details relating to responses received.

Table 4: Consultation Question Categories

Country RUs / Wagon | IMs Country RUs / Wagon | IMs
Owner Owner

Austria Yes Yes Luxembourg Yes

Belgium Yes Macedonia

Bulgaria Yes Netherlands Yes

CER Yes Yes Norway Yes Yes

Croatia Yes Poland Yes

Czech Republic Yes Portugal Yes

Denmark Yes Yes Romania

Estonia Slovakia Yes Yes

Finland Yes Yes Slovenia Yes

France Yes Spain Yes

Germany Yes Sweden Yes

Greece Switzerland Yes Yes

Hungary Yes Turkey

Ireland ulP Yes

Italy UNIFE Yes Yes

Japan United Kingdom Yes Yes

Latvia Yes Yes United States Yes Yes

Lithuania Yes Yes

Master - Final Rev 1.doc

Reference to part of this report which may lead to misinterpretation is not permissible

MANAGING RISK




21 July 2011
Freight Train Deraillment: Part A Final Report Rev 1 Page 19
European Railway Agency DNV

In some cases the responses from trade associations provide the views of a number of their
members, some of whom have chosen not to respond individually. The combined coverage
(based only on individual country responses, not trade associations) covers approximately 80%
of the total freight traffic volume in the target countries.

4.2.2 Suppliers and Research Organisations

DNV has sought input from research organisations and organisations supplying the rail market
regarding existing measures, and also market developments and potential future advances.
The mechanism for this has been through questionnaires and targeted interviews.

The full questionnaires are presented in Appendix IV. We summarise the question categories
below.

Table 5: Supplier Consultation Question Categories

Question Category Question Detail (Summary)

Interviewee Details of the role, responsibility of the respondent and the Company they are
responding for

Organisation and products Details relating to the range of products marketed and previous products

Future developments What other types of technical measures are you currently developing?

When will these be available in the market place?

Are you aware of other future developments with respect to technical measures for
preventing/mitigating derailment?

Market What is the primary function / technology associated with the products offered?
Where are they installed?

Are the products employed primarily for passenger traffic, primarily for freight traffic
or both?

What is the existing and potential future market for the products?

What is the market share (financial or quantity)?

Costs and benefits What is the indicative price of a single product?
What are the life cycle costs / requirements for the products?
How should the products be deployed to maximise their benefits?

What operational aspects need to be considered in order to reap the benefits of the
product?

RAM What is the estimated lifetime of the products?

What is the estimated Mean Time Between Failure or other reliability measure of
the products?

What is the estimated Mean Time To Repair or other maintenance measure of the
products?

How will failures of the products be detected? Will all failures of the product be
detected? If not, are these failure modes dangerous?

What is the estimated rate of False Alarms of the product?
What is the in-service reliability performance of this equipment?

What is the actual measured rate of false alarms?

Has the product been approved by relevant safety authorities?

The consultation reported here received over 30 detailed responses for technical measures.
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4.3 Results — What are the Existing Preventative Measures?
4.3.1 Definitions and Clarifications

In the following tables various existing measures to prevent derailments are listed. When some
individual countries are mentioned as employing the measure it does not mean that they are
the only countries (or companies) applying the measure.

We use the term “general railway knowledge” to describe measures that we believe are well
known and accepted in the industry, and would be acknowledged by rolling stock or
infrastructure engineers as having a positive effect on reducing the probability of derailment.

Some general measures, like hot axle box detectors and various type of wheel load detectors
have several suppliers and use different technologies. In such cases only the generic type is
mentioned.
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Table 6: Infrastructure Preventive Measures

development. For further info see 4.3.3.2.

Type of P# | Measures and motivation: Where applied: Source for
measure Information:
Technical P-1 Installation of check rails to prevent derailments, in particular in sharp curves, as it will hinder | In points in most countries. In | Network Rail Track
infrastructure flange climbing on outer rail in sharp curves. Check rails are also used in other conditions line track with sharp curves construction standard,
and have a wear reducing effect also. For further info see 4.3.2.1 GB and republic of South NR/SP/TRK/102
Africa.
P-2 Installation of track and flange lubrication in front of track sections with narrow curves to Several countries including Ref. [6]
reduce rail flange friction and limit the risk of flange climbing on rail with subsequent Austria. Great Britain
derailment consequences. For further info see 4.3.2.2. See also flange lubrication measure
on rolling stock (locomotives) 4.3.5.1.
P-3 No longer used
P-4 No longer used
P-5 No longer used
P-6 Use of ground penetration radars (Geo radars). Ground penetration radars are used to Several countries including Ref. [7]
survey conditions of track bed superstructure with regard to quality and water content. This US and Norway.
is mainly used through ad hoc baseline runs to provide information for planning of
maintenance and renewal, but permanent installations can also be considered. For further
info see 4.3.2.3.
P-7 Rolling stock mounted equipment for monitoring of rail profile conditions. For further info see | Mermec supplied equipment Mermec brochure [8]
4.3.2.6.
Infrastructure; P-8 Track circuit as part of signalling system may detect rail ruptures. For further info see 4.3.2.4 | Most countries General railway
Control knowledge
Command and | P-9 Interlocking of points operation while track is occupied. This is not fully implemented at The protection measure is Several derailments
Signalling shunting yards. Hence a number of derailments occur due to points being operated while it utilised and applied in most reported due to shifting
is occupied by a train. This action very often causes derailment. Extend use of interlocking of | countries. The degree of of point while occupied
remote controlled points to include tracks at shunting yards used for train movements. application of point by train.
Interlocking of switch movement if the switched is occupied by rolling stock. For further info interlocking at shunting yards
see 4.3.2.5 varies.
Trackside P-10 | Installation of hot axle box (hot bearing) detectors for detection of faulty and hot bearings Several European countries. Questionnaire
rolling stock and axle journals in order to remove them from train prior to derailment. For further info see responses
supervision 4.3.3.1.
. P-11 | Installation of acoustic bearing monitoring equipment (This is partly an alternative to hot axle | US, GB, Norway (installation Questionnaire
_Tracksu_je box detectors). The purpose of the installation is to detect faulty bearings by sound analysis | plans) responses & Ref [9]
Isnusgilrl\?it:;ns to and implement bearing maintenance prior to bearing seizure and hot temperature
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Type of P# | Measures and motivation: Where applied: Source for
measure Information:
rolling stock P-12 | Installation of hot wheel and hot brake detectors. For further info see 4.3.3.3. Several countries. Network statement,
Questionnaire
responses
P-13 | Installation of wheel load and wheel impact load detectors. For further info see 4.3.3.4. Several countries. Network statement,
Questionnaire
responses
P-14 | Installation of dragging object and derailment detectors. For further info see 4.3.3.5. US and other countries Ref [9]
P-15 | Bogie performance monitoring/Bogie lateral in-stability detection (bogie hunting). For further | US and other countries, Ref [9]
info see 4.3.3.6. including Turkey.
P-16 | Wheel profile measurement system / Wheel profile monitoring unit. For further info see US and other countries Ref [12]
4.3.3.7.
P-17 | No longer used
Infrastructure P-18 | Make sure available maintenance resources are sufficient in relation to network extent and Low traffic line closure has General railway
Operational/ traffic levels. If not possible to ensure sufficient resources a measure could be to close low been common in several knowledge
organisational traffic lines or take little used tracks out of operation. Lines and tracks where the minimum countries.
infrastructure safety requirements cannot be maintained should be closed down. For further
info see 4.3.4.1
P-19 | Ensure that the track/train clearance gauge including the flange groove is free of Normal inspection and Al final draft report
obstructions that can cause collisions or derailments. Special focus to flange groove in level | maintenance in most reviewer
crossings. For further info see 4.3.4.2. countries.
P-20 | Perform ultrasonic rail inspection of track at sufficient frequency in order to detect rail cracks | The activity is performed by General railway
before dangerous ruptures occur. This is an activity carried out by most infrastructure most infrastructure managers. | knowledge
managers with frequencies dependent upon rail age and traffic loads. For further info see Frequency varies according to
4.3.4.3. track loading.
P-21 | Perform track geometry measurement of all tracks in order to detect track sections Most infrastructure managers | Accident investigation
requiring maintenance actions. Regular track geometry measurements are carried out by but frequency may vary. reports
most infrastructure managers. The completeness of the measurements with respect to track | Mixed coverage of sidetracks.
coverage at stations as well as intervals may vary. Frequency normally dependent upon
traffic load and allowable speed level of track. For further info see 4.3.4.4.
P-22 | Establish EU-wide intervention and/or immediate action limits for track twist. The final draft Lack of consistency between Final draft TSI CR Inf.
TSI for CR Infrastructure specifies safety limits for track twist but intervention limits are left to | countries, e.g. GB & Norway Ref.[10] & RGS
the NSA or infrastructure managers of the various countries and they vary to a certain with regard to track twist GC/RT5021 [11]
extent. Since the rolling stock are to be interoperable across all infrastructures the track intervention limits.
intervention limits should also be corresponding. For further info see 4.3.4.5
P-23 | Establish EU-wide intervention and/or immediate action limits for variation of track gauge. Variation in maximum gauge Final draft TSI CR Inf.
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Type of P# | Measures and motivation: Where applied: Source for
measure Information:
Present limits varies among infrastructure managers and the intervention limit specified in width between countries and Ref. [10] & RGS
the final draft TSI for CR Infrastructure is less stringent than what is presently applied in towards TSI CR INF. GC/RT5021 [11]
many countries. For further info see 4.3.4.6.
Infrastructure P-24 | Establish EU-wide intervention and/or immediate action limit for cant variations. In addition it | Swiss & Norwegian track Swiss & Norwegian
Operational/ should be considered to introduce a limit for excessive cant in track positions where trains regulations track regulation, [12,
organisational are likely to stop or operate at low speed. Many derailments occur in track sections with 13, 14]
narrow curves and high cant at low speed. For further info see 4.3.4.7.
P-25 | Establish EU-wide intervention and/or immediate action limit for height variations and cyclic GB and Norway at least. RGS GC/RT5021 [11]

tops which does not exist in Final draft TSI for Conventional rail infrastructure. For further
info see 4.3.4.8.

and Norwegian track
regulation [15]

Table 7: Rolling Stock Preventive Measures

Type of P# | Measures and motivation: Where applied: Source for
measure information:
Rolling stock P-26 | Flange lubrication of locomotives. Requirement for installation of onboard lubrication of US, Austria, Switzerland, Requirement specified
technical or locomotive flanges to be able to provide necessary track/flange contact lubrication. The Norway and others in Network Statement
structural measure must be seen in relation to the application of trackside installed lubrication in of SBB [16] & BLS [17]
curves. Reduces friction available for wheel flange climbing. For further info see 4.3.5.1.
P-27 | Replace composite wheels with monoblock wheels. Composite wheels have a more Several countries or General knowledge
complex inspection and maintenance requirements and seems to have a higher failure rate companies are prohibiting use
causing derailments. For further info see 4.3.5.2. of composite wheels for new
and existing rolling stock.
P-28 | Replace metal roller cages in axle bearings by polyamide roller cages. For further info see CargoNet & DB Schenker SHT Investigation
4.3.5.4. freight wagons. report [18]. EUB
Jahresbericht 2009
[19].
P-29 | Replace existing axles for stronger axles or axles with improved material properties with VTG exchanges axles for tank | Railway Gazette
regard to crack initiation and crack propagation. For further info see 4.3.5.3. wagons International [20].
P-30 | Increase the use of central coupler between wagons in fixed whole train operation. With an Australia, US, former USSR General railway

integrated draw gear and buffer function in a central coupling the rolling stock side buffers
becomes superfluous. This will reduce side buffer loads and reduce risk of derailment due to
buffer locking and couples that are too loose or too tight between wagons. For further info
see 4.3.5.5.

including Baltic states in EU.
1520/24 mm gauge lines in
Eastern Europe. Train for iron
ore transport from Kiruna

knowledge
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Type of P# | Measures and motivation: Where applied: Source for
measure information:
towards Narvik and Luled
P-31 | Increase the use of bogie wagons instead of multiple single axle wagons with a long wheel US & Europe General railway
basis. For further info see 4.3.5.6. knowledge
P-32 | For new rolling stock install disc brakes instead of wheel tread brakes. Major motivation may | Employed for many new General railway
be less noise in relation to Noise TSI, but also less heat activation of wheels, which may wagons and is the dominating | knowledge
reduce derailment risk. For existing rolling stock, exchange wheel tread brakes with disc brake type for new passenger
brakes for existing rolling stock. For further info see 4.3.5.7. rolling stock
P-33 | Rolling stock should be designed to operate safely over a track twist of up to 17 per mille Republic of Ireland and TSI for freight wagons
over a 2.7 m base, and up to 4 per mille over an 11.2 m base. This will reduce derailment Northern Ireland Specific case item
frequency due to track twist. Further info in 4.3.5.8. 7.2.2.4.5. Ref. [21]
P-34 | Secure brake gear located in the underframe of the wagon to ensure that braking Sweden, Norway and Questionnaire
components that become loose does not fall to the ground and cannot provoke a derailment. | Germany and possibly other response
For further info see 4.3.5.9. countries
P-35 | Regular greasing and check of fastening of rolling stock buffers to reduce risk of a buffer Routinely greased and Al final draft report
falling off and causing derailment. Alternatively, strengthen fastening elements. For further inspected in most countries reviewer
info see 4.3.5.10
Rolling stock P-36 | Wheel set integrity inspection (ultrasonic) programs. For further info see 4.3.6.4. Most wagon owner and train Company inspection
Operational / operating companies. and maintenance
organisational standards.
P-37 | Derating of allowable axle loads for type A-l and A-1l axle designs. For further info see Applicable countries, ref Ref [22]
4.3.6.3. recommendation from ERA
JSSG.
P-38 | Inspect axles of freight train rolling stock according to EVIC (European Visual Inspection Most European countries Ref [23]
Catalogue). For further info see 4.3.6.2. Program implemented by
ERA JSSG
P-39 | Requirement for double check and signing of safety-classified (S.-marked) maintenance Norway Questionnaire
operations. For further info see 4.3.6.5. response
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Table 8: Preventive Measures applied to Train Loadi

ng and Operation

Type of P# Measures and motivation: Where applied: Source for
measure information:
Train loading/ | P-40 | Qualified and registered person responsible for loading. The person must show sufficient Spain & Bulgaria Questionnaire response
human competence and be registered by the train operator. For further info see 4.3.7.1
Pre-departure | P-41 | Locomotive and first wagons of long freight train in brake position G (Lange locomotive). For | Germany, Austria and DB Netz AG; Richtlinie
inspection and further info see 4.3.7.2 Switzerland, as well as Zige fahren und
brake settings/ . . . . . ' Norway and Sweden to a Rangieren [24]
human Various countries have operational requirements that the locomotive and the first wagons of lesser degree.
a train shall be put in brake position G to limit the compression forces of the train when Accident reports
braking with the pneumatic activated train brakes.
Train P-42 | Limitations on use of brake action in difficult track geometry, particularly at low speed, to Switzerland, Austria & Austrian Accident report
operations/ avoid high compression forces of train that could cause buffer locking and derailment possibly other countries into derailment at 8" of
human: (includes re-generative braking). For further info see 4.3.7.4. April 2009 [25]. Swiss
FDV [26].
P-43 | The ATP-system of some countries including Norway, Sweden and Finland, called ATC, has | Sweden Trafikstyrelsen JvSFS
a function to perform a dynamic brake test on the route to get actual test information with 2008:7 bilaga 11 [27].
regard to the train braking performance. For further info see 4.3.7.3.
P-44 | Saw tooth braking should be applied when using pneumatic brakes to limit speed in long Switzerland Schweizerische
and steep descents in order to limit heat exposure to wheels. For further info see 4.3.7.5 Fahrdienstvorschriften
[28]
P-45 | When passing a sighal showing a reduced speed, the driver should initiate the braking or Switzerland SBB Regulation;
speed reduction action prior to passing the signal. This could reduce the risk of over- Infrastruktur R 301.11
speeding in track deviations. For further info see 4.3.7.6 Bremsen 300.14 - Punkt
14.2.
P-46 | Trafikverket in Sweden (former Banverket) has recently issued a new regulation for how Sweden BV regulation BVF
various alarms should be handled. Traffic controllers and drivers should not be allowed to 592.11 [29].
override detector alarms. For further info see 4.3.7.7.
P-47 | Wagons equipped with a balance to detect overload in visual inspection. Switzerland Questionnaire response
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4.3.2 Infrastructure Installed Technical Measures to Limit Derailment Risk
4.3.2.1 Application of Check Rails in Narrow Curves

Check rails are installed to guide the wheels in rigid crossings and point crossings. Check rails
may also be installed in sharp curves to prevent derailments as it will hinder flange climbing on
the outer rail in sharp curves, In some countries (e.g. Germany) check rails may also be used
to give an additional safety against derailment when the track is passing safety critical
installations such as supports of overhead bridges.

A picture from the Republic of South Africa taken from Voest Alpine web page shows how
check rails can be applied in curved line sections [30].

Figure 7: Example from RSA showing Check Rail insta  llation in Curved Track

/

track in passenger lines with a radius of 200 metres or less should be fitted with a check rail to
reduce the risk of derailment.

Other infrastructure managers also install check rails in difficult track geometries, but the
degree of application varies. Check rails can also be a cause of derailment in some
circumstances, in particular with an excessive track width, so check rails require tight control of
the track width.

Check rails should not be confused with guard rails (M-5) that are installed to limit the

consequences of a derailment, see Section 4.4.1.
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4.3.2.2 Application of Track or Flange Lubrication at Selected Track Positions

Lubrication of the flange and track contact point is an important measure to reduce the friction
between rail and wheel flange and hence reduce the risk of derailment in difficult track
geometries, i.e. in narrow curves or track sections with high cant and/or high twist. Normally
the lubrication is obtained by lubrication of the wheel flange of traction units.

For track sections where this is not deemed sufficient, for instance in deviated routes at
turnouts, trackside flange or track lubrication points can be installed to provide the necessary
lubrication. Lubrication can also be provided by special track lubrication train runs at regular
intervals or under dry weather or hot temperature conditions.

Below is a picture of a track installed lubrication installation [31], and test results [32] showing
the effect of lubrication of the track flange contact point.

The reduced lateral track force in narrow curves should cause less wear, less noise and less
risk of derailment.

Figure 8: Track mounted lubrication installation an d test results from narrow curve
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4.3.2.3 Subsidence and Ground Instability Detection

Ground penetration radars are used to survey conditions of trackbed superstructure with
regard to quality and water content [7] and [33] This is mainly used through ad hoc baseline
runs to provide information for planning of maintenance and renewal, but permanent
installations can also be considered in places where the railway is located on unstable ground
that is considered exposed to high water level in substructure, subsidence or landslides.
Certain types of ground instability detectors can be installed which will detect high water levels
subsidence and landslides outside of acceptable limits.

4.3.2.4 Track Circuits to Detect Rail Ruptures

Track circuits are applied in the signalling system of most IMs. Track circuits will detect some
type of rail ruptures and prevent signals from being set for a track section with a ruptured rail,
hence preventing derailments. However, supervision for rail ruptures is not the main purpose of
the track circuit and there are several types of rail ruptures the track circuits cannot detect.
Track circuit systems for detection of track occupation are to an increasing degree being
replaced by axle counters of many IMs. Axle counters are not able to detect track ruptures.
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4.3.2.5 Interlocking of Points Operation while Track Occupied

Points at main lines and at main tracks at stations are normally interlocked to prevent operation
of the point while the point section of track is occupied by rolling stock. This is not fully
implemented at shunting yards even at tracks being used for train movements. Hence a
number of derailments occur due to points being operated while occupied by a train. This
action very often causes derailment. An existing measure is interlocking of remote controlled
points to include track at shunting yards used for train movements in such a way that the
switch can not be moved while the switch is occupied by rolling stock.

4.3.2.6 Rolling Stock Mounted Equipment for Rail Profile Measurement

Suppliers are marketing rail profile measurement systems that can be mounted on commercial
rolling stock and used for continuous supervision of track geometry and measurement of rail
wear. According to the supplier the monitoring results are equally good as those that can be
obtained by special measurement cars and trains with the advantage of more frequent
measurements.

This technology incorporates the latest laser and video camera technology to provide
accurate and immediate report on the profile and wear condition of the rail whilst travelling at
track speeds. The video cameras capture full cross-sectional rail profiles from the base/web
filet area up to the top-of-rail surface to allow comprehensive and accurate rail
measurements [8].

The equipment installed on commercial rolling stock is an alternative to separate
measurement runs by inspection wagons.

4.3.3 Trackside Installations to Supervise Rolling Stock
4.3.3.1 Hot Axle Box/Bearing Detector (HABD)

High temperature in the axle box or the bearing of an axle may be a sign of a mechanical
structural defect under development. This can be in the form of high friction in the bearing or a
developing rupture in the axle journal. By monitoring the temperature of axle boxes, a failure
state of the bearing may be detected and an alarm raised either to the train driver or to the train
control centre. Hot axle box detectors for freight trains are normally located along the track
monitoring the temperature of axle box of all passing trains. Axle box monitoring devices can
also be located on the vehicle, continuously monitoring the temperature of the axle boxes, but
this is normally not applied on freight trains as the individual freight wagon does not have any
electricity to power such monitoring equipment. Wayside detectors usually consist of one or
more thermal sensors continuously measuring infrared radiation, and should be capable of
detecting both normal temperature and high temperature axle boxes.

Combined with an axle counting feature it can identify which train axle has an excessive
temperature and once the train has passed the detector it transmits this information to the train
control centre or the train driver directly. If the hot axle box detector is combined with a vehicle
identification system the information about axle temperature can also be transmitted to the RU
or owner. This is mainly useful if the detectors are networked and a temperature trend can be
identified. Some systems will calibrate measurements with the ambient temperature.

Normal requirements to the site localisation for a hot axle box detection installation are:
» Track to be level, avoiding inclines.

« Track to be straight, avoiding curved area.

- Away from tunnel and cuttings.

« Ease of access for construction and maintenance.
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» Suitably located to permit train regulation on alarm activation, i.e. to allow trains to be
stopped at a siding were possible so it does not affect mainline traffic.

Hot axle box detectors are commonly used in the European railways. The number of axle box
detectors installed can be quite high. Here are some approximate figures taken from
guestionnaire responses, network statements and other sources:

- US: around 6000 detectors.
- Germany: around 460 detectors.
- GB: around 200 detectors.
«  Switzerland: around 80 detectors.

Hot axle box detectors are also frequently installed in Austria, Sweden and Finland.

Not all countries use them with similar frequency. They are not installed in Slovakia nor are
they particularly frequently installed in the Netherlands or Denmark. In Denmark they are only
installed in front of the Great Belt tunnel and in the Netherlands they are installed on the new
high speed line from Amsterdam towards Antwerpen and in the new Betuwe freight route from
Rotterdam to the German border.

In the TSIs developed for harmonisation of the European railways it is only the TSI for Safety in
Railway Tunnels that makes hot axle box detectors mandatory. They require that “line-side hot
axle box detection or predictive equipment shall be installed at strategic positions on networks
with tunnels so that there is a high probability of detecting a hot axle box before the train enters
a tunnel and that a defective train can be stopped ahead of the tunnel(s)”. Other TSIs specifies
the geometrical features of a hot axle box detector, i.e. where the detectors should look for
increased temperature.

Hot axle box detectors are not a foolproof measure. Firstly, the damage and the associated
temperature development can be so fast that a derailment occurs prior to the development
being detected by a hot axle box detector. Secondly, when an alarm is raised, the train has to
slow down and stop at a convenient location to let the driver inspect the situation and a
derailment may occur before the train has stopped. Thirdly, when the train is stopped it may
take some time until the driver is able to move to inspect the axle box in question and the
temperature might have dropped in the meantime and nothing is detected and the journey is
continued. Once the train is moving again the situation reappears and a derailment occurs.

4.3.3.2 Acoustic Bearing Detectors

Acoustic bearing detectors are, like hot axle box/bearing detectors, used to detect developing
mechanical structural defects associated with wheel bearings. They are however not based on
temperature measurement, but on the analysis of the sound as wheel sets pass by. The major
advantage over hot axle box detectors is that acoustic bearing detectors are able to detect
developing defects much earlier as such defects will result in increased noise. Acoustic
bearing detectors are placed wayside and consists of a microphone array and a system unit
which analyses the sound and raises an alarm if dangerous defects are detected. Used in
combination with vehicle identification systems, the system may also be used to store
information on individual vehicles and wheel sets in a central database, allowing for trend
analysis and preventive maintenance.

The amount of noise produced by the bearing during deterioration may depend on the design
of the bearing and acoustic bearing detectors may not work equally well for all types of
bearings.

Such systems are used widely on heavy haul railways in China and USA, where such devices

have been a standards requirement for many years.
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4.3.3.3 Hot Wheel and Hot Brake Detectors

Braking can increase the temperature of the wheels and brake pads. In particular this can be a
problem with brakes that have not released and continuously apply braking action. The rise of
temperature may itself be a problem if it leads to structural changes in the wheel material. If the
wheel becomes completely stuck it may skid along the rail resulting in wheel flats etc. Hot
wheel detectors are positioned wayside and use the same technology as hot axle box/bearing
detectors, i.e. thermal sensors measuring the temperature of passing wheels. Used in
combination with axle counting devices or vehicle identification systems, the system is able to
identify the vehicle and wheel of any higher than normal temperatures and raise an alarm.

Cold wheel detectors may in some situations (e.g. if positioned at the bottom of a downward
slope) indicate that brakes have not been applied where they should have been, i.e. that
brakes are defective or working poorly. However, non-operating brakes on a single wagon are
normally not a problem and often wagons may have the brakes locked out if a fault with the
brakes of the wagon has been detected in the train brake test.

Railways that have installed hot axle box detectors often combine them with hot wheel and hot
brake detectors. They are not mandatory by any TSI.

4.3.3.4 Wheel Load Detectors & Wheel Impact Load Detectors

Several different types of wheel load detectors exist. They are installed at various locations in
many countries. In The Netherlands they are used as input for calculation of load dependent
track access charges for rail operators in their “quo Vadis system”.

Wheel load and wheel impact load detectors can be used to detect a range of different faults
with a wagon or its loading:

- By measuring the wheel loads of an axle it can detect overloading of the wheels and axles
or skew loading of the wagon either due to a wrongly applied load in the longitudinal or
transversal direction, a shifted load or due to a wagon or bogie frame twist, suspension or
spring failure.

+  Wheel load detectors can also detect wheel failures in terms of general out of roundness or
more specifically wheel flats and wheel tread damages due to shelling and spalling. As the
wheel moves around this causes wheel impact load on the rail, which again cause damage
to rails (including rail breaks) or increase the temperature of bearings and lead to a hot axle
box.

Wheel load detectors are wayside detectors measuring the size and variations of the load of
wheels as they pass by. Several different technologies are employed depending on the various
faults to be detected. Some use strain gauges, others analyse sound or measure the deflection
of rails between sleepers as trains pass using optical sensors. Accelerometers can also be
used.

If the situation is severe an alarm is raised and the train has to be stopped to check the
wagon(s) that have triggered the wheel load detector alarm, or the train speed may be
adjusted. Used in combination with vehicle identification systems, the RU and/or wagon owner
may receive a message about the out-of-limit characteristics in order for rectifying actions to be
implemented prior to further operation of the wagon.

Wheel load detectors can be combined with hot axle box detectors, but are often installed in
departure tracks from train formation yards. Alternatively, they are installed in main tracks
immediately after train formation yards in order to detect the situation as soon as possible.
Faults can also occur along the route. In general there are fewer trackside wheel load

detectors than hot axle box detectors.
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4.3.3.5 Derailment and Dragging Object Detectors

Derailment and dragging object detectors can be installed to identify if a train has a derailed
axle, or equipment that has come loose from a wagon and is being dragged along the track
between the rails. Such detectors may be installed in front of large stations or structures where
the situation may cause major damage. They are extensively used in the US.

Early dragging equipment detectors were of the "brittle bar" type. Fixed elements between and
beside the rails would break when struck by foreign objects. Their breakage would interrupt an
electric circuit that formed part of the reporting system, and the train would be stopped and
inspected. The introduction of "self-restoring" dragging equipment detectors, which are hinged
and sprung so they return to position after impact, have reduced maintenance requirements for
such installations. Figure 9 shows a typical derailment and dragging object used in the US. If
employed in Europe one has to modify the design to avoid being hit by hanging screw
couplers.

The derailment and dragging object detectors will also detect derailments and are also
included as a mitigating measure.

Figure 9: Typical US derailment and dragging object (and other) detectors *°
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4.3.3.6 Bogie Steering Performance Detectors/Lateral Instability Detection (bogie hunting)

This wayside defect detection system is capable of detecting and identifying train bogies that
exhibit poor performance. This system monitors safety performance in several dimensions
such as: potential of flange climb derailment, gauge spreading, and rail over. This state-of the-
art system has the capability to benchmark bogie performance on a fleet-wide basis. They are
used in the US and at least in Turkey.

1% picture from Transportation Safety Board of Canada Report Number R99T0031,
http://www.tsb.gc.ca/eng/rapports-reports/rail/1999/r99t0031/r99t0031.asp
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4.3.3.7 Wheel Profile Measurement System / Wheel Profile Monitoring unit

Damage to the wheel profile may be a contributing cause to derailments. Whereas wheel
impact load detectors can detect some wheel profile problems, wheel profile measurement
systems provide a more complete picture. They are also based on other technology: analysis
of wayside digital camera images highlighting the profile using lasers or strobe light. A nhumber
of wheel profile parameters are captured, e.g. flange height, flange width, flange slope, tread
hollow and rim thickness. Some measurement systems can operate with trains passing at high
speeds (e.g. up to 140 km/h).

4.3.4 Infrastructure Applied Operational and Organisational Measures
4.3.4.1 Closure of Lines and Tracks

If the available resources are not sufficient to maintain lines and tracks at stations to minimum
safety requirements it is from a derailment and safety viewpoint better to close the lines or
tracks rather than trying to keep lines operational in a state where all safety margins are
removed.

Accident investigation reports from various countries have shown that many accidents occur
due to known infrastructure failures, where there are insufficient resources to make the
required repair, or alternatively that the repair has not been prioritised within available
resources. Such conditions increase the risk of freight derailment and if hazardous materials
are transported on such lines it might be a public risk.

4.3.4.2 Inspection and Maintenance to Ensure Free Clearance Gauge

The clearance gauge should be kept free of obstructions when trains are due to arrive. This is
a general inspection and maintenance task carried out by all IMs. Special focus should be
given to the flange groove at level crossings. If the flange groove is obstructed by hard solid
objects it can cause derailments. Level crossings with rubber elements (Strail) can reduce the
risk.

In countries with severe winters snow or ice can pack in the flange groove and around the rail
during periods of frost during night and thaw during daytime. In particular this can be a risk if
free water seeps over the track, for instance in level crossings. The risk is most severe for
passenger trains.

4.3.4.3 Ultrasonic Rail Inspection Wagon

IMs provide for ultrasonic inspection through the use of various forms of inspection wagons in
order to detect cracks and fractures that can cause rail ruptures. Either the IM owns the
inspection equipment or the inspection is done by contractors. The ultrasound inspection
provides the IM with information with regard to the quality of the rails and the need for ralil
replacements.

The frequency of ultrasonic rail inspections is determined by the IM based on the rail age and
traffic loads on the actual line accounting for available resources and equipment performance.

4.3.4.4 Track Geometry Measurements

Regular track geometry measurements are carried out by most IMs. In order to be reliable they
should be carried out under dynamic load conditions. The track geometry of railway lines is
regularly measured by track inspection wagons or trains which provide dynamic loading to the
track while doing the measurement. Among the geometric parameters measured are:

« Track gauge variations.
« Track cant.
« Track twist.
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« Track height variations.
« Track lateral position faults.

In addition modern measurement wagons can inspect rail surface conditions in terms of rail
wear and various rail surface defects. The completeness of the measurements with respect to
track coverage at stations as well as intervals may vary. Frequency is normally dependent
upon traffic load and allowable speed limit of track.

The frequency of inspection is based on local conditions and environmental factors, ground
stability, line speed and traffic loads accounting for available resources and equipment
performance. Normal frequencies can be 2 to 6 times a year with increased frequency for lines
with more traffic and higher allowable speed.

4.3.4.5 Track Twist Intervention Limits

Excessive track twist is among the most frequent derailment causes often in combination with
other causes such as skew loading, wagon frame twist and low speed in narrow curve with
high cant etc. In many cases where track twist is a major factor leading to derailment the
actual track twist exceeds allowable twist limits, and in some cases the situation has also been
known to those responsible for track maintenance.

Track twist requirements must be looked at in combination with requirements and limitations for
rolling stock flexural stiffness. The ORE B55 RP8 document has analysed the conditions for
derailment, Ref [34].

The final draft TSI for Conventional Rail Infrastructure specifies safety limits (or immediate
action limits) for track twist as follows:

“All TSI Categories of Line

(1) The immediate action limit for track twist as an isolated defect is given as a zero to peak
value. Track twist is defined as the algebraic difference between two cross levels taken at a
defined distance apart, usually expressed as a gradient between the two points at which the
cross level is measured. The cross level is measured at the nominal centres of the rail heads.

(2) The track twist limit is a function of the measurement base applied (l) according to the
formula:

Limit twist = (20/1 + 3)
(a) where | is the measurement base (in m), with 1.3 m 1 20 m,

(b) with a maximum value of 7 mm/m.
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Figure 3: Limit for track twist for all TSI Categories of Line
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(3) The Infrastructure Manager shall set out in the maintenance plan the basis on which it will
measure the track in order to check compliance with this requirement. The basis of
measurement shall include at least one measurement base between 2 and 5 m.

TSI Categories of Line IV-F, IV-M, V-F, V-M, VI-F, VI-M, VII-F and VII-M

(4) If the radius of horizontal curve is less than 420 m and cant D > (R — 100)/2, track twist shall
be limited according to the formula: Limit twist = (20/] + 1.5), with a maximum value between 6
mm/m and 3 mm/m depending on the twist base length as shown in Figure 4.
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Figure 4: Limit for track twist for freight and mixed lines on small curves
”

The above limits specified in the TSI are safety limits that require immediate traffic shut down.
According to recent accident investigation reports several derailments have occurred due to
track twist in tracks within the safety limits specified above.

The TSI specifies that intervention limits shall be developed by IMs or NSAs. Today's
intervention and safety limits for track twist varies somewhat between different countries within
EU.

An existing measure adopted by some IMs has been to impose more stringent limits for these
parameters which suggest a more widespread adoption of harmonised limits may be beneficial.
The reason for this is that rolling stock meeting the TSI for freight wagons is interoperable
through the European Union and hence criteria for track maintenance activities should be
harmonised in order to be able to maintain a high level of safety against derailment due to track
twist. The intervention and safety limits should be viewed in relation to the lubrication status of
the track.

Further, one should make sure that the developed criteria can handle allowable skew loading
conditions of wagons with a certain margin.

4.3.4.6 Immediate Action Limit for Variation of Track Gauge

The immediate action limits for variation of track gauge are set out in the final draft TSI for
Conventional rail are as follows:

Speed [km/h] Dimensions [mm] - Nominal track gauge to peak value
Minimum track gauge Maximum track gauge
V 80 -9 +35
80 <V 120 -9 +35
120 <V 160 -8 +35
160 <V 200 -7 +28
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The above immediate action limit is significantly less rigorous than today’s action limit for many
countries as for instance GB [11] and Norway [15]. A review of the limits may be warranted if
there is a strategy to reduce derailment frequencies. The argument for harmonised limits is as
for 4.3.4.5.

4.3.4.7 Immediate Action Limit for Variation in Cant and Excessive Cant

Action limits for variation in cant relative to design cant is specified in the final draft TSI for
Conventional Rail Infrastructure.

TSI Categories of Line IV-F, IV-M, V-F, V-M, VI-F, VI-M, VII-F and VII-M (Requirements for
passenger lines (P-lines) are excluded as they are not open for freight traffic.)

(1) The in service cant shall be maintained within +/- 20 mm of the design cant, but the
maximum cant permitted in service is 170 mm.

Additional to the above some countries, such as Norway and Switzerland, have general
limitations of allowable excessive cant, specifically at locations where trains are expected to
stop at a signal or drive slowly [13] and [14]. This requirement is of special importance at
locations with narrow curves where trains may have to stop in front of signals and where there
also is high track twist when leaving from transition curves.

4.3.4.8 Immediate Action Limitation for Track Height Variation

Among others, the railways of Norway and Great Britain have intervention limits for variation in
track height. The intervention limits specified in Britain and Norway are relatively consistent,
but with some minor variations. Variations in track height and cyclic tops may cause
derailment, in particular if there are cyclic variations. A report issued in January 2006 as a
result of a research work financed by Rail Safety & Standards Boards identified height
variations and cyclic tops to be one of the most frequent high speed derailment causes [6].

A measure could be that the Final draft TSI for Conventional Rail infrastructure is modified to
include quantitative limitations on height faults. An interoperable rolling stock fleet will benefit
from harmonised track intervention and safety limits.

4.3.5 Rolling Stock Applied Technical Measures
4.3.5.1 Flange Lubrication at Locomotives

In some countries, in particular countries with a high proportion of curved tracks, there is a
requirement to fit main traction units with flange lubrication to reduce the friction of the contact
between wheel flange and rail. Specification for flange lubrication requirement for traction units
and type of lubrication is found in the Network statements of SBB [16] and BLS [17].

Reduced friction between wheel flange and track also reduces the necessary traction force and
energy use on curvy track sections [32]. Other countries with less narrow curves and a more
level network do not apply flange lubrication to the same degree.
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The Austrian railways OBB has the following specification for flange and track lubrication as
introduced in the software of locomotive type “Taurus” [35]:

e “< 20 km/h: no flange lubrication.
« v > 20 km/h normal flange lubrication.

e« Vvin range 73 — 90 km/h for more than 2 minutes: increased flange
lubrication (Mode Berg 2).

« vin range 30 — 72 km/h for more than 3 minutes: strongly increased
flange lubrication (Mode Berg 1)".

Recent accident investigations in Austria [35] have found that the above
lubrication programme may not give sufficient lubrication at localised difficult
track geometries at low speed e.g. at track with reduced speed or in
sparsely used tracks at stations. Added lubrication might therefore be
required at curvy track in the above mentioned speed classes.

According to the TSI for locomotives and traction units there are no
requirements for flange lubrication.

In order for track lubrication to be effective across Europe it should be
considered whether it should be required that freight train traction units employed in
international traffic should be equipped with flange lubrication.

4.3.5.2 Replace Composite Wheels of Freight Wagons with Monoblock Wheels

A composite wheel consists of a wheel rim with an outer shrink fitted ring comprising the wheel
tread and the flange. A tyre retaining ring helps to keep the assembly in place. Composite
wheels have the advantage that the ring can be replaced once it is worn down. A disadvantage
with composite wheels is that the wheel ring can come loose and be displaced, in particular
due to heating in prolonged braking actions. A wheel with a displaced or lost wheel ring is likely
to derail.

Monoblock wheels are forged or rolled from one block and have fewer failure modes, however,
also for these wheels prolonged and excessive heating due to braking can cause material
failure and wheel rupture with consequential derailment. Some RUSs, in particular those with
very mountainous lines, favour monoblock wheels and have completely exchanged all their
composite wheels with monoblock wheels.

An existing measure with extended application is therefore to replace composite wheels with
monoblock wheels.

4.3.5.3 Replace Existing Axles with Higher Strength Axles

The private wagon owner VTG with a large fleet of tank wagons recently made a decision to
replace axles in most of their rolling stock to axles with higher strength according to a notice in
Railway Gazette International of December 2009 [10]. According to the notice all their rolling
stock axles are to be replaced by 2015.

The allowable axle load of the rolling stock is not expected to be increased and the main
reason for the replacement is an increased safety against axle ruptures and derailments.

4.3.5.4 Replace Metal Roller Cages in Axle Bearings by Polyamide Roller Cages

The Norwegian rail freight operator CargoNet decided approximately 10 years ago to exchange
their axle bearings from using brass roller cages to polyamide roller cages [36]. The
implementation of the decision has been by replacement when the wagon and axle boxes are
in for overhaul. The rationale for the replacement was a number of derailments due to hot axle
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boxes and shearing of axle journals prior to the decision being made. The cause of many of the
failures was wheel damage. The polyamide cages were considered less prone to failures due
to vibration impact.

The same measure has recently been recommended by the German National investigation
body, Eisenbahn-Unfallsuntersuchungsstelle des Bundes (EUB) towards Eisenbahnbundesamt
(EBA), the German NSA and the relevant railway undertaking, and has been accepted [19].

11

Figure 10: Fractured Outboard Roller

4.3.5.5 Increase Use of Central Couplers for Wagons in Block Trains

Central couplers are commonly used across the world in North America including USA and
Canada, Australia as well as the Commonwealth of Independent States (former Soviet
republics) including the Baltic Countries. Central couplers are also commonly used in Finland
as Russian rolling stock is often used. In the rest of Europe central couplers are mainly used
for fixed train units for passenger transport, or for freight transport in heavy haul operations,
e.g. the iron ore transport from the Swedish iron ore mines to the ports of Narvik and Lulea. In
rail freight transport operations by fixed block trains with bogie wagons with uniform loading,
central couplers will reduce curve forces and ensure that compression forces occur centrally in
the train. This will reduce the derailment risk.

An existing measure that could be given wider usage is therefore the introduction of central
couplers of 4 axle rolling stock with bogies in block train operation.

4.3.5.6 Increase Use of Bogie Wagons instead of Single Axle Wagons

The rolling stock of the European railways consist of a mixture of single or coupled 2 axle units
with single axles or bogie wagons with 2 or 3 2-axle bogies. Normally, bogie wagons have
better riding quality and a lower derailment rate.

" Picture from report into the derailment of a Tara Mines freight train at Skerries on the 10th of January

2008
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An exchange of single axle wagons for bogie wagons could therefore be a measure to reduce
the number of derailments. This is already applied for most heavy bulk transport applications.
For the transport of light weight goods and lightly loaded containers and swap bodies this is not
the case. For such transport operations, wagons based on single axle wheel allows for a long
loading basis to be obtained with a minimum of weight and cost; whilst this is advantageous
commercially it is not beneficial with respect to minimising derailment risk.

A review of accident reports indicates that these types of cars have an increased derailment
frequency, often in combination with high track twist.

4.3.5.7 Exchange Wheel Tread Brakes with Disc Brakes

Existing fleets of freight wagons are to a large degree equipped with wheel tread brakes
utilising cast iron brake blocks (shoes). Some modern wagons are equipped with composite
brake blocks or disc brakes, mainly due to new noise criteria.

To move the brake action away from the wheel tread, as is the case with disc brakes, also has
a safety advantage as the wheel tread material is less heat affected and increased braking
force can be applied without the risk of overheating the wheels. This may reduce the failure
rate for both composite and monoblock wheels. Application of disc brakes will increase the
torsion loads on axles and the strength of existing axles must be checked before implementing
it on existing wagons.

Disc brakes also have some disadvantages as they does not clean the wheel tread for rub that
may form in the wheel-rail contact if the wheel is locked for a short period.

The measure is applied for some new freight wagons, mainly to limit noise from train braking.
4.3.5.8 Increase Requirement to Twist Flexibility of Rolling Stock

The WAG TSI (TSI for rolling stock freight wagons) as a specific case for the Irish railways
(Republic of Ireland and Northern Ireland) in § 7.7.2.2.4.5 allows a stricter requirement to twist
flexibility for freight rolling stock on that network than for the rest of Europe. The relevant
paragraph reads:

“Rolling stock should be designed to operate safely over a track twist of up to 17 per mille over a
2.7 m base, and up to 4 per mille over an 11.2 m base”.

This will make the rolling stock much less likely to derail due to track twist and should be
considered also for the rest of Europe. However, it is unlikely that all existing RIV marked
freight wagons will satisfy such a requirement.

4.3.5.9 Apply Safety Slings of Steel Wire on Underframe brake gear

In order to prevent brakes falling from a wagon and possibly causing a derailment, parts of the
brake rigging that could come loose should be secured by safety springs of steel wire. This is a
requirement in some countries or done by some RU.

4.3.5.10 Regular Check and Greasing of Buffer Fastening

Rolling stock buffers can be lost and be a cause for train derailment. Various preventive
measures are normally in place to control this possible derailment cause such as: inspection of
buffer fastenings and regular greasing of buffer plates as well as buffer cylinder contact parts. If
considered necessary fastening elements should be strengthened.
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4.3.6 Rolling Stock Applied Operational and Organisational Measures

4.3.6.1 Task Force (TF) made up of Experts in the field of Freight Wagon Maintenance and
Railway Axles

A task force under administration by the Agency has been set up, following the Viareggio
accident, to investigate what action can be taken to reduce the risk of such accidents.

The objective of the first phase of the work was to address and develop urgent measures as a
follow-up to information on problems with broken axles (cases in AT, DE, IT). For this purpose
the sector set up a Joint Sector Support Group (JSSG) and focused on the following tasks:

- Investigate further and with urgency the width and character of the problem with broken
axles, based on information from NSAs and RUs and study the need to reduce the
maximum permitted axle load for wagons with certain types of axles that may have been
overloaded without adequate maintenance supervision.

 Review the relevant actions in the sector action plan and develop the necessary
accompanying measures (European Visual Inspection Catalogue — EVIC, etc.).

+ Review ongoing standardization activities and identify further areas for standardization
and/or the need for review of standards.

4.3.6.2 Implementing the European Visual Inspection Catalogue for Axle Inspections

Since 01.04.2010 a European-wide voluntary program of wagon owners for visual examination
of axles and wheels has started. The purpose of the inspection is partly to identify surface
marks and scratches in wheels and axles that can act as crack initiators.

The EVIC can be considered as a reference manual for RUs and keepers providing the criteria
to freight wagon maintenance staff to visually identify, during light maintenance in workshops
(i.e. without disassembling from the wheel-sets), axles with a potentially increased risk for safe
operation. A wheel-set/axle which doesn’t meet the EVIC-criteria will be discarded from service
and undergo non-destructive tests (NDTs). Additionally, a sample of axles fulfilling the EVIC-
criteria will also be subject to NDT.

This program runs over the next 4 years for rail tank cars and 6 years for other railway wagons.
The examination according to the EVIC-catalogue will be done from April 2010 on each wagon,
which enters a workshop for repair (operational maintenance) outside from revision. The
inserted wheel-sets are examined and the workshop will inform the wagon owner about the
result. Results with regard to inspection progress are to be reported to the Agency.

A catalogue document describing the defects to be looked for has been developed.
4.3.6.3 Derating of Allowable Axle Load for Certain Axles

Investigations by the Agency JSSG indicates that an increase of the axle load of types A-I and
A-ll axles has been allowed nationally for some countries even though this exceeds the
intended design load. The JSSG has recommended that maximum operational axle load
limitations for A-l and A-Il axles are limited to 20 tonnes. A-lll axles are allowed a continued
operation with 22.5 tonnes axle load provided strengthened inspection and maintenance
routines are introduced [22].

Type A axles comprises more than 75 % of existing wheel axles in European rolling stock.
4.3.6.4 Wheel Integrity Inspection (Ultrasonic)

Wheel ruptures and damage to the wheel profile may be a contributing cause to derailments.
Whereas wheel impact load detectors can detect some wheel profile problems, wheel profile
measurement systems and wheel ultrasonic integrity inspection with respect to cracks can
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provide a more complete picture. They are also based on other technology: analysis of lasers
and digital camera images highlighting the profile using lasers or strobe light. In addition
wheels have to be inspected for material cracks that can cause ruptures.

Various NDT methods can be used for crack detection including ultrasonics. Technology exists
for supervision stations in depots that can do the necessary inspections while the train passes
the supervision station at low speed. Measurements can be stored in a central database for
monitoring of trends and planning of maintenance.

4.3.6.5 Requirement for Double Check and Signing of S-marked Maintenance Operations

CargoNet, the largest freight rail operator in Norway, has classified their maintenance activities
according to whether the maintenance operation is safety critical or not. The safety critical
maintenance operations, called S-marked activities, have to be double checked and signed out
by 2 persons. This is considered to reduce the likelihood of faults and omissions in the
maintenance work of safety critical items of the rolling stock.

4.3.7 Train Operational Measures
4.3.7.1 Qualified Persons Responsible for Loading Safety

In Spain it is required by law to have a qualified and certified person responsible for
supervising the loading of trains. In the recent national legislation in Spain companies
performing loading and unloading tasks are required to designate a responsible person. The
person designated must demonstrate sufficient knowledge in order to be deemed qualified,
and the designated person is registered with the train operator. Also in Bulgaria a qualified
person is to be responsible for correct train loading.

12

Figure 11: Inappropriate Train Loading

12 picture from http://www.eisenbahn-
unfalluntersuchung.de/cin_033/SharedDocs/Publikationen/EUB/DE/Untersuchungsberichte/2010/60__

_Tornesch,templateld=raw,property=publicationFile.pdf/60__ Tornesch.pdf
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4.3.7.2 Locomotive and First Wagons of Long Freight Train in Brake Position G (“Lange
locomotive”)

When operating long freight trains in brake position P the delayed application of pneumatic
train brakes in the rear of the train compared to the front of the train causes significant
compression forces. In order to limit train compression forces when operating pneumatic
brakes of a freight train in position P the locomotive(s) and the first wagon(s) of a long freight
train shall be put in brake position G to limit the compression forces of the train when braking
with the pneumatic activated train brakes.

In Germany the requirements are specified in [24] and for freight trains weighing 800 — 1200
tonnes the locomotive should be placed in brake position G. For freight trains weighing 1200
tonnes or more, the locomotive and the 5 first wagons are to be placed in brake position G.
The above train weight values are exclusive of locomotives.

4.3.7.3 ATP-system for Testing of Braking Performance of Train Mechanical Brakes

The ATP-systems of some countries including Norway, Sweden and Finland called ATC, has a
function to perform a dynamic brake test on the route to get actual test information with regard
to the train braking performance.

In Sweden it is mandatory to test the train brake performance by this system as soon as
possible after departure from a train formation station. Specifications in JvSFS 2008:7 bilaga
11 [27].

4.3.7.4 Limitations on Use of Brake Action in Long Freight Trains

Regardless of type of brake activation it is important to restrict brake actions in difficult track
geometries at low speed. In particular this applies when freight trains are routed through
deviated point settings with narrow curves across stations. The traffic operation regulations of
Austria [25], Switzerland [26] and other countries, specify limitations.

Electro-dynamic braking

Operational braking of freight trains is mainly carried out by using electro-dynamic brakes at
the locomotive. This produces compression forces in the train and the brake force at the
locomotive has to be limited in difficult track geometries in order not to jeopardize safety
against derailment. Train operators therefore have specified limitations with regard to allowable
use of electro-dynamic brakes, in particular at low speed. Here are some examples:

» CargoNet (Norway): 150 kN.

- OBB (Austria): 100 kN for speeds < 40 km/h and 150 kN for 50 km/h=/< speed >
150 km/h
- SBB (Switzerland): 150 kN.

For older locomotives such limitations have to be adhered to by the driver. For modern
locomotives the limitations are programmed into the brake and traction control computers.

Use of pneumatic brake

The Swiss traffic operation regulations [26] specifies that when passing deviated point settings
with speed limitations to 40 km/h the application of pneumatic brakes should be limited to 0,5
bar pressure reduction unless during emergency.

Further, the regulations specifies that after an emergency braking at above specified track
conditions the train should be inspected before continued operation.
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4.3.7.5 Saw Tooth Braking Applied when Pneumatic Brakes used in Long Descents

When pneumatic brakes have to be applied to restrict the speed in long descents the Swiss
traffic regulations (Fahrdienstvorschriften) [28] specifies that saw-tooth braking should be
applied. This means that during a brake application of approximately 60 seconds the speed
should be restricted so much that there can be an interval of minimum 90 seconds without
brake application until the next pneumatic brake application. By such actions the heat exposure
to the wheels is limited and the risk of wheel damage is reduced and hence reducing the risk of
derailment.

If necessary, the speed should initially be reduced so the above specified brake actions are
sufficient to maintain allowable speed during the descent.

4.3.7.6 Initiate Braking Prior to Passing Signal or Sign Requiring Braking Action

When passing a signal showing a reduced speed, the driver should initiate the braking or
speed reduction activities prior to passing the signal. This is a requirement of the Swiss
operating rules [37]. For a number of reasons this may reduce the risk of over-speeding and
derailment in track deviations:

- The braking action is initiated earlier and a gentler braking will ensure sufficient speed
reduction according to signals and signs.

« There is less chance of the driver forgetting the speed reduction signal if the braking action
is initiated immediately.

4.3.7.7 Improved Handling of Trackside Detector Alarms

It is not uncommon that hot axle box alarms are acted upon too late so the derailment has
already occurred when the train stops or reduces the speed. Further, there are several
examples of accidents that seem to have occurred due to overriding of a hot axle box alarm,
either because the time taken for the driver to inspect the axle box has taken too long (thus
cooling has occurred), or possibly because there is not a convenient location to stop and
inspect the train without delaying other traffic, etc..

Trafikverket in Sweden (former Banverket) has recently issued a new regulation for how
various alarms should be handled (BVF 592.11) [29]. The document specifies the actions to be
carried out after a detector alarm registration is received and restricts the traffic controller's and
train driver’s possibility to override detector alarms.

4.4  Results — What are the Existing Mitigation Measures?

In the following table the various existing measures to mitigate the consequences of
derailments are briefly presented.
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Table 9: Mitigation Measures applied to Train Loadi ng and Operation

Category: | M# | Measures and motivation: Where applied: Source
Rolling stock | M-la | Derailment detection detectors (valves) to avoid derailed wagons from being By train operators in Switzerland Questionnaire info
dragged along for long distances — these devises apply train brakes automatically. & Slovenia. Similar system in use | A2 final draft report reviewer
For further info see 4.4.3. in RWE Rheinbraun
M-1b | Derailment detection detectors to provide an alarm to the train driver indicating a At the request of ERA, no
suspected derailment — these devises do not apply train brakes automatically. For specific devices of this type
further info see 4.4.3. have been identified.
M-2 Equip tank wagons with impact shield to protect tank against penetration (US- RID requirement for some RID [38] & RSSB [39]
requirement also used in Sweden). For further info see 4.4.4. materials, e.g. chlorine. Country
requirements: US, Sweden
M-3 Install emergency warning lights on locomotive to warn train on neighbouring track Switzerland BAV Fahrdienstvorschriften
going in opposite direction. For further info see 4.4.5. [40]
Accident report Miihlehorn
M-4 Attach mechanical guides at the bogie structure or on wagon support at appropriate | High speed trains in France, Document received from
position to ensure that a derailed wagon most likely is kept along the track and does | Sweden and Japan. Similar ERA [41]
not overturn or become hit by other wagons. For further info see 4.4.6. system in use in RWE Rheinbraun | A2 final draft report reviewer
Infrastructure | M-5 Existing requirement for safety rails (guard rails) at bridges and in tunnels. For Several countries for bridges. General railway knowledge
further info see 4.4.1. Denmark for to tunnels
M-6 Battering rams in front of safety critical pillar supports of roof structures and Germany Al final draft report reviewer
overbridges in order to prevent derailed rolling stock damaging such safety critical
structures. For further info see 4.4.8.
M-7 Installation of dragging object and derailment detectors. The detector will detect US and other countries Ref [9]
both dragging objects and derailments. For further info see 4.3.3.5.
M-8 Installation of deviation points leading to a safe derailment place in strongly Norway, Sweden, United Kingdom | Preliminary Accident
descending tracks from marshalling yards and train formation stations. For further etc. investigation report [42] &
info see 4.4.2. Press news from JBV [43]
M-9 Radio or cell phone communication installations like GSM-R in order to transfer To be implemented as part of Part of ERTMS specification
emergency stop orders to trains. For further info see 4.4.7. Interoperability directive and TSIs | in TSI command, control and
command, control and signalling. signalling
Operational M-10 | Separate passenger and freight traffic to separate lines to a larger degree (which is | High speed lines for passenger EU-programme
also EU-policy). For further info see 4.4.9. traffic. Betuwe route (NL) for
dedicated freight
M-11 | Restrictions on freight traffic in general or hazardous materials transport in special Examples are banning of general NL - Prorail Network
through certain busy passenger terminals and/or underground stations to restrict freight traffic through airport train Statement 2010 [44]
traffic and limit the consequences of a derailment. For further info see 4.4.10. stations (e.g. Oslo and Schippol)
M-12 | Develop and apply a checklist for dangerous goods transport as the Swiss checklist | Switzerland BAV Checklisten —
for dangerous goods transport by freight trains. For further info see 4.4.11 Checkliste Gefahrgut.
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M-13

Requirement for activating of warning lights in driving end of train. For further info
see 4.4.11.

Switzerland

BAV Fahrdienstvorschriften
[40]
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4.4.1 Installation of Guard Rails between Running Rails

The European railways in general install guard rails between the running rails at bridges to limit
the movement of a derailed wagon. In some countries and railway lines (e.g. @resund tunnel in
Denmark) guard rails are also fitted in tunnels. The measure could be given a wider application
in order to limit the free movement of a derailed wagon and hence may limit the consequences
of a derailment.

Guard rails should not be confused with check rails (P-1) that are installed to limit the
consequences of a derailment.

4.4.2 |Installation of Deviation Points leading to a “Safe” Derailment Places

In order to handle runaway rolling stock in strongly descending tracks from marshalling yards
controlled derailment points may be provided to avoid runaway rolling stock accelerating in the
descending tracks and causing large consequence collisions or derailments or other accidents
further down the line. Such trap points are frequently used in many networks and are
derailment devices to limit consequences if other safety measures have failed or are not
sufficient.

Severe accidents due to a lack of safety trap points have recently occurred March 24™ 2010 at
Alnabru/Sjursgya in Oslo Norway [42] causing 3 fatalities and 4 serious injuries, and December
3@ 2005 at Salerno in ltaly [45] causing one fatality and 3 injuries. Pursuant to the
Alnabru/Sjursgya accident Jernbaneverket in Norway has installed deviated points leading to a
safe derailment location [43].

In addition, a derail or derailer is a device used to prevent fouling of a track by unauthorized
movements of trains or unattended rolling stock. It works (as the hame suggests) by derailing
the equipment as it rolls over or through the derail.

4.4.3 Installation of Derailment Detector Valves

The purpose of a derailment detector is to detect that a derailment has occurred and to either
automatically employ brakes to bring the train to a halt or to warn the driver and allow the driver
to take appropriate action. The technology employed is typically a spring mass valve
measuring vertical acceleration. Acceleration above a certain threshold activates the
emergency brake valve. The derailment detector valve is installed on rolling stock in Slovenia
and Switzerland (tank wagons), and is provided by tank car hire wagon companies.

It is also reported that similar systems are used by RWE Rheinbraun trains operating in
Germany.

4.4.4 Crash Protection of Tank Cars

Tank wagon hire companies have available for hire rail tank wagons with a large humber of
elements for improving the safety of hazardous goods transport services.

The rail tank wagons are fitted with special buffers with additional deformation elements and
structural protection to prevent damage for impact speeds up to approx. 35 km/h depending
upon the size of the train. It is a requirement for transport of many types of hazardous materials
that the wagon is equipped with protection against buffer locking (Uberpufferung) to prevent
structural damage to the tank and wagon frame in an accident. RID specifies the minimum
requirement for wagons used for various type of materials [38].

The unit also features protective shields on both ends of the tank serving as a crumple zone
and protecting the tank bottom from perforation in the event of buffer locking and overriding.
Design improvements on the fittings dome provide added protection against leakage if the
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vehicle overturns or rolls over. The additional optional safety elements increase the tare weight
by only approx. 1.2t.

The CPR tank car (Crash Protected Rail Tank Car) meets the valid rail standards (e.g., UIC,
RIV) and European standards for rail tank cars EN12561. In terms of design and technology,
the wagon is optimal for cross-border transport services.

4.4.5 |Install Warning Lights in Driving End of Train

In Switzerland it is a requirement that locomotives are equipped with warning lights in the front
that can be lit to warn trains on the neighbouring track in the opposite direction about possible
dangers in terms derailed wagons etc. Installation of such warning lights can be extended to
other countries.

These warning lights (red flashing lights) should be activated if the train driver suspects that the
neighbouring track could be blocked or interfered by a derailment or other obstruction. See
also 4.4.11.

4.4.6 Derailment Guides on Bogies and Wagon Supports

A number of high speed passenger trains are equipped with structures or equipment in the
bogie which ensures that the wagon is kept along the track if a derailment of one axle occurs.
Examples of such trains are TGV in France, X-2000 in Sweden and Shinkansen in Japan. In
many cases the guiding devices has been installed for other purposes and for other functions,
but their guiding effect has been proven in accidents [41].

It is also reported that similar systems are used by RWE Rheinbraun trains operating in
Germany.

4.4.7 Emergency Communication Equipment

Emergency communication connection between trains and traffic control can reduce the time
from derailment to train stop and hence reduce consequences. GSM-R is a cell phone based
communication system that is specified as part of ERTMS and will be the standard system in
the EU-countries.

4.4.8 Battering Rams/Structural Protection

Safety critical structural supports of platform roofs, large overbridges located between tracks or
close to tracks may be given additional protection in the form of battering rams or other forms
of structural protection to limit the risk of damage from derailed rolling stock. The measure is
used to protect special safety critical structures but is not very commonly used.

4.4.9 Separation of Freight and Passenger Traffic by Route or Time

In order to minimise the risk of hazardous materials rail transport, hazardous materials trains
should as far as possible be separated from heavy passenger rail traffic by route or time of
operation in order to minimize the consequence. Hazardous material trains should if possible
also be routed around high population density residential areas.

4.4.10 Restrictions on Freight Traffic through busy City Terminals and/or Underground
Stations

Restrictions on freight traffic in general or hazardous materials transport in particular through
certain busy passenger terminals, city centres and/or underground stations to restrict traffic
and limit the consequences of a derailment.

Examples are banning of general freight traffic at busy lines around Rotterdam and Amsterdam
or through airport train stations as Oslo Airport and Schipol in Amsterdam [44].
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4.4.11 Develop and Use a Checklist for Dangerous Goods Transport

The Swiss “Bundesamt flr Verkehr” has developed a checklist for use by freight train transport
of dangerous goods [46]. The checklist is meant as an operational aid in controlling freight train
transports of dangerous goods. The checklist could be adopted for use in the EU and other
countries.

4.4.12 Requirements for Activation of Warning Lights in Driving End of Train

In Switzerland it is a requirement that safety warning lights (red flashing lights) in the front of
the train are activated if there is a suspicion that a derailment has occurred and there is a
chance that the neighbouring track is blocked by the derailment or other obstruction [40].

Improved communication systems by GSM-R required by ERTMS can be an alternative to the
above measure.

4.5  Existing Measures allocated to Short, Medium and Long Term Categories

There is a further consideration associated with measures, and that relates to when they could
be introduced into EU regulation (see Section 1.2.) The Agency definition regarding this is:

« A measure is short term if it can be introduced into EU regulation and largely implemented
before 1% January 2013.

* A measure is medium term if it can be introduced into EU regulation and largely
implemented within 5 to 10 years.

« A measure is long term if it is likely to require more than 10 years for it to be introduced and
largely implemented.

We present the results of the allocation applied, and the reasons for the allocation in the table
below.

Table 10: Time Categorisation of Existing Preventat  ive Measures

Measure | Description Category Comment
Number
P-1 Check rall Medium The adoption of such measures, where not currently applied, would

require consideration of the application parameters, surveys of IMs’
infrastructure to identify installation locations and then engineering
work to implement this measure. It is not considered this could be
achieved in the short term.

P-2 Track and flange Medium The adoption of such measures, where not currently applied, would
lubrication installed on require consideration of the application parameters, surveys of IMs’
track infrastructure to identify installation locations and then engineering

work to implement this measure. It is not considered this could be
achieved in the short term.

P-3 Not used

P-4 Not used

P-5 Not used

P-6 Geo radars Medium The technology exists, and is already implemented in some
locations. However, the time to procure, install, train personnel
and test such equipment is unlikely to be achievable in the short
term.

P-7 Rolling stock mounted Medium The technology exists, and is already implemented in some

equipment for monitoring locations. However, the time to procure, install, train personnel
of rail profile conditions. and test such equipment is unlikely to be achievable in the short
term.

P-8 Track circuit Medium This is implemented already in many countries. However, where it
is not implemented changes to the signalling system may be
required which is not likely to be achievable in the short term.

P-9 Interlocking of points Medium This is implemented already in many countries. However, where it
operation while track is is not implemented changes to the signalling system may be
occupied required which is not likely to be achievable in the short term.
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stronger axles or axles
with improved material

Measure | Description Category Comment

Number

P-10 Hot axle box (hot Medium The technology exists, and is already implemented in some
bearing) detectors locations. However, the time to procure, install, train personnel

and test such equipment is unlikely to be achievable in the short
term.

P-11 Acoustic bearing Medium The technology exists, although is not implemented (other than in
monitoring equipment test locations) in the target countries. It may require a lengthy

implementation programme, although it is considered to be
achievable within 5 — 10 years.

pP-12 Hot wheel and hot brake Medium These are often provided as a function of hot axle box detectors,
detectors and for the purposes of this assessment are jointly considered with

P-10.

P-13 Wheel load and wheel Medium The technology exists, and is already implemented in some

impact load detectors locations. However, the time to procure, install, train personnel
and test such equipment is unlikely to be achievable in the short
term.

P-14 Dragging object and Derailment detectors considered at M-7. Regarding dragging
derailment detectors object detectors these devices would have to be fitted at a very

high frequency along the track, with high installation costs and
maintenance costs. On the basis that the cost would be prohibitive
and we have not considered these further.

P-15 Bogie performance Medium The technology exists, although is not implemented (other than a
monitoring/Bogie lateral small number of locations) in the target countries. It may require a
instability detection lengthy implementation programme, although it is considered to be
(bogie hunting) achievable within 5 — 10 years.

P-16 Wheel profile Medium The technology exists, and is already implemented in some
measurement system / locations. However, the time to procure, install, train personnel
Wheel profile monitoring and test such equipment is unlikely to be achievable in the short
unit term.

P-17 Not used

P-18 Sufficient availability of Short This is a matter of recruitment and training. It is considered that
maintenance resources this could be achieved within the short term.

P-19 Clearance of Short This is a matter of potentially increasing inspections at certain
obstructions from flange locations. It is considered that this could be achieved within the
groove (particularly at short term.
level crossings)

P-20 Ultrasonic rail inspection Short This is a matter of potentially increasing inspections at certain
locations. It is considered that this could be achieved within the
short term.

p-21 Track geometry Short This is a matter of potentially increasing inspections at certain

measurement of all tracks locations. It is considered that this could be achieved within the
short term.

p-22 EU-wide Medium Such measures would involve extensive consultation with IMs, and
intervention/action limits possibly a revision to existing TSlIs. This is unlikely to be
for track twist achievable within the short term.

P-23 EU-wide Medium Such measures would involve extensive consultation with IMs, and
intervention/action limits possibly a revision to existing TSIs. This is unlikely to be
for track gauge variations achievable within the short term.

P-24 EU-wide Medium Such measures would involve extensive consultation with IMs, and
intervention/action limits possibly a revision to existing TSIs. This is unlikely to be
for cant variations achievable within the short term.

P-25 EU-wide Medium Such measures would involve extensive consultation with IMs, and
intervention/action limits possibly a revision to existing TSIs. This is unlikely to be
for height variations and achievable within the short term.
cyclic tops

P-26 Flange lubrication of Medium The adoption of such measures, where not currently applied, would
locomotives require consideration of the application parameters, surveys of IMs’

infrastructure and RUs’ locomotives to identify lubrication locations
and then engineering work to implement this measure. It is not
considered this could be achieved in the short term.

p-27 Replace composite Medium This is likely to be integrated with the maintenance cycle of wheel
wheels with monoblock sets and be implemented on an opportunistic basis. Therefore it
wheels would not be achieved within the short term.

P-28 Replace metal roller Medium This is likely to be integrated with the maintenance cycle of axles /
cages in axle bearings by wheel sets and be implemented on an opportunistic basis.
polyamide roller cages. Therefore it would not be achieved within the short term.

P-29 Replace existing axles for | Medium This is likely to be integrated with the maintenance cycle of axles /

wheel sets and be implemented on an opportunistic basis.
Therefore it would not be achieved within the short term.
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Measure | Description Category Comment

Number
properties with regard to
crack initiation and crack
propagation

P-30 Increase the use of Medium The equipment / technology exists, although would require
central couplers between substantial re-engineering of wagons to implement. Therefore it
wagons in fixed whole would not be achievable within the short term.
train operation

P-31 Increase the use of bogie | Medium The equipment / technology exists, although would require
wagons instead of substantial re-engineering / procurement to implement. Therefore
multiple single axle it would not be achievable within the short term.
wagons with a long wheel
basis.

P-32 Install disc brakes instead | Medium A requirement to install disc brakes on new wagons could be
of wheel tread brakes for developed in the short term (although the time to have a wagon
new wagons. fleet fitted with disc brakes would depend on the procurement

programmes of RUs, wagon owners etc).

P-33 Rolling stock design for Long A requirement to have more fault tolerant rolling stock design could
track twists be applied for new wagon purchases. The benefits of this measure

however not be realised until long term however and be governed
by the time (and investments) necessary for the renewal of the
targeted wagon scope.

P-34 Secure brake gear Medium This requires a special design for new wagons or retrofitting
underframe existing wagons; retrofitting requires some form of rebuilding. Itis

not likely to be achievable within the short term.

P-35 Regular greasing and Short Measures of this type could be introduced quickly, in the form or
checks of rolling stock recommendation or other formal notification. These could be
buffers. applied rapidly by RUs, IMs etc.

P-36 Wheel set integrity Short This measure largely exists and is applied by all RUs and wagon
inspection (ultrasonic) owners.
programs

p-37 Derating of allowable axle | Short Measures of this type (introducing a maximum axle load for these
loads types of axles) could be introduced quickly, in the form or

recommendation or other formal notification. These could be
applied rapidly by RUs.

P-38 EVIC (European Visual Short Measures of this type could be introduced quickly, in the form or
Inspection Catalogue)- recommendation or other formal notification. These could be
based inspection of applied rapidly by RUs, subject to suitable training.
freight train rolling stock
axles

P-39 Double check and signing | Short Measures of this type could be introduced quickly, in the form or
of safety-classified recommendation or other formal notification.
maintenance operations

P-40 Qualified and registered Medium Measures of this type could be introduced quickly, in the form or
person responsible for recommendation or other formal notification. However, the
loading development and roll-out of a qualification scheme is unlikely to be

achievable in the short term.

P-41 Locomotive and first Short Measures of this type could be introduced quickly, in the form or
wagons of long freight recommendation or other formal natification.
trains in brake position G

P-42 Limitations on use of Short Measures of this type could be introduced quickly, in the form or
brake action in difficult recommendation or other formal notification, subject to suitable
track geometry training and rule book updates.

P-43 Dynamic brake test on Medium This requires an ATP system with this functionality. The
the route introduction of such technology, or adaption of existing technology,

is not achievable in the short term.

P-44 Saw tooth braking to limit | Short Measures of this type could be introduced quickly, in the form or
heat exposure to wheels recommendation or other formal notification, subject to suitable

training and rule book updates.

P-45 Initiation of braking or Short Measures of this type could be introduced quickly, in the form or
speed reduction prior to recommendation or other formal notification, subject to suitable
passing signal showing training and rule book updates.
reduced speed

P-46 Not allowing traffic Short Measures of this type could be introduced quickly, in the form or
controllers and drivers to recommendation or other formal notification, subject to suitable
override detector alarms training and rule book updates.

P-47 Wagons equipped with a Medium This measure may require investigation of installation location and
balance to detect fitting of appropriate devices. This is unlikely to be achievable in
overload in visual the short term.
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Measure | Description
Number

Category

Comment

inspection.

Considering measures to mitigate the consequences of derailments, this project has only the
objective of assessing measures related to the detection of derailments. We have therefore
considered only M-1, with the following categorisation:

* M-1: The technology exists, and is already implemented on some freight wagons. However
the time to procure, install on a wider range of wagons is unlikely to be achievable in the
short term. We therefore classify this as a medium term measure.
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5.0 Possible Future Measures Addressing the Derailm  ent Problem
5.1 Methodology and Definition

We have defined an existing measure as something that is “...applied for implementing a given
regulation requirement, or applied on a voluntary basis.” [5]. For a measure to be existing it
must therefore be applied in at least one of the target countries.

Future measures are therefore:
« Measures that exist, but which are not applied in the target countries, or
« Measures that are under development.

We have identified these future measures through a diverse range of activities that has
included:

1. A first round of direct consultation with IMs, RUs, NSAs, railway associations and other
stakeholders.

2. A second round of direct consultation with suppliers to the rail market.

3. Internet research and review of journals to identify specific examples of applied measures.
4. Review of network statements, accident reports and other information sources.

We have reported on these approaches in Section 4.0.

Further, with reference to Section 4.5, measures are further classified as short, medium and
long term. In this document we report only on short and medium term measures, as these
are to be taken forward to Part B of this project. Long term measures require consideration of
what the future railway might look like and an explanation of how the identified long term
measure may fit into the derailment problem.

In order to keep this report manageable in terms of length and detail, we have produced a
separate stand-alone report addressing potential long term future measures, to which the
reader is referred, [47].

5.2 Results — What are the Potential Future Short and Medium Term Measures?

As part of our work we have identified eight categories of potential future measures intended to
prevent or reduce the likelihood of freight train derailments. These are tabulated below.

We note that the information and assessments that follow for measures that have less
operational experience within Europe and therefore may be subject to more variation and
uncertainty.
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Table 11: Potential Future Measures

Measure | Description Category Comment

Number

F-1 End-of-train device (brakes) . Inthe USA & Canada freight trains are installed with “end of train Medium The introduction of such devices would require complementary
devices” that are in radio contact with the driver, and by radio signal to the unit the driver can apply tests and agreement regarding issues such as the transmission
brakes on the train in an emergency situation. This can be an essential safety measure in situations of signals between the driver and the end of train device. Such
where the brakes of substantial rear parts of the train cannot be applied immediately from the work is likely to require a timeframe within the 5-10 year
driver’s position. Application of brakes through an end of train device can also speed up the brake window relating to the definition of medium term.
application in an emergency situation, and also may reduce compression forces in a train.

Note: This measure is not to prevent collisions but to allow a better quality of brake application,
limiting the possibility to induce a derailment due to a non-uniform application of the brakes
especially in the case of long trains. This measure should be distinguished from the brake tests
before departure which have the objective to ensure that the brake performance is correct and
therefore to help to prevent over-speed which can lead both directly to a derailment and to a
collision.

F-2 Awareness program and improved maintenance . A concern expressed to us by several IMs Short This is an issue relating to the safety management systems and
was regarding the quality of freight wagons from some countries. In particular that maintenance as culture of RU / keepers / wagon owners as well as the
well as supervision of national authorities of this maintenance is of varying standards. supervision of this by NSAs. It is certainly the case that

renewed emphasis on this matter could be recommended in the
short term, although a full implementation of this may take
longer.

F-3 Hot Axle Box Indication . The use of thermo-sensitive paint / chalk or similar to check for hot axle Short This is a simple measure which is likely to be quick and
boxes. This may provide visual indication to train driver of the presence of a hot axle box. relatively easy to implement.

(Possibly a hot axle box alarm may have been triggered, but on inspection some minutes later the
axle box has cooled — this may provide indication that the alarm was genuine, and avoid accidents
where the driver continues.)

We understand that this measure is applied in at least one RU within the target countries.

F-4 Machine vision devices . These products are designed to detect faults that may occur on freight Medium The introduction of such devices would require complementary
vehicles when they run pass the detection site. Such devices are installed at trackside and employ tests. Such work is likely to require a timeframe within the 5-10
hi-speed cameras to grab images of the vehicles. These images are sent to a computer for year window relating to the definition of medium term.
processing, comparison and analysis so any fault on the vehicle can be distinguished and detected.

They detect mechanical failures of the bogie, dragging objects, coupler faults and may also detect
temperature variations etc.
This measure is applied in countries which include the USA and China, but not within the target
countries.
F-5 Telematics . Devices that allow receipt and transmittal of information from / to rail freight vehicles. Medium The scale of the implementation programme, and the

Using this technology it is possible to inform the Entity in Charge of Maintenance of defects for
rectification. A number of the measures described in this document require the positive
identification of a train in order for emerging issues to be identified (for example acoustic bearing
monitoring). Other benefits include verification of train consist and operational parameters.

supporting infrastructure required to collate the information
would mean this was not achievable within the short term.
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Measure | Description Category Comment
Number
This measure is partly implemented in some target countries.
F-6 Anti -lock device. Systems of this type reduce locking of the wheels and associated wheel Medium The scale of the implementation programme would mean this
damage during braking on railway freight cars. In turn this may reduce maintenance costs was not achievable within the short term.

associated with re-profiling wheel sets, improve safety with reduced risk of wheel cracking or major

tread damage that could increase derailment risk, reduce impact forces to track with the wheel sets,

reduce noise generated with the wheel sets.

The control system concepts are similar to passenger Wheel Slip Protection, but the application to

freight cars has 2 principle differences:-

. The absence of electrical power, which is overcome by integrated generators driven from the
axle ends

. Much less compressed air available to control slide activity — this is a particular constraint with
“single-pipe” braking used almost exclusively within the EU.

They may also provide a local power source for other monitoring systems.

Currently a system of this type is being tested in one of the target countries.

F-7 Sliding wheel detectors . These systems detect wheels that are not rotating correctly and raise an | Medium The introduction of such devices would require complementary
alarm, with similar benefits to the antilock device for freight wagons described above. They are tests. Such work is likely to require a timeframe within the 5-10
currently used in at least Australia, although a GB demonstration is planned for 2011. year window relating to the definition of medium term.

F-8 Handbrake interlock.  This would prevent a freight train moving off with the handbrake applied and | Medium The scale of the implementation programme would mean this
therefore reduce the likelihood of subsequent issues like wheel flats, overheating and track was not achievable within the short term.
damage.

F-9 Harmless infrastructure.  This relates to the removal of obstructions on or near the track that may | Medium The scale of the implementation programme would mean this
make penetration of a dangerous goods wagon less likely. was not achievable within the short term.
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6.0 Markets for Technical Measures
6.1 Methodology and Definition

A technical measure is defined as “...a measure based on the use of a specific device or

system.” [5]

With regard to these technical measures, it is a project requirement to "...provide data on
markets related to ‘technical measures’. The volume of existing market and sales, in and
outside EU, shall be described as well as the respective shares of key designers,

manufacturers, suppliers.” [5]

Against these objectives, our first task was to establish from the list of measures P-1 to P-47,
M-1 to M-13 and F1 to F-8, those to be considered for market assessment. The results and
rationale for this activity are presented in the table below for both existing and potential future

measures.

Table 12: Existing Technical Measures Subjected to

Market Assessment

Measure | Description Market Comment / Discussion
Number Assessment *°
P-1 Check rail No Check rails are a well established mechanical measure with
many suppliers.
P-2 Track and flange lubrication | No Track and flange lubrication systems are installed primarily
installed on track as technical measures to reduce track wear, although they
are thought to contribute to reducing derailments in certain
cases. However, as derailment mitigation is not their primary
purpose we have not considered them here.
P-3 Not used
P-4 Not used
P-5 Not used
P-6 Geo radars Not Applicable Geo radars. IMs currently employ such technical measures /
techniques for the identification of track superstructure faults.
Further, track superstructure faults appear (based on our
preliminary accident review — this hypothesis is to be further
checked in Part B) to make only a minor contribution to
freight train derailments.
pP-7 Rolling stock mounted Not Applicable Rolling stock equipment for rail profile monitoring. This
equipment for monitoring of technical measure / technology allows for quicker and more
rail profile conditions. efficient inspection of ralil profile conditions (compared with
the use of specialist vehicles) The main benefits of such
systems are cost and efficiency, rather than safety
P-8 Track circuit No Track circuits are part of a normal signalling system and
although they may also help detect rail ruptures, are
generally not for used for this purpose on its own. They are
not considered here.
P-9 Interlocking of points No This is part of a normal interlocking system. Interlocking of
operation while track is points operation is a question of the design of the
occupied interlocking system and is not a product bought off the shelf.
P-10 Hot axle box (hot bearing) Yes
detectors
P-11 Acoustic bearing monitoring | Yes
equipment
pP-12 Hot wheel and hot brake No These are often provided as a function of hot axle box
detectors detectors, and for the purposes of this assessment are jointly
considered with P-10.
P-13 Wheel load and wheel Yes
impact load detectors
P-14 Dragging object and No Derailment detectors considered at M-7. Regarding
derailment detectors dragging object detectors these devices would have to be

13 “No” means that a market assessment is not performed for the reasons provided in the comment /
discussion column. Not Applicable means that a market assessment is not performed as measures in
support of human / organisational failures are not required to be assessed by this project (as defined by

the Terms of Reference).
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Measure | Description Market Comment / Discussion

Number Assessment *°
fitted at a very high frequency along the track, with high
installation costs and maintenance costs. On the basis that
the cost would be prohibitive and we have not considered
these further.

P-15 Bogie performance Yes
monitoring/Bogie lateral
instability detection (bogie
hunting)

P-16 Wheel profile measurement | Yes
system / Wheel profile
monitoring unit

P-17 Not Used

P-18 Sufficient availability of Not Applicable This is an operational/organisational measure.
maintenance resources

P-19 Clearance of obstructions Not Applicable This is an inspection and maintenance activity
from flange groove
(particularly at level
Crossings)

P-20 Ultrasonic rail inspection Not Applicable This is an inspection and maintenance activity

pP-21 Track geometry Not Applicable This is an inspection and maintenance activity
measurement

p-22 EU-wide intervention/action Not Applicable This is an operational/organisational measure.
limits for track twist

P-23 EU-wide intervention/action Not Applicable This is an operational/organisational measure.
limits for track gauge
variations

pP-24 EU-wide intervention/action Not Applicable This is an operational/organisational measure.
limits for cant variations

P-25 EU-wide intervention/action Not Applicable This is an operational/organisational measure.
limits for height variations
and cyclic tops

P-26 Flange lubrication of No Track and flange lubrication systems are installed primarily
locomotives as measures to reduce track wear, although they are thought

to contribute to reducing derailments in certain cases.
However, as derailment mitigation is not their primary
purpose we have not considered them here.

p-27 Replace composite wheels No Wheels are a part of any locomotive or wagon. It is a simple
with monoblock wheels mechanical measure. Both types of wheels have existed for

a long time and constitute alternative technologies. Most
suppliers of wheels will provide both types of wheels.

P-28 Replace metal roller cages No Roller cages in axle bearings are a part of any rolling stock.
in axle bearings by Different types of cages have existed for a long time and
polyamide roller cages. constitute alternative technologies.

P-29 Replace existing axles for No Axles are a part of any locomotive or wagon. It is a simple
stronger axles or axles with mechanical measure. Different types of axles have existed
improved material properties for a long time and constitute alternative technologies.
with regard to crack initiation Most suppliers of axles will provide different types.
and crack propagation

P-30 Increase the use of central No Couplers are a part of any locomotive or wagon.
coupler between wagons in Different types of couplers have existed for a long time and
fixed whole train operation. constitute alternative technologies. Mandating a new type of

coupler will raise a number of problems in the transitory
period — except for isolated transportation routes.

P-31 Increase the use of bogie No This is a wagon design / mechanical issue applicable to new
wagons instead of multiple wagons only.
single axle wagons with a
long wheel basis.

P-32 Install disc brakes instead of | No Brakes are a part of any locomotive or wagon. Different
wheel tread brakes. types of brakes have existed for a long time and constitute

alternative technologies. Most suppliers of brakes will
provide different types.

P-33 Rolling stock design for No This means buying new types of wagons — it is not a
track twists measure that can be applied to old rolling stock. Itis a

mechanical measure and therefore not considered from a
markets perspective.

P-34 Secure brake gear No This requires a special design for new wagons or retrofitting
underframe existing wagons; retrofitting requires some form of rebuilding,

i.e. itis not a product bought off the shelf.
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Measure | Description Market Comment / Discussion

Number Assessment **

P-35 Regular greasing and Not Applicable This is an operational/organisational measure.
checks of rolling stock
buffers.

P-36 Wheel set integrity Not Applicable This is the normal wheelset inspection program carried out
inspection (ultrasonic) by all RUs to ascertain that the wheels and axles are free of
programs safety critical wear damage and cracks. This is normally

carried out by visual inspection as well as ultrasonic or other
NDT-methods while the train is in a depot. As a largely
existing measure, we have not performed a market
assessment.

pP-37 Derating of allowable axle Not Applicable This is an operational/organisational measure.
loads

P-38 EVIC (European Visual Not Applicable This is an operational/organisational measure.

Inspection Catalogue)-
based inspection of freight
train rolling stock axles

P-39 Double check and signing of | Not Applicable This is an operational/organisational measure.
safety-classified
maintenance operations

P-40 Qualified and registered Not Applicable This is a human/operational/organisational measure.
person responsible for
loading

P-41 Locomotive and first wagons | Not Applicable This is a human/operational/organisational measure.
of long freight trains in brake
position G

P-42 Limitations on use of brake Not Applicable This is a human/operational/organisational measure.
action in difficult track
geometry

P-43 Dynamic brake test on the Not Applicable This is a human/operational/organisational measure.
route

P-44 Saw tooth braking to limit Not Applicable This is a human/operational/organisational measure.
heat exposure to wheels

P-45 Initiation of braking or speed | Not Applicable This is a human/operational/organisational measure.
reduction prior to passing
signal showing reduced
speed

P-46 Not allowing traffic Not Applicable This is a human/operational/organisational measure.
controllers and drivers to
override detector alarms

pP-47 Wagons equipped with a Not Applicable This is a human/operational/organisational measure.
balance to detect overload
in visual inspection.

M-1 Derailment detection Yes
devices

M-7 Dragging object / derailment | No In the context of derailment detection these devices offer an
detectors alternative to M-1. To be comparable however these devices

would have to be fitted at a very high frequency along the
track, with high installation costs and maintenance costs. On
the basis that the cost would be prohibitive (compared to M-
1) we have not considered these further.

M-2to M-6 | These measures are excluded from the scope of future assessment during Part B [5] and hence are not required

and M-8to | to have an effectiveness assessment allocated to them.

M-13

Table 13: Potential Future Measures Subjected to Ma

rket Assessment

Measure | Description Market Comment / Discussion
Assessment

F-1 End of train device (brakes) | No Based on the summary accident review completed to date,
lack of braking effort / application speed has not been seen to
be a significant contributory factor to freight train derailments
(this hypothesis is to be tested in Part B). This measure is
considered unlikely to show significant benefit.

F-2 Awareness programme for Not Applicable This is not a technical measure

rolling stock maintenance
F-3 The use of thermo-sensitive | Not Applicable This is not a technical measure
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Measure | Description Market Comment / Discussion
Assessment
chalks or similar to check
for hot axle boxes
F-4 Machine vision devices Yes
F-5 Telematics No Many of the devices providing these functions are readily
available from many existing suppliers. A market assessment
is not considered necessary
F-6 Antilock device for freight Yes
cars.
F-7 Sliding wheel detectors. Yes
F-8 Handbrake interlock. No We have found no suppliers of this measure, and assume it is
an engineered system.
F-9 Harmless infrastructure No This is an engineering / layout solution.

To establish data on market and market share, we approached IMs, RUs and suppliers as we
have reported in Section 4.2. This primary research activity was supported by internet
research and other information sources where appropriate to deal with data shortfalls.

It is also possible to infer market conditions from information, including:
* The number of suppliers to a particular market.

* Previous research work on this subject. In this regard two reports have been particularly
helpful:

1. Rail Safety and Standards Board (2008), ldentification of existing and new
technologies for wheelset condition monitoring, RSSB Report for Task T607, July
[48].

2. TTCI (2010), 15" annual AAR Research Review, Presentation from March 2-3,
2010 [49].

The consultation reported here received over 30 detailed responses for technical measures.
6.2  Results of Market Research

The findings of our research in this area are presented in the following tables.
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Table 14: Market Assessment Results for Existing Me  asures
Measure | Description Ruantity of Suppliers Market Si ze Market Conditions
P-10 and P-12 | Hot axle box (hot There are at least 10 suppliers in We estimate the existing market size to be around This is a mature market with a good range of suppliers and
bearing) detectors / the market with each supplier 1,500 installed devices in the target countries, and devices. Itis an existing European requirement that devices
Hot brake detectors producing at least one device. around 8,000 world-wide. The potential market size | of this type are used in certain locations and hence possible
/ growth is likely to be in countries which do not further regulation is unlikely to provide one supplier with a
currently use these devices. competitive advantage. Pricing levels are likely to be stable.
P-11 Acoustic bearing There are at least 3 suppliers of There is no existing market in the target countries, The small number of existing suppliers may enjoy a
monitoring equipment | device of this type. although at least one country is testing this dominant position if regulation were introduced regarding
technology. It is known that at least 80 such these measures. Prices are currently high, but more volume
installations operate in the USA and China. The and new entrants may force prices down.
potential market size is not considered to be very
large due to high cost and (relatively) low installation
density
P-13 Wheel load and wheel | There are at least 10 suppliers in We estimate the existing market size to be around This is a mature market with a good range of suppliers and
impact load detectors | the market with each supplier 150 installed devices in the target countries. In the devices. Regulation in this area is unlikely to provide one
producing at least one device. USA there are at least 130 installations. The supplier with a competitive advantage. Pricing levels are
potential market size is not considered to be very likely to be stable.
large due to high cost and (relatively) low installation
density
P-15 Bogie performance There are at least 5 suppliers in the | We estimate the existing market size to be very The small number of existing suppliers may enjoy a
monitoring/Bogie market with each supplier small at present in the target countries — probably in | dominant position if regulation were introduced regarding
lateral instability producing at least one device. single figures. In the USA there are at least 30 these measures. Prices are currently high, but more volume
detection (bogie installations. The potential market size is not and new entrants may force prices down.
hunting) considered to be very large due to high cost and
(relatively) low installation density
P-16 Wheel profile There are at least 9 suppliers in the | The size of the existing market is difficult to estimate | This is a niche market, although we have noted that
measurement system market with each supplier due to the varying technologies and different solutions and prices can vary significantly. However, this is
/ Wheel profile producing at least one device. functions offered by such systems, however we not likely to be a high volume market.
monitoring unit consider the market to be relatively small. Few IMs /
RUs indicated they use such systems. We estimate
the size of market in the target countries to be in
double figures, but not significant. One supplier
estimates the total market size to be fewer than 500.
M-1 Derailment detection There are at least 4 suppliers in the | We estimate that about 2,000 wagons are fitted with | This is a market that is expanding in terms of the numbers of
devices market with each supplier devices of this type. The potential market size is suppliers, although one supplier has a dominant position.
producing at least one device. large, potentially every freight wagon operating in Costs are relatively low and as the supplier base grows may
the target countries. reduce further, especially if larger volume sales are
anticipated.
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Table 15: Market Assessment Results for Potential F

uture Measures

Measure | Description Ruantity of Suppliers Market Si ze Market Conditions
F-4 Machine vision There are at least 2 suppliers in the | We are aware of no installations within the target This is a new market based on new and evolving
devices market with each supplier countries. Systems exist outside of these countries technology. The small number of existing suppliers may
producing at least one device. however and we are aware about 120 of these enjoy a dominant position if regulation were introduced
devices installed in China. The potential market size | regarding these measures. Prices are currently high, but
is not considered to be very large due to high cost more volume and new entrants may force prices down.
and (relatively) low installation density.
F-6 Antilock device for We are aware of only 1 supplier of We are aware of no installations within the target This is a new market. The existing supplier would enjoy a
freight cars. devices of this type (although other | countries, except for one which is currently being dominant position if regulation were introduced regarding
devices converted from passenger tested. The potential market size is large, potentially | this measure, although new market entrants would be likely.
train applications and which require | every freight wagon operating in the target countries. | Prices are relatively modest, and more volume and new
a battery of electrical power are entrants may force prices down.
thought to be available).
F-7 Sliding wheel We are aware of only 1 supplier of It is likely that deployment of such devices would be This is a new market. The existing supplier would enjoy a
detectors. devices of this type. limited to exits from freight loading bays / routes dominant position if regulation were introduced regarding
such that defective braking could be identified prior this measure, although new market entrants would be likely.
to entering service which will define the potential Prices are relatively modest, and more volume and new
market share. entrants may force prices down.
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7.0  Functional and Performance Assessment of Freigh  t Train Risk Reduction
Measures

7.1  Methodology and Definition

To avoid confusion, the “assessment” reported relates to the intrinsic performance of the
measures assessed, in terms of their RAM characterises and other pertinent data; this is not a
cost-benefit assessment of the effectiveness of these measures. This later objective is the
purpose of Part B. The task definition for this work is [5]:

The task A.3 will describe each technical and operational measures in generic
functional terms associated with the description of both intrinsic performance level and
actual performance (for example, based on RAMS analysis for technical measures) as
well as relevant life cycle costs (investment, operation, maintenance, repair,
refurbishment, dismantling...). The description shall contain the necessary and sufficient
level of details compatible with the part B of the study (development of scenario tree,
semi-quantitative assessment of efficiency) and also with the necessary inputs for
detailed impact assessments carried out by the Agency.

Concerning the ‘technical’ measures, the related devices/systems will be described with
the help of information provided by the designer(s), manufacturer(s), and/or, supplier(s)
about the expected performances and by users for the actual performances.

In undertaking this research:

1. We consulted with IMs and RUs to establish:

- The types of measures (technical, operational, organisational or human) they currently
use to either reduce the frequency or mitigate the consequences of freight train
derailments.

« The effectiveness of these measures.
- Their plans for introducing additional measures in the short term and beyond.

«  Where an IM or RU had indicated the use of a technical measure, we asked them in a
subsequent round of communication for their experience of the reliability performance
and effectiveness of these measures.

2. Having established, from the consultation above, a full list of existing and potential future
measures, we embarked on a further round of consultation. This further consultation was
limited to suppliers of technical measures, for which we sought information on, but not
limited to:

« The RAM performance for their technical measures.
- False alarm rates and failure mode information.

« The way in which these technical measures may influence the risk of freight train
derailment.

- Cost and life cycle questions, such as special disposal requirements, the requirement
for preventative maintenance etc.

Our approach is reported in more detail at Section 4.2.
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7.2

Results for Functional and Performance Assessment

We present the results of our assessment in the following tables.

Table 16: Performance Assessment for Existing Infra

structure Preventive Measures

P# RAM and/or Effectiveness Assessment Costing Information Comments
Predicted Observed Purchase and Ins tallation Life Cycle

P-1 An installed check rail is Installation cost € 250/m of track. Added track maintenance and The installation is assumed restricted to Checkrails may also be installed with the
expected to be at least 90 The lifetime is at least equal to the | tamping cost: + 20 % curves of radius < 250 m. joint aim of reducing track wear.

% effective in avoiding lifetime of the rest of track
derailment due to track construction.

geometry faults in curves

with radius less than 250

m.

pP-2 Track and flange lubrication systems are installed primarily as measures to reduce track wear. These systems do however have secondary benefits and are thought to be contribute to
reducing derailments in certain cases (as reported to us during our consultation exercises), hence their inclusion here. However, as their installation is generally for track wear considerations,
we have not considered them as measures in the context of derailment prevention. Further, as derailment reduction is a benefit rather than a primary function of these measures, there are
unlikely to be any no specific derailment reduction effectiveness data. We will review this situation during Part B.

P-3 Not used

P-4 Not used

P-5 Not used

P-6 Geo radars. IMs currently employ techniques for the identification of track superstructure faults. Further, track superstructure faults appear, based on our accident review, to make only a
minor contribution to freight train derailments. We have not considered these further at this stage. We will review this situation during Part B

P-7 Rolling stock equipment for rail profile monitoring. This technology allows for quicker and more efficient inspection of rail profile conditions (compared with the use of specialist vehicles). The
main benefits of such systems are cost and efficiency, rather than safety. These are not considered further at this stage.

P-8 Track circuits are installed for train detection purposes, as part of the signalling system. These systems do however have secondary benefits in that they may detect rail ruptures and thus
contribute to reducing derailments in certain cases. However, because the primary function is train detection rather than derailment reduction, we have not considered them further. We will
review this situation during Part B

P-9 Interlocking to prevent movement of points while the relevant A track circuit costs Operating cost can vary depending upon Interlocking functionalities are normally
track section, inclusive of point, is occupied by a train, is a approximately € 6000 — 10 000. | the technical solution: Coarse estimate € introduced when installations are
common feature of railway signalling installations. The If the point is electrically 1000,- per track circuit. renewed. To what extent and at what cost
interlocking feature in railway signalling systems is normally very | operated centrally from a signal interlocking functions can be added to an
reliable. The technology is very reliable in performing this box interlocking can be made existing installation depends on the age
function and would be considered to eliminate most derailments locally or centrally depending of the installation.
occurring due to this cause. upon cost.

P-10 Manufacturer’s claim is for Claimed by one IM to achieve an Costing information is Manufacture’s recommend a fortnightly We have reported at various points within
10,000 hours MTBF for availability of >99%. A repair time | confidential inspection. the Part A work that alarms can be
mechanical parts and of 1 day (mostly travel) was also ignored (or possibly thought to be a false
500,000 hours MTBF for quoted together with a false alarm | The cost is dependent on the Estimated by one IM at 5% of purchase alarm) and the train allowed to continue
electrical parts. Repair rate of 40% type of device, as some hot axle | cost. leading to derailments. This issue would
times of 5 minutes are box detectors are multi-purpose. need to be addressed if the full benefit of
claimed (excluding travel All other IMs answering this the increased use of these systems were
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P# RAM and/or Effectiveness Assessment Costing Information Comments
Predicted Observed Purchase and Ins tallation Life Cycle
time). False alarm rate of question stated that the devices to be realised.
less than 40% quoted. they used were “effective” or

similar qualitative judgement, and
that they saw increased coverage
as a good derailment reduction
option.

P-11 Manufacturer claims are The systems in service have an Costing information is Manufacture’s recommend a fortnightly Can be linked with telematics to provide
that these offer very similar | average of 98% full system confidential inspection. A second supplier suggests effective feedback to appropriate parties.
characteristics to hot axle availability. that hardware maintenance is restricted in
box detectors (P-10). The Installation claimed to take 3 general to a six monthly periodic
rate of estimated false days. inspections and a system calibration as a
alarms is less than 2% 12 monthly routine.

P-12 In most cases, these devices are integrated with hot axle box detection to provide a single solution. The data for P-10 applies.

P-13 Manufacturer claims One IM indicated that the Costing information is Costing information is confidential There is a significant variance in cost
between 85 and 95 % with detection of wheel anomalies confidential depending on the functionality of the
5% false alarm rate. through a system of this type had devices in this category.

Alternative supplier claims almost completely eliminated hot
MTBF of 3 years with a 2 axle box problems for one

day repair time. False alarm | passenger train operator.

rate of 1 per 100,000 trains.

P-14 See mitigation measure M-7 for dragging object/derailment detector.

P-15 Manufacturer’s claim is for In-service estimates show Costing information is Maintenance requirement less than 15 Although similar systems are used in
track and sensors to have achieved levels of over 20,000 confidential hours per year with a repair time of 30-90 | Turkey, we are not aware of other
an MTBF 8 to 10 yrs hours MTBF (manufacturer’s minutes. installations outside of the USA, Canada,

claim) Australia and India

P-16 Manufacturer’s claim is for Availabilities range between 85 Costing information is Regular maintenance: weekly visual
track and sensors to have and 95 % depending on the confidential check / cleaning 2hrs. = 104 hrs/year
an MTBF > 10 yrs, and operators skills and environmental Annual inspection and maintenance: 40
computer systems 5-10 yrs | influences Installation into the track 100 hrs. False alarm rate claimed to be

man hours (1- 2 days duration). between 5% and 8%. A weekly test
Setup 160 man hours (2 weeks measurement using a master wheel set is
duration) (+ handover & staff recommended

training).

P-17 Not used

P-18 Many derailments are caused by substandard track that does not | The cost to upgrade and The consequences of derailments at such
meet minimum standards and where speed has been reduced, maintain track to a safe tracks depend on the traffic performed. If
either in freight only lines or in sidetracks at stations. Examples standard can be substantial. it is only for timber traffic in rural areas
can be found in many countries, e.g. Norway, Sweden, Finland, the consequence risk are small. However,
Switzerland, Hungary. In order to reduce the frequency of if substandard tracks also exist in freight
derailments such lines should be closed for traffic operation until only lines or station sidetracks in urban
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P# RAM and/or Effectiveness Assessment Costing Information Comments
Predicted | Observed Purchase and Ins tallation Life Cycle
the standard has been upgraded. areas, the consequences may be severe.
The effectiveness of this measure depends on the degree to
which improved maintenance is carried out, but if maintenance is
carried out to levels similar to main lines, then performance
matching main line performance should be possible.

P-19 This measure relates to the frequency of derailments caused by failure to clear the flange groove. The potential benefit and costs of a revision of this measure can only be judged when the
frequency of freight train derailments which are caused by these defects is known (i.e. during Part B).

P-20 This measure relates to the frequency of rail inspections. The potential benefit and costs of a revision of this measure can only be judged when This measure is closely linked to others,
the frequency of freight train derailments which are caused by track defects is known (i.e. during Part B). (In particular the use of side tracks are for example P-18. If there are insufficient
often the cause of derailments due to poor track geometry and rail conditions.) resources to act on the information

provided by additional inspection then this
measure will not be effective.

P-21 This measure relates to the frequency and coverage of track geometry inspections. The potential benefit and costs of a revision of this measure This measure is closely linked to others,
can only be judged when the frequency of freight train derailments which are caused by track defects is known (i.e. during Part B). (In particular for example P-18. If there are insufficient
the use of side tracks are often the cause of derailments due to poor track geometry and rail conditions.) resources to act on the information

provided by additional inspection then this
measure will not be effective.

p-22 Excessive track twist, in particular in transition curves leaving a The direct track cost of reducing | Increased inspection and maintenance Derailments are in general low speed
highly canted circle segment of a curve, is one of the most track twist might not be high, but | cost may be required to reduce frequency | derailments with somewhat smaller
frequent contributions to derailments in many countries. Existing | a reduction in track twist might of excessive track twist conditions. consequences than derailments at high
intervention and immediate action limits varies from country to reduce allowable speed and speed, but they often occur at stations or
country. In view of the interoperability of rolling stock across hence have an influence on close to stations where the infrastructure
border this is not helpful in avoiding derailments. travel time and capacity. damage can be higher.

If adopted, this measure will be very effective (depending on the
operating limits chosen) in reducing derailments caused by
excessive track twist.

P-23 Tight control of track gauge is important to reduce derailments, in | This is difficult to assess as tighter action limits will increase the maintenance | Itis usual that track width derailments
particular for tracks with old wooden sleepers and old rail cost and the need for sleeper exchange. However, since it is mainly track occur at track with aged wooden sleepers
fastening equipment. The existing measures implied by the with wooden sleepers of a certain age that is exposed to this risk, the cost and at little used sidetrack at stations or
various EU countries vary significantly. The final draft TSI for should be reasonable. on freight-only lines.
conventional rail infrastructure specifies an immediate action limit In some cases the cause has been
only which is laxer than action limits by existing limits in some specified as a dynamic widening of the
countries. track gauge due to the train forces in

curves. In some of the cases rail
If adopted, this measure will be very effective (depending on the compression forces due to high rail
operating limits chosen) in reducing derailments caused by temperatures could have contributed to
excessive track width. the dynamic widening of the gauge.

P-24 A maximum allowed cant inclusive of any variations during Small costs, but track cant might | Reduction in allowed train speed in A very high track cant is unfortunate in

operation is in TSI for conventional rail infrastructure is set at 170
mm for lines open for freight traffic.

have to be reduced to limit the
maximum possible cant

curves in front of signals where freight
trains may expect stop signals.

positions where freight trains may have to

stop, e.qg. in front of signals. In particular if
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Predicted | Observed Purchase and Ins tallation Life Cycle
. . . ) ) . including allowed variations. there is a narrow curve at the relevant

This is a very high cant in particular in curves where trains may track section which can be occupied of a
need to stop regularly, e.g. in front of signals. This is particularly train stopping in front of a signal. The TSI
safety critical if some of the wagons are skew loaded within or allows as much as 160 mm design cant
just outside of specified limitations. _ _ for lines with freight train operation but
If adopted, this measure will be very effective (depending on the limited to R-50/1.5 in curves of R < 290
operating limits chosen) in reducing derailments caused by m.
excessive cant variation.

P-25 The overall derailment frequency reduction potential for a This is a track maintenance issue once the track is installed. Short length Derailments due to track height variations

measure to reduce excessive track height variations is a function
of the number of derailments which are attributable to this cause.
This applies to a single height variation or more cyclic effects.

The degree to which this reduction can be achieved in practice is
dependent on the criteria adopted, and the level to which it is
implemented.

height failures are fairly easy to detect but costly to correct as their cause are
often due to insufficient water drainage of the substructure. However, a speed
reduction will reduce derailment risk.

Long wave cyclic height failures are more difficult to detect, but once detected
they can be corrected by track geometry adjustment

are high speed phenomena and the
speed reduction would be the least costly
action. Due to the high speed the cost
associated with derailments cause can be
high.

Table 17: Performance Assessment for Existing Rolli

ng Stock Preventive Measures

P# RAM and/or Effectiveness Assessment Costing Information Comments
Predicted | Observed Purchase and Installation | Life Cycle

P-26 Flange lubrication for locomotives — see P-2.

pP-27 An analysis of accident reports suggest twice as many The cost of such a measure to The cost of a new wheel tyre is assumed If it can be verified without significant
derailments caused by composite wheels as for mono-block replace composite wheels for to be lower than the cost of a new mono- doubt that mono-block wheels have a
wheels. Whether one type of wheel can be said to have a higher | mono-block wheels depends block wheel. lower failure rate than composite wheels
failure rate than the other depends upon the number of wheels of | upon how it is carried out. . . one could make mono-block wheels
each type and the traffic performance of each type of wheel. ) The operational cost of a fleet of railway mandatory for wagons for hazardous

The most cost-effective cars with mono-block wheels might materials.
If we assume there is an equal number and equal traffic approach would be to make the | therefore be higher than for a similar
performance of each type of wheel the derailment rate could be replacement when existing sized fleet of wagons with composite
approximately halved for the rolling stock with composite wheels wheel tyres are worn out, or wheels, but this depends upon the time
if the wheels were exchanged with mono-block wheels. when the entire wheel including between tyre and wheel replacement and
both rim and tyre has to be the actual cost and time of doing the
replaced. replacement.

P-28 Selection of roller cage material can influence the failure rate of The price difference between We do not know whether the material CargoNet the Norwegian freight train
bearings. Information searches on the internet seems to indicate polyamide type roller cages and | selection has an influence on the life time | operator made a decision in 2000 to
that polyamide roller cages are less exposed to failure due to metal type roller cages is hardly | of the roller cage, but so far we have no replace their brass roller cages with
vibrations, and hence may be a better material then brass in the important. If the replacement such indication that it does. polyamide type roller cages.
roller cages of railway wagon bearings. Failure of roller cages of with a new roller cage material . . o
bearings is an important cause of hot axle boxes, and hot axle is done when the bearing has to | However, internet information indicates EUB of Germany has made the same

that polyamide roller cages make less recommendation to DB Schenker after a
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boxes are among the major causes of freight train derailments. A
reduced roller cage failure rate may therefore have a significant
influence on hot axle box events and also on freight train
derailments.

It is unclear at present the numerical difference in failure rates
between polyamide and brass roller cages; however the
maximum potential may be as much as a 10 % reduction in
overall freight derailment frequency.

be opened and maintained in
any case the cost is assumed to
be marginal.

noise when failures occur, and hence
they might be more difficult to follow-up
by trackside acoustic bearing monitors.

derailment between Bruchmiilen and
Bunde in 2009 and the recommendation
has been accepted by DB Schenker.

We do not know to what extent polyamide
roller cages are common in other
countries.

P-29 Exchange of axles for stronger axle designs is assumed to The cost of this measure is With higher strength axles the inspection Axle ruptures are mainly due to fatigue
influence the frequency of axle ruptures caused by hot axle partly determined by the cost of | frequency might be reduced and hence failures and the important factor is
boxes. As a working assumption, we will assume that 50% to new axles, but also to what the operating cost reduced, but the whether fatigue life of the axles is
90% of axle ruptures may be avoided. extent the wagons has to be inspection frequency is mainly to be increased by an increased strength. If the
taken out of commercial determined by the calculated fatigue life extra strength is achieved by higher
operation during the time of the axles, which might not be strength materials, the fatigue life may not
replacement proportional to the strength. be significantly affected.
P-30 Increased use of central coupler between wagons in fixed whole The use of central coupler has Operating cost may be reduced and
train operation with 4 axle cars are likely to reduce derailment to be motivated by other factors | motivate the reduction.
frequency due to removal of buffer forcers, but heavy whole train | other than reduction in
operations are anyhow not exposed to high derailment risk from derailment risk.
factors that can be influenced by the central coupling
arrangement
P-31 Bogie wagons are less prone to derailments than single axle For tank cars, hopper wagons If more axles are required for same For wagons for containers, swap bodies
wagons. In particular this applies to lightly loaded or empty single | and wagons for bulk transport of | loading capacity an increased inspection and light manufactured objects like
axle wagons with a long wheel base and long overhang. It is heavy materials the trend is for and maintenance cost may result but this | automobiles single axle wagons can give
difficult to quantify the effect of a measure to replace single axle bogie wagons and the cost may | depends upon the type of wagon and a lower unit cost per m of loading basis
wagons with bogie wagons, but it is likely to have a significant be in favour of bogie wagons. load. and will be favoured on commercial
influence of the derailment frequency of freight trains. reasons for some sort of operation. Even
for timber transport we have seen that an
increase in allowable axle load for heavy
timber transport lines have favoured short
coupled wagons with single axle running
gear, as they give a higher loading
capacity per m train length.
P-32 Installation of disc brakes reduces the heat load on wheels and Exchange of brakes from tread Probably not decisive in any way, but has | Disc brakes also have some

may reduce the risk of catastrophic wheel failures, either in the
form of mono-block wheel ruptures or due to displaced tyres of
composite wheels. Hence, disc brakes may reduce the
derailment risk somewhat. An analysis of accident reports
indicates that as many as 8% of derailments are caused by
catastrophic wheel failures

brakes to disc brakes on
existing wagons is very
expensive and must be
motivated by other benefits.

A replacement of cast iron brake
blocks by composite wheel

to be investigated further.

disadvantages as they does not clean the
wheel tread for rub that may form in the
wheel-rail contact if the wheel is blocked
for a short period.

Not being able to remove rub from
blocked wheels may increase the risk of
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As a working assumption, we will assume that 50% to 90% of blocks is a cheaper way of hot axle boxes.
wheel ruptures may be avoided. meeting the noise TSI for

- ) ) existing wagons.
The driving force behind a possible move from tread brakes to
disc brakes may be the “TSlI for railway system noise” that is
difficult to meet by tread brakes with cast iron brake blocks.

P-33 Apply Irish track twist limitations for rolling stock. This measure is a specific case for the Irish railways (Northern Ireland and Republic of Ireland) in the TSI for freight wagons and is probably
granted due to the specific track gauge in Ireland and their captive rolling stock that is designed for such track twist conditions. It is not applicable for the rest of Europe unless changes are
made to rolling stock specifications which are assumed very costly. This measure will not be investigated further.

P-34 Secure brake gear located in the underframe. Based on a review | The cost figure depends upon The lifecycle cost in terms of inspections
of derailment accidents, approximately 2% could have been actual design of wagon brake and replacement of failed securing straps
prevented by such a measure, if it was 100% effective. system, but is assumed to be will increase, but we are not aware of any

relatively small. guantification.

P-35 This measure relates to the frequency of derailments caused by buffer failure (lack of greasing etc). The potential benefit and costs of a revision of this measure can only be judged when the
frequency of freight train derailments which are caused by these defects is known (i.e. during Part B).

P-36 This is the normal wheelset inspection program carried out to by all RUs to ascertain that the wheels and axles are free of safety critical wear damages and cracks. This is normally carried out
by visual inspection as well as ultrasonic or other NDT-methods while the train is in a depot. The effectiveness of this measure will be dependent on the safety culture of the organisation,
amongst other things. A review of accidents during Part B may provide further information to support an effectiveness rating.

P-37 Derating of allowable axle load for type Ai and Aii axle designs. No direct investment cost. Probably a reduced life cycle cost for the Axle ruptures are often high speed
This is a reversal of an exemption granted by some countries to wagons in question, but an increased no phenomena with a large accident
allow higher axle loads than the intended design axle load, and a of wagons is required to do the same potential as shown by the Viareggio
recommendation to revoke such higher loads has been issued by amount of transport, which will increase accident, although we do not know
the JSSG of ERA. the train operating cost. whether the involved wagon in the

o ) ) Viareggio accident has been allowed a
To what_ extent this will redgce axle rgpturgs due to fatigue is higher axle load than the intended design
uncertain, but to remove this exemption will lead to replacement load.
of those axles with new and stronger axles.
As a working assumption, we will assume that 50% to 90% of
axle ruptures may be avoided where this exemption applies.

P-38 Implement EVIC inspection programme for axles. From the No particular purchase or Increased inspection cost might apply, Axle ruptures are often high speed
number of derailments due to this cause the measure seems to installation cost. but the EVIC inspection program may be phenomena with a large accident
have a potential for 5 % reduction in derailment frequency, but more cost- effective than previous potential as shown by the Viareggio
the reduction in derailment cost and consequence is likely to be inspection programmes. accident.
higher as these accidents are normally high speed derailments.

The effectiveness of this measure however needs to be judged
based on the quantity of axle failures that may have been
prevented by this programme. This information is not available
at the present time.

P-39 Like P-36, the effectiveness of this measure depends on the safety culture of the organisation, time allowed for the task and other factors. We
have previously identified, from the ARAMIS method [50] the following relating to the use of human barriers:

= Where the human barrier is of a preventative nature or part of a normal operation, a probability of failure on demand of 107 is
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suggested.
= Where the human barrier requires a specific intervention, a probability of failure on demand of 10™ is suggested.
These values perhaps provide a range, although following development of a risk model in Part B the context in which this measure applies will be
clearer, allowing a better estimate of its potential effectiveness.
Costs associated with a potential adoption of this measure will be relatively minor.
Table 18: Performance Assessment for Existing Train Loading and Operational Preventive Measures
P# RAM and/or Effectiveness Assessment Costing Information Comments

Predicted | Observed Purchase and Installation | Life Cycle

P-40 The discussion at P-39 applies.

P-41 Brake position G for locomotive in G and "Lange Lokomotiv” None. None. This measure is to a large degree already
depending on train weight. Identical or similar requirements exist implemented in most countries.
in many countries to reduce compression forces when braking
long and heavy freight trains. The effectiveness in terms of
avoiding derailments are difficult to assess, particular since this
measure to a large degree is an existing measure that is applied
in most countries. However, we are aware of derailment
accidents which partly can have been caused by not
implementing this measure contrary to the requirements.

P-42 Limitations on brake application at low speed in difficult track None None This is low speed derailments where the
geometries. Abrupt braking of long freight trains at low speed in brakes are already applied and the
difficult track geometries, in particular in deviated track route consequences are normally low, but as
across stations, may cause derailments due to buffer locking. such derailments often happen at stations

) ) . . . they might involve other trains which can
Traction control of qugrn electric traction units might mc_lude ' increase the accident consequences
speed dependent limitations on dynamic braking. Otherwise this severely.
is mainly a matter of good train handling. Uncontrolled
applica@ion of brakes due to an active ATP-system gither due' to Strong regenerative braking through s-
_exceedlng aIIowa_the tra_ck speed or from a locomotive not being curves for instance at crossovers also
in fro_nt and passing a signal at danger may be a cause for such applies. If the wagons are light behind
derailments. the locomotive then derailments may
The potential for overall derailment frequency reduction by occur. (In some few cases even the low
removing this cause is, we believe, about 2-3 % based on an regenerative brake force of today is still
analysis of accidents resulting from this cause, factored by the too high).
effectiveness of the measure. The effectiveness of the measure
is a human factors issue, and will be assessed in the context of
the risk model to be developed during Part B.

P-43 ATP Dynamic brake test on route to get information about brake Embedded in ATP and ETCS- None The use of this measure is dependant
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application.

The potential for overall derailment frequency reduction by
removing this cause is, we believe, about 2-3 % based on an
analysis of accidents resulting from this cause, factored by the
effectiveness of the measure. It can also reduce the collision
risk. The potential risk reduction benefit needs to be factored by
the effectiveness of the measure. The effectiveness of the
measure is a human factors issue, and will be assessed in the
context of the risk model to be developed during Part B.

Predicted | Observed Purchase and Installation Life Cycle
performance. system. Actual cost of adding upon the functionality of the ATP-system.
this functionality to the ETCS is Existing ATP-systems of France,

Normal brake tests before train departure does not give direct unknown. Sweden, Finland and Norway supports
information on the actual performance of the train brakes. In the functionality.
order to improve the information to the driver the ATP-system
that is used in Sweden, Finland, Norway and possibly France The functionality is not included in the
has a function to test the brakes and get feedback about the general ETCS functionality, but is
actual performance of the brakes. Train drivers in Sweden and included in the Swedish and Norwegian
Norway are obliged to use this test at the earliest convenience application. For each brake application
after train departure from the formation yard. A similar the driver may get information about the
functionality is specified for the ETCS -system of Sweden and functionality of the brakes and if it is lower
Norway which is additional to the general ETCS-functionality. than specified in the train dossier he has
The potential for overall derailment frequency reduction by to adjust the train settings accordingly.
removing this cause is, we believe, about 2-3 % based on an
analysis of accidents resulting from this cause, factored by the
effectiveness of the measure.

P-44 Apply saw-tooth braking. This is a Swiss requirement specified in | None None The effect of this measure is to reduce
their train operating rules, “Fahrdienstvorschriften” overall thermal load on the wheel. It is

) . mainly applicable in long and steep

The measure is only of relevance in very long and st_eep_ descent or in trains with low dynamic
desqents and not ameasure that has a genergl appl|cat|on braking capability.
outside of the Alpine countries or other countries with long and
steep descents, such as Norway and Spain.
The overall derailment potential is low, but the measure might be
important in countries where it is applied. Human reliability
assessment would be required to estimate the potential benefit

P-45 Initiate braking prior to passing a signal which requires brake None Increased train running time For a number of reasons this may reduce

the risk of over-speeding and derailment

in track deviations:

. The braking action is initiated earlier
and a gentler braking may be
applied not risking derailment due to
train compression at low speed.

. Less risk of forgetting the speed
reduction and running into an ATP
brake application that might cause
derailment.

P-46 The experience of one IM is that it is possible to reduce to almost
zero the incidence of axle failures / hot axle boxes, with suitable
equipment and suitable instructions concerning dealing with
alarms.

The main cost associated with this measure is potential traffic disruption

dealing with false alarms.

See also comments in P-10.

P-47 We are waiting additional information on this measure. However,
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we believe that it would assist with visual inspection of wagons
and possibly allow detection of incorrect loading during
preparation.

Table 19: Performance Assessment for Existing Mitig ~ ation Measures

M# RAM and /or Effectiveness Assessment Costing Information Comments
Predicted Observed Purchase and Installation Life Cycle

M-1 Manufacturer’s estimate There have been no false Some costing information is No field maintained parts, repair time isto | Training of driver required so that he is
between 500,000 and alarms or known failures with provided in the Agency Impact remove and replace — about one hour per | aware of the installation of the device and
1,000,000 MTBF operational | latest device variant which has Assessment [51] unit. what to do in case brakes applied.
hours per detector. No been in operation on 50 wagons
known failures (despite false (200 units) for about 5 years, Installation time on new wagons | Periodic test required — involving inducing | The application of brakes may not be an
alarms) hence 500 years of operation. is negligible, on older wagons shock (hitting with hammer) to check appropriate mitigation in all cases, and

possibly 3 to 4 hours per wagon. | operational. may increase the risk of a more serious
derailment.

M-7 Dragging object / derailment detectors. In the context of derailment detection these devices offer an alternative to M-1. To be comparable however these devices would have to be fitted at a
very high frequency along the track, with high installation costs and maintenance costs. On the basis that the cost would be prohibitive (compared to M-1) we have not considered these
further.

M-2 These measures are excluded from the scope of future assessment during Part B [1] and hence are not required to have an effectiveness assessment allocated to them.

to

M-6

and

M-8

to

M-13
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Table 20: Performance Assessment for Potential Futu  re Mitigation Measures

Measure | Description Effectiveness Comments

F-1 End of train device (brakes) The potential effectiveness of these devices is reduced in the area governed by EU regulation as freight
trains are generally shorter than in the USA.

However, we propose to establish potential effectiveness criteria based on a review of accidents and an
assessment of those that such devices may have prevented. Should the measure show promise on this
basis then additional information will be sought.

F-2 Awareness programme for rolling stock maintenance A review of accident reports will indicate the potential improvement that could be achieved through the
implementation of a measure of this type (i.e. the reduction of derailments caused by poor maintenance
of freight trains).

A periodic safety check, setting of safety limits etc is a possible implementation method for this
measure.

F-3 The use of thermo-sensitive chalks or similar to check for This measure could be useful in visual examination by RUs to detect for hot axles.

hot axle boxes

F-4 Machine vision devices Costing information is confidential
Claimed to have MTBF of around 10,000 hours for the mechanical parts and 500,000 hours for the
electric parts and an MTTR of less than 10 minutes

F-5 Telematics The potential effectiveness of such measures will be assessed during Part B following a review of
accidents. (Benefits may include for identification of train formation errors at check points, better
communication of maintenance requirements etc).

F-6 Antilock device for freight cars Costing information is confidential
Such devices may reduce the incidence of derailments resulting from locked / fractured axles and
overheating axle boxes. Data on reliability / effectiveness not available at this time.

F-7 Sliding wheel detectors Costing information is confidential
These systems are described as virtually maintenance free. One supplier stated that six units have
been installed, the first in 2003 with no reported failures.

F-8 Handbrake interlock The potential effectiveness of such measures will be assessed during Part B following a review of
accidents. This is likely to be an engineered solution and requires further assessment regarding the
costs and effectiveness.

F-9 Harmless infrastructure Not assessed — this is a mitigation measure and is out of the scope of this project.
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8.0 Part A Conclusions and Part B
8.1 Regulatory Framework - Derailment

We have identified at Section 2.1 the historical and emerging framework in which freight train
derailment risk reduction measures operate. In particular there is an increasing move towards
a harmonised approach, comprising of uniform approaches to safety management, as well as a
more standardised approach to technical requirements and the like.

This is an important initiative from a freight train derailment perspective, especially for
international traffic. In this respect a harmonised infrastructure, rolling stock and operational
rules will provide a more stable operating environment and less variability.

8.2 The Derailment Problem

We report in Section 3.0 the issues leading to, and therefore to be tackled if freight train
derailments are to be reduced, or their consequences minimised. To support this analysis, we
also present the emerging pattern from an analysis of previous derailments.

Figure 12: Approximate Breakdown of Freight Train D  erailments by Category

Accident Causes Breakdown

1%

37%

O Infrastructure m Rolling stock 0O Operational failure 0O Others (environment etc)

It should be noted that human and organisational measures are not reflected in this
breakdown; rather they are underlying causes that may lead to a derailment categorised as
infrastructure / rolling stock and to a lesser extent operational failures. Measures identified that
are address human / organisational failures include P-6, P-7, P-18 to P-25, P-35 to P-47, F-2
and F-3.

These divide into category causes as follows:
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Figure 13: Infrastructure Failures Leading to Freig  ht Train Derailments
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Figure 14: Rolling Stock Failures Leading to Freigh  t Train Derailments
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Figure 15: Operational Failures Leading to Freight Train Derailments
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This analysis indicates that of the 36% of derailments caused by infrastructure failures, nearly
70% of those are caused by track geometry defects. (Therefore 36% x 68% = 25% of all
freight train derailments across Europe are caused by, or have track geometry, as a significant
contributory cause).

We are currently working on refining this analysis, which on completion will comprise the
combined results and inputs from approximately 700 recent freight train derailments, and also
provide a greater level of resolution.

8.3  Measures to Reduce Freight Train Derailment Risk and Consultation

In Section 4.0 we reported on a large consultation exercise, the objective of which was partly to
establish what measures Infrastructure Managers (IMs) and Railway Undertakings (RUS)
currently apply, or could be apply in the future, to manage freight train derailment risk. This
consultation received responses from most major freight carrying countries. A second round of
consultation was directed towards suppliers to the rail market, regarding the technical
measures that were available, together with their performance and other parameters.

As part of this consultation and other complementary research we identified:
« 43 measures in place to reduce the likelihood of a freight train derailment.

« 8 measures that could be introduced in the future reduce the likelihood of a freight train
derailment.

* 13 measures in place to reduce the consequence following a freight train derailment.

For each measure within the study scope we assessed (Section 7.0), or proposed a method for
the assessment of, the performance of each measure

The measures identified and assessed map as following onto freight train derailment causes.
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Table 21: Linkage of Derailment Cause and Preventiv e Measure

Derailment Cause Safety Function Measure P/F#
Hot axle box detectors P-10
. . Acoustic bearing monitoring P-11
Monit le b 1 t K L .
onitor axie bearing temperature Machine vision device F-4
. . Use of thermo-sensitive materials to detect axle temperature condition F-3
Axle failure / seizure - : -
Replace metal roller cages with alternative materials P-28
. Use of stronger axles P-29
Prevent Axle Failure .
Derating of axle loads P-37
Inspect axles of freight train rolling stock according to EVIC P-38
Track geometry tests on all tracks pP-21
Establish EU-wide limits for track twist P-22
. L Establish EU-wide limits for track gauge P-23
Malntagcg:gragleeolrinniirsy within Establish intervention/immediate action limits for track cant P-24
Track geometry Establish intervention/immediate action limits for track height P-25
defects / failures Continuous supervision of track conditions via rolling stock mounted equipment P-7
Adeguate maintenance resources for network P-18
Rolling stock to be more tolerant to Increase rolling stock tolerance to track twist defects P-33
geometry defects
Detection of potential superstructure Ground penetration radar P-6
Rail ruptures / Detection of potential / existing rail Contmulous‘superwsmn pf track conditions via rolling stock mounted equipment P-7
- Track circuit to detect rail ruptures P-8
failures ruptures g . . -
Ultrasonic inspection of rail to detect onset of rupture conditions P-20
Check rail in sharp curves P-1
Flange climb Prevent flange climbing Traqk and flange Iubncaltlon. (mfrasltructure) P-2
Bogie performance monitoring equipment P-15
Flange lubrication of locomotives P-26
Rock scree and avalanche protection structures P-3
Collision with . . ’ Rock scree and avalanche detectors P-4
. Prevent collision with obstruction .
obstructions Level crossing obstacle detectors P-5
Clear track flange from obstructions P-19
P0|Etnsdr:rot\:zinr:ent Prevent points movement under train Interlocking to prevent points movement whilst track occupied P-9
Monitor wheel / brake temperature Hot w_heel ./ .hOt bral_<e detectors p-12
Machine vision device F-4
Wheel load / wheel load impact detector P-13
Detect wheel defects Wheel profile measurement systems P-16
Machine vision device F-4
Wheel structural or Replace composite wheels with monoblock wheels pP-27
profile failure Replace tread brakes for disc brakes (reduce heat activation) P-32
Wheel set integrity inspection programme P-36
Prevent wheel failure Saw tooth braking to limit heat exposure on wheels P-44
Anti-lock device F-6
Use of trackside sliding wheel detector F-7
Install handbrake interlock to prevent train movement with handbrake applied F-8
Overloading / skew  Detect improper loading conditions Whee_l Ioaq _/Wheel_load impact detector P-13
loading / improper Machine vision device F-4
) ) . - Use of registered and certified loading personnel P-40
loading Prevent improper loading conditions .
Use of wagon balance to detect overload conditions P-47
Dragging object detector P-14
Loose equipment Detect / prevent dragging loose Install under-frame cages to retain brake components P-34
quip equipment Regular greasing / check of buffers to prevent them falling off P-35
Machine vision device F-4
Wagon/ rolling stock Detect bogie _hL_Jntlng (s_teerlng) Bogie performance mon|tor|ng equipment P-15
failures Better riding quality Increased use of bogie wagons P-31
Prevent safety failures of rolling stock Safety critical maintenance activities to be checked by two persons P-39
. - Use of central couplers P-30
Train composition . - : ) -
. P Reduce compression forces and ~ Locomotive and first wagon to be in brake position G P-41
failures / buffer ) . - o X
locking buffer locking Operational limit on brake application in certain track geometry P-42
End of train device F-1
Train braking failure Detect onset of train brake defects Perform dynamic brake testing during operation to detect defects P-43
Overspeeding Prevent overspeeding Initiate braking prior to passing signal to reduce overspeeding risk P-45
Failure to take
correct action when Alarm management Implement / improve alarm management instructions P-46
alarm raised

Finally, to supplement this analysis, the work reported in Section 7.0 regarding costs and other
factors will enable a cost-benefit assessment to be completed in Part B.
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Appendix | Terms and Definitions

Term

Description

(the) Agency

European Railway Agency

Csli

Common Safety Indicator

CSM Common Safety Method

CST Common Safety Target

DDD Derailment Detection Device

DNV Det Norske Veritas

EVIC European Visual Inspection Catalogue)

IM Infrastructure Manager

JSSG Joint Sector Support Group

Long Term Measures that are unlikely to able to be introduced before 10 years

Medium Term

Measures that could be introduced within 5 to 10 years

NDT Non Destructive Testing

NSA National Safety Authority

RAM Reliability, Availability and Maintainability

RID Regulations Concerning the International Carriage of Dangerous Goods by Rall
RIV Regolamento Internazionale Veicoli)

RU Railway Undertaking

Short Term Measures that could be introduced before 1st of January 2013

SMS Safety Management System

Targe'g EU-27 countries plus the 3 candidate countries, Norway and Switzerland
countries

TDG Transport of Dangerous Good Regulations

TSI Technical Specification for Interoperability

uiC International Union of Railways

Master - Final Rev 1.doc
Reference to part of this report which may lead to misinterpretation is not permissible

MANAGING RISK =i




21 July 2011
Freight Train Deraillment: Part A Final Report Rev 1 Appendix |l Page 1
European Railway Agency DNV

Appendix Il Rolling Stock and Rolling Stock Operati ons - Questionnaire

Questionnaire Format

Thank you for participating in this study, the subject of which is summarised in the attached
Invitation Letter from the European Railway Agency (“ERA”).

Det Norske Veritas Ltd (“DNV”) has developed a questionnaire to provide us essential study
information. Our questions are set out to capture information on the controls applied by the
freight operators / owners to protect against freight train derailments. A similar questionnaire
has been prepared and issued to infrastructure owners. This questionnaire consists of the
following parts:

1. Respondent details and background information.

2. A section addressing controls in place to prevent or mitigate freight train derailments.

3. A section seeking your experience / ideas on possible additional controls that could be
implemented in the short term.

4. A section asking for your knowledge and thoughts on longer term freight train derailment
that could be implemented information in the longer term.

5. A final section for you to add any additional information you feel may be useful to this
study.

We would be obliged if you could return and complete this questionnaire before 22" October
2010.

There is also an on-line version available. If you would prefer to respond on-line please
contact Gavin Astin (gavin.astin@dnv.com) by e-mail.

Your Confidentiality

This information is being collected by DNV for the purposes of a study to assess the existing
technical and operational measures against freight train derailments in the Community’s
railways. This study is being carried out on behalf of the ERA. The information may be shared
with ERA but will not be disclosed to any other organization. DNV's analysis of the information
provided by respondents may be published by ERA, but individual responses will not be
published. Respondent’s names will be kept confidential and will not be published or disclosed
to any other organisation. Respondents have the right at a later date to change the answers
they provide. The information will be stored and processed securely by DNV in compliance
with the Data Protection Act laws of the United Kingdom and the European Union.
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Part 1: Respondent Details / Background Information
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Please provide a brief description of the freight services operated by your company and your
area of responsibility. Please can you indicate in your response the proportion of your freight

traffic which is:

* National (starts and stops within your national boundaries).
« International (starts or stops outside your national boundaries).

Please tell us which units (train km or wagon km) have been used to calculate the
percentage.

The information supplied will be treated in accordance with the confidentiality statement above.
Please can you indicate any further restrictions that may apply.
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Part 2: Derailment Risk Controls Currently In Use

Question 2.1:Freight Train Derailment Prevention - Risk Controls Used Today

Do your present operations include any freight train derailment prevention measures which address the following derailment causes /
precursor conditions (please answer this question only for controls that are applied to your rolling stock — do not include infrastructure
devices such as trackside detectors):

* Hot axle boxes and axle journal failures.

* Wheel flats and wheel failures.

» Suspension failures.

* Bogie structural failures / under frame items falling off.

* Freight wagon loading errors.

» Brake failures (including setting and testing).

» Inappropriate train operation (over speed, excessive or inappropriate application of braking effort etc).
* Freight train composition (relative positioning of loaded and empty wagons etc).

* Any other causes.

If so, please can you describe these risk control measures below (please use extra space / attachments if required).

Technical measures (e.g. systems or devices; for example on-board condition monitoring etc):
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Operational measures (e.g. standards, work instructions; for example stricter controls regarding train composition or wagon /
suspension type etc):

Procedural measures (e.g. to reduce the possibility of human errors; for example independent checking of loading conditions etc):

For each measure you have specified above, please can you clarify if you have:

a. Implemented this as part of a response to a National, European or International regulatory requirement.
b. Implemented this as part of a company, local or other requirement.

Please state which requirement the control measure addresses:

If you have implemented any measures what is your experience of their effectiveness in terms of preventing derailments?
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Do you know the approximate unit costs associated with the introduction of these measures (purchase / developments costs,
implementation and upkeep costs, disposal costs etc)?

Question 2.2: Freight Train Derailment Mitigation - Risk Controls Used Today

Do your present operations include any freight train derailment mitigation measures (to reduce the consequences of a freight train
derailment)? Such systems may include:

» Special protective features on tank wagons to reduce the risk of tank penetration in case of collision or derailment.
* The use of on-board derailment detection devices to automatically apply train brakes as soon as a derailment is detected.
» Any other measure reducing the impacts immediately after a derailment has been initiated.

If so please can you describe these risk control measures below (please use extra space / attachments if required).

Technical measures (e.g. systems or devices):

Operational measures (e.g. standards, work instructions etc):

Procedural measures (e.g. to reduce the possibility of human errors etc):
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If you have implemented any measures what is your experience of their effectiveness in terms of reducing the consequences of a
derailment?

For each measure you have specified above, please can you clarify if you have:

a. Implemented this as part of a response to a National, European or International regulatory requirement.
b. Implemented this as part of a company, local or other requirement.

Please state which requirement the control measure addresses:

Do you know the approximate unit costs associated with the introduction of these measures (purchase / developments costs,
implementation and upkeep costs, disposal costs etc)?:

Question 2.3: Freight Train Derailment - Maintenan  ce

Please can you describe whether you own and maintain your own rolling stock and the responsibilities for maintenance?

Master - Final Rev 1.doc MANAGING RISK =

Reference to part of this report which may lead to misinterpretation is not permissible




21 July 2011
Freight Train Derailment: Part A Final Report Rev 1 Appendix |l Page 7
European Railway Agency DNV

Please can you describe the controls in place to ensure that maintenance is performed to an acceptable standard on your freight
wagons and locomotives. Please consider in your response how appropriate maintenance standards are selected, how competency
standards for maintenance personnel are developed and how compliance is demonstrated. (If your maintenance is sub-contracted,
what controls do you apply to ensure acceptable maintenance standards in your supply chain.)

Part 3: Your Experience / Improvement Actions
Question 3.1: Freight Train Derailment — Your View  s?

Based on your own experience, can you please describe your viewpoint on freight train derailments? Are you satisfied with the present
situation and what do you consider is the main problem that has to be improved with respect to track, rolling stock and operations?

What additional risk control measures do you think could be quickly implemented (before 1* January 2013) to reduce either the
frequency or consequences of freight train derailments?

What are your views on the costs and benefits associated with the possible implementation of these additional measures?
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Part 4: Technological and Longer Term Development s

Are you aware of any new technology (e.g. systems / devices) currently under development that may be available at some time in the
future to reduce the frequency or minimise the consequences of freight train derailments? Examples may include telematic systems,
on-board condition monitoring and supervision systems etc. Please provide details:

If you have answered yes above, what are your thoughts about this and are you planning to implement / test this new technology. Also,
what are your views on the supply of electrical power to such systems?

Do you have any views on the types of changes that could be made to current instructions (TSIs, if applicable, and other international or
national standards) that would improve freight train derailment performance? If so please can you describe these?

Part 5: Other Comments

Do you have any other comments and thoughts you believe are important when considering the subject of freight train derailment
performance?

There are no more questions. Thank you for you tim  e.
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Appendix Il Infrastructure Design and Operation, T rain Defect Detection and
Condition Monitoring

Questionnaire Format

Thank you for participating in this study, the subject of which is summarised in the attached
Invitation Letter from the European Railway Agency (“ERA").

Det Norske Veritas Ltd (“DNV”) has developed a questionnaire to provide us essential study
information. Our questions are set out to capture information on the controls applied by the
infrastructure owner / manager to protect against freight train derailments. A similar
guestionnaire has been prepared and issued to freight operating companies and wagon
owners. This questionnaire consists of the following parts:

1. Respondent details and background information.

2. A section requesting details of the respondent’s network.

3. A section seeking your experience / ideas on the present situation regarding freight train
derailments on your infrastructure and in general.

4. A section addressing risk control measures used today for the supervision of train and
rolling stock in order to prevent freight train derailments.

5. A section addressing standards and actions regarding infrastructure design and
maintenance that are in place to prevent freight train derailments.

6. A section asking for the infrastructure holder’s ideas and thoughts on the future strategy for
measures to improve freight train safety.

7. A final section for you to add any additional information you feel may be useful to this
study.

We would be obliged if you could complete and return this questionnaire before 22" October
2010.

There is also an on-line version available. If you would prefer to respond on-line please
contact Gavin Astin (gavin.astin@dnv.com) by e-mail.

Your Confidentiality

This information is being collected by DNV for the purposes of a study to assess the existing
technical and operational measures against freight train derailments in the Community’s
railways. This study is being carried out on behalf of the ERA. The information may be shared
with ERA but will not be disclosed to any other organization. DNV's analysis of the information
provided by respondents may be published by ERA, but individual responses will not be
published. Respondent’s names will be kept confidential and will not be published or disclosed
to any other organisation. Respondents have the right at a later date to change the answers
they provide. The information will be stored and processed securely by DNV in compliance
with the Data Protection Act laws of the United Kingdom and the European Union.
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Part 1: Respondent Details / Background Information
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Please provide a brief description of your responsibility in your organisation:

The information supplied will be treated in accordance with the confidentiality statement
above. Please can you indicate any further restrictions that may apply.
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Part 2: Information about your network

Question 2.1: Size, Character and Classification o f Network

What is the approximate size of your network in terms of:

e Line km.

e Track km.

* What percentage share of your network is classified as Trans-European Networks (TEN) and would have to satisfy TSI-regulations
in case of new or upgraded line? (Please mark this not applicable if this does not apply to your operations.)

Please can you tell us if your network is designed and open for mixed traffic or dedicated for passenger or freight traffic? Please specify
approximate percentage share of network length for. Please tell us which units (train km or wagon km) have been used to calculate the
percentage:

» Mixed freight and passenger traffic.
» Dedicated or predominantly for freight traffic only.
» Dedicated or predominantly for passenger traffic only.

Approximately how many freight operating companies do you have on your network?
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Question 2.2: Design and Maintenance Characteristi  cs

For some design parameters there might be a conflict between optimised track and infrastructure for freight transport and optimised
track and infrastructure for passenger transport. For those parts of your network open and utilised for mixed traffic to what extent are
the design parameters of the network optimized for freight or passenger traffic with respect to design speed, cant etc. Please provide a
description:

* Freight traffic.
» Passenger traffic.

Part 3: Freight Train Derailment — Your Views?

Based on your own experience, can you please describe your viewpoint on freight train derailments? Are you satisfied with the present
situation in your country and what do you consider is the main problem that has to be improved with respect to infrastructure, rolling
stock and operations?
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Can you make a judgement with respect to what percentages of derailments in your country are caused by the following factors:

» Infrastructure failures.

* Rolling stock failures.

* Operational failures.

» Others (please specify).

What additional risk controls do you think could be quickly implemented (before 1% January 2013) to reduce either the frequency or
consequences of freight train derailments?

What are your views on the costs and benefits associated with the possible implementation of these additional controls?
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Part 4: Supervision of Freight Train Technical and Operational Conditions — Risk Controls

Used Today
Question 4.1. Technical Condition and Supervision of Trains

Various forms of train supervision installations are available for trackside monitoring of safety critical conditions of the train and
track/infrastructure. Do your present operations include any trackside train and track/infrastructure condition monitoring installations
installed in order to prevent freight train derailments? We are interested in measures which among others address the following causes
of freight train derailments / accidents:

* Hot axle boxes and axle journal failures.
» Overheating of braking installations.

*  Wheel flats and wheel failures.

» Overweight/skew loading of rolling stock.
» Dragging objects/derailments.

* Loading gauge infringements.

» Avalanches, rock falls and earth-slide.

* Any other causes.

To what extent have you installed the above mentioned trackside monitoring installations in your network and how densely along the
track they are installed on various types of lines? (Please specify for each type of detector you apply.)

Can you describe how the information these condition monitoring devices provide is used by the infrastructure owner and or train
operator / rolling stock owner?
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If you use these devices please can you clarify if you have done so in response to a national regulatory requirement, company standard
etc:

Do you have any experience with regard to the efficiency of the above train supervision and condition monitoring installations, and to
what extent are safety critical conditions detected in sufficient time to avoid accidents?

Do you know the approximate unit costs associated with the introduction of these installations (purchase / developments costs,
implementation and upkeep costs, traffic costs etc)?

Do you use any other technical measures (i.e. systems or devices) to prevent or militate against freight train derailments?
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Question 4.2. Supervision of Train Operationsand S  peed

To what extent are the lines used by freight trains equipped with automatic train protection equipment to prevent over speeding and
violation of stop signals along track and in the approach to stations and signals at stations? Please describe the type of installation
used.

How large a part of your infrastructure that is open for freight traffic is equipped for control against over speeding?

What is the functional basis or limitations of the system with respect to continuous or discrete point-wise updating of information along
track?

Does the system provide complete and continuous speed supervision and activate brakes in case of significant over speeding, or does
it give alarms only?
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In case of a discretely updated system how does it handle train acceleration against a control and information update point?

Part 5: Infrastructure Design and Maintenance to Av  oid Freight Train Derailments

A review of freight train derailment accident reports has shown that a very significant part of the freight train derailments results from
failures and sub-standard conditions of the infrastructure.

Typical failure conditions are:

Substructure failures:

« Embankment subsidence.
Earth slides, avalanches.
e Substructure wash-out.
Bridge failure.

e Tunnel failure.

Structural failure of track superstructure:

* Ralil fractures.

« Joint fractures.

* Switch component failure.

* Water accumulation in superstructure ballast.

Track geometry failure:

» Excessive track twist.

* Excessive track width.

* Sun curves.

* Track height failures and track wave patterns.

Other causes.
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Question 5.1: Infrastructure Design Parameters

What are the maximum load (axle load and metre load) as well as train speed allowed for freight trains operating on existing
conventional railway lines in your network?

For some design parameters there might be a conflict between an optimised track for freight transport and an optimised track for
passenger transport. To what extent do you consider these conflicts of interests are balanced in the design and lay-out of old and new
railway lines in your network?

Question 5.2: Infrastructure Condition Supervision and Maintenance Priorities

Please can you describe your preventative maintenance regime and explain how you inspect and maintain your infrastructure to ensure
that it remains within design parameters with respect to safety performance? Please consider in your response how appropriate
maintenance standards and maintenance frequencies are selected for your infrastructure.
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To what extent are funds allocated to provide the necessary maintenance to ensure a safe infrastructure in order to avoid derailment
and other accidents:

e By track access funds?

* By general state funding?

Are the requirements of freight trains and freight only lines given equal priority to the passenger train requirements when allocating
maintenance resources to infrastructure?

Please can you explain your philosophy in relation to the problem of conflicts of interest. [A typical conflict of interest can be: Speed
standard of mainline verses track standard of sidetracks at locations used for freight train to be overtaken by freight trains. A number of
freight train derailments occur in sidetracks at stations which have not been well maintained].
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Please can you describe how competency standards for maintenance personnel are developed and how compliance is demonstrated?
(If you use external resources please can you describe the controls in place within your supply chain?)

Part 6: Available Technology and Longer Term Devel = opments

Are you aware of any new technology (e.g. systems / devices) currently under development that may be available at some time in the
future to reduce the frequency or minimise the consequences of freight train derailments? Please provide details:

If you have answered yes above, what are your thoughts about this and are you planning to implement / test this new technology?

Do you have any views on the types of changes that could be made to current instructions (TSls — if applicable - and other international
or national standards) that would improve freight train derailment performance? If so please can you describe these?
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Part 7: Other Comments

Do you have any other comments and thoughts you believe are important when considering the subject of avoiding and/or reducing the
consequences of freight train derailments?

There are no more questions. Thank you for you tim  e.
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Appendix IV Supplier Questionnaire
Introduction and Common Questions

The purpose of the project

Det Norske Veritas is carrying out a study on behalf of the European Railway Agency to
identify, describe, analyse and assess the most efficient options for existing or new safety
measures (technical, operational or organisational) contributing to preventing or mitigating
freight derailments in the Community’s railways. A semi-quantitative assessment of the
measures’ efficiency (cost/benefit) shall be carried out and the impact of the measure on the
fault/event tree shall be identified. The study was started in mid 2010 and will complete by
June 2011.

The purpose of the questionnaire

The purpose of this questionnaire is to collect information on technical measures from the
industry, primarily suppliers/manufacturers of such devices and systems. By technical
measures we mean: “Technical devices to prevent or mitigate derailment or system monitoring
the state of the railway system (rolling stock / infrastructure) to allow detection of derailment or
early detection of hazardous conditions that may lead to derailment, and which upon detection
takes appropriate action (recording, alarm, emergency brake).” This includes, but is not
limited to, measures such as:

« Hot axle box/bearing detector (HABD)

» Acoustic bearing defect detectors

« Hot wheel and hot brake detectors

« Wheel load detectors & Wheel impact load detectors

- Derailment or dragging object detectors

»  Truck lateral instability detection (truck hunting) / Truck performance detectors
«  Wheel profile measurement system / Wheel profile monitoring unit

« Loading gauge infringement detectors (High car detector / Wide-load detector)

Confidentiality

The information provided will be used solely for the purposes of this study. The information
may be shared with ERA but will not be disclosed to any other organization. DNV's analysis of
the information provided by respondents may be published by ERA, but individual responses
will not be published. Respondent’s names will be kept confidential and will not be published
or disclosed to any other organisation. Respondents have the right at a later date to change
the answers they provide. The information will be stored and processed securely by DNV in
compliance with the Data Protection Act laws of the United Kingdom and the European Union
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Interviewee
No Question Response
1-1 Name of organisation/company

1-2 Name of interviewee
1-3 What is your role in the organisation?
1-4 Contact details of interviewee
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Identification of organisation and products

No | Question Response Guidance/notes

2-1 | What kind of products does Some examples are provided
your company produce which above (hot axle box detector etc).
can contribute to reducing the
probability or consequence of For each product we are asking
derailment? that you complete a separate

product specific form which has
also been sent to you

2-2 | Has your company marketed Please identify specific product
similar products in the past names/identifiers if possible
which are no longer produced
or marketed?

2-3 | Do you manufacture all of
these products yourself or are
you a reseller for some of
them?

Please see separate questionnaire for product specific questions.
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Future developments

No | Question Response Guidance/notes

6-1 | What other types of technical
measures are you currently
developing?

6-2 | When will these be available in
the market place?

6-3 | Are you aware of other future Ongoing research in
developments with respect to companies/research
technical measures for institutions/universities?
preventing/mitigating
derailment?
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Product Specific Questions

The purpose of the project

Det Norske Veritas is carrying out a study on behalf of the European Railway Agency to
identify, describe, analyse and assess the most efficient options for existing or new safety
measures (technical, operational or organisational) contributing to preventing or mitigating
freight derailments in the Community’'s railways. A semi-quantitative assessment of the
measures’ efficiency (cost/benefit) shall be carried out and the impact of the measure on the
fault/event tree shall be identified. The study was started in mid 2010 and will complete by
June 2011.

The purpose of the questionnaire

The purpose of this questionnaire is to collect information on technical measures from the
industry, primarily suppliers/manufacturers of such devices and systems. By technical
measures we mean: “Technical devices to prevent or mitigate derailment or system monitoring
the state of the railway system (rolling stock / infrastructure) to allow detection of derailment or
early detection of hazardous conditions that may lead to derailment, and which upon detection
takes appropriate action (recording, alarm, emergency brake).” This includes, but is not
limited to, measures such as:

» Hot axle box/bearing detector (HABD)

» Acoustic bearing defect detectors

» Hot wheel and hot brake detectors

« Wheel load detectors & Wheel impact load detectors

« Derailment or dragging object detectors

« Truck lateral instability detection (truck hunting) / Truck performance detectors
« Wheel profile measurement system / Wheel profile monitoring unit

» Loading gauge infringement detectors (High car detector / Wide-load detector)
Confidentiality

The information provided will be used solely for the purposes of this study. The information
may be shared with ERA but will not be disclosed to any other organization. DNV's analysis of
the information provided by respondents may be published by ERA, but individual responses
will not be published. Respondent’'s names will be kept confidential and will not be published
or disclosed to any other organisation. Respondents have the right at a later date to change
the answers they provide. The information will be stored and processed securely by DNV in
compliance with the Data Protection Act laws of the United Kingdom and the European Union.
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Product: <Please state the name/identification oft  he product here and fill in one of these questionna  ires per product (preferably
with one file per product, renaming the file to the product name)>

Market

No Question Response Guidance/notes
3-1 What is the primary function of
the product?

3-2 How does the product work?
Where is it installed?
What technology is employed?

3-3 Is the product employed
primarily for passenger traffic,
primarily for freight traffic or
both?

3-4 When was this product
introduced to the market for the
first time?

3-5 Has the product since been
updated? If yes, what are the
major changes introduced and
when were these introduced?
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No Question Response Guidance/notes

3-6 Are you working on further
developing this product?

If yes, when is the new
generation/version likely to be
available in the market?
What will the major
improvements/changes be?

If no, when is it likely to be
withdrawn from the market?

3-7 How many items of this product Please provide specific
have you sold world wide/in the information on what the
EU throughout its lifetime? numbers cover (years,
countries). Number of items
What has the total volume of may also be specified in
sales been in monetary terms categories:
(world wide/EU)? e Below 50
+ 50-500
* Above 500

Volume of sales may also be
specified in categories:

+ Below 1.000.000 €

+ 1.000.000 - 10.000.000 €
» Above 10.000.000 €

Please state currency units.

3-8 Which countries constitute the
most important markets for this
product?
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No Question Response Guidance/notes
3-9 What do you think is the Number of items may also be
potential market size for this specified in categories (NOTE
product (world wide/EU) in THAT THESE ARE
number of units if the product DIFFERENT FROM ABOVE):
were to be adopted on a more e Below 500
wide spread basis? e 500-5000

* Above 5000
What do you think is the

potential market size for this Volume of sales may also be
product (world wide/EU) in specified in categories (NOTE
monetary terms if the product THAT THESE ARE
were to be adopted on a more DIFFERENT FROM ABOVE):
wide spread basis? * Below 10.000.000 €
e 10.000.000 - 100.000.000
€

* Above 100.000.000 €

3-10 | What do you think will be the
most important market
geographies in the future?

3-11 | What are the main competing Competing products may also
products to this product? include substitutes, i.e.
products based on other
technologies or with other
functions, but serving the same

purpose.
3-12 | What is your market share (in %)
for this type of product world
wide / in EU?
3-13 | How do you assess your market Market leader, one of a few
position compared to the major suppliers, one of many
competition? suppliers.
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Costs and benefits

No

Question

Question/response guidance

Guidance/notes

4-1

What is the indicative price
of a single product?

Prices should be exclusive of
VAT. If indicative price is not

available, the following
What is the effort required to categories may be used
install a product (hours of instead:

work)? * Below 5.000 €

« 5.000-10.000 €

+ 10.000 - 50.000 €

e More than 50.000 €

4-2 | Does the product require
any regular maintenance
activities?

What is the effort associated
with these activities (hours
of work/year)?

When it fails, is the whole
unit replaced, or can a lower
level repair be made?

What is the effort on
average associated with
such repairs (hours of
work/year)?

Are there any specific
disposal requirements with
cost implications?

4-3 | What are the assumptions
of the costs given above?
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No

Question

Question/response guidance

Guidance/notes

4-4

How should the product be
deployed to maximise its
benefits?

Where should it be
installed?

How densely should it be
installed?

4-5

What operational aspects
need to be considered in
order to reap the benefits of
the product?
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RAMS aspects

No

Question

Response

5-1

What is the estimated lifetime of the product?

5-2

What is the estimated Mean Time Between
Failure or other reliability measure of the
product?

What is the estimated Mean Time To Repair or
other maintenance measure of the product?

How will failures of the product be detected?
Will all failures of the product be detected? If
not, are these failure modes dangerous?

What is the estimated rate of False Alarms of
the product?

Do you have a system for collecting
reliability/availability statistics from actual
installations?

What is the in-service reliability performance of
this equipment?

5-7

What is the actual measured Mean Time
Between Failure or other reliability measure of
the product?

What is the actual measured Mean Time To
Repair or other maintenance measure of the
product?

What is the actual measured rate of false
alarms?

5-10

Has the product been approved by relevant
safety authorities?

Which safety authorities?

What is the geographical scope of the
approval?
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0.0 Executive Summary
0.1  Study Scope and Objectives

Det Norske Veritas (DNV) is completing a study on behalf of the European Railway Agency
(the Agency), the objective of which is twofold:

1. Part A has the objective of identifying all prevention and mitigation measures that exist
today or could be implemented within the short term (before 1st of January 2013) or
medium term (ready to be applied or to be introduced in EU regulation within 5 to 10
years). For these measures, Part A work is also required to assess the market status for
technical measures (defined as devices or systems) and establish objective performance
data for the identified measures. The work in Part A also extends to identifying, as far as is
possible, potential long term measures (not expected to be ready to implement within 10
years) as an input to other research projects currently underway.

2. Part B has the objective of analysing the measures identified in Part A with a view to
establishing those that show the most promise from a risk reduction viewpoint. Part B
addresses such measures which are available at the short and medium terms.

The geographical scope for this work is the EU-27 countries plus the 3 candidate countries,
Norway and Switzerland. In addition, the USA and Japan are considered in the scope of safety
measure identification, but limited to the most commonly used safety measures and to the
foreseeable innovations at medium term.

This report concerns the Part A remit associated with identifying all prevention and
mitigation measures that exist today. Other work in Part A deals with the other scope
requirements, and is separately reported. It should be noted that this report is factual in nature
and does not seek to make any assessment regarding performance or effectiveness of the
identified measures - all measures reported here are to be taken forward for consideration on
Part B.

0.2  Methodology and Study Results
The measures reported here have been identified from a number of sources:

1. Direct consultation with Infrastructure Managers (IMs), Railway Undertakings (RUs) and
other stakeholders within the rail freight community.

2. Research of accident reports and other publications (Network Statements etc).

3. Literature surveys and internet research.

The work has identified:

e 47 measures that are in place to reduce the likelihood of a freight train derailment.

e 13 measures that are in place to mitigate the consequences of a freight train derailment.
Considering preventative measures, these are categorised as follows:

e Technical infrastructure (7 measures), for example the use of “check rails” at certain
locations.

e Control, Command and Signalling (2 measures), for example interlocking of points
operation whilst track is occupied.

e Trackside rolling stock supervision (8 measures), for example hot axle box detection
systems.
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e Infrastructure organisational / operational (8 measures), for example measures to ensure
that the flange groove is free from obstructions.

¢ Rolling stock technical (10 measures), for example replacement of composite wheels for
monoblock wheels.

e Rolling stock organisational / operational (4 measures), for example wheel set integrity
inspection.

e Train loading / pre-departure checks (2 measures), for example the qualification and
registering of people tasked with ensuring train loading conditions are in accordance with
requirements.

e Train operations (6 measures), for example the development and implementation of rules
for dealing with alarms (that may be raised from hot axle box detection systems, and other
such devices).

Considering mitigation measures, these are categorised as follows:

¢ Rolling stock technical (4 measures), for example the use of devices to detect a derailed
axle and then automatically apply train brakes.

¢ Infrastructure (5 measures), for example the use of dragging obstacle detectors.

e Operational (4 measures), for example the separation of passenger and freight traffic onto
dedicated lines.

0.3  Conclusions and Next Steps

This work reported here has established what we believe to be a comprehensive list and
description of existing measures that are in place to reduce the likelihood or consequence of a
freight train derailment. However future work (Part B) will supplement, if required, the list of
measures discussed in this document and add any new measures that are advised to the
project team.

The next project step will take these existing measures forward into Part B and assess their
effectiveness in terms of freight train derailment risk reduction, in accordance with the Part B
study objectives.
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1.0 Introduction

In order to have an effective rail network the occurrence of derailments must be minimised.
Historically, this has been achieved through technological, operational and organisational
improvements and the voluntary adoption of common practices and design standards. More
recently the introduction of the Railway Safety Directive, Interoperability Directive and
Technical Specifications for Interoperability has led to a more harmonised and open approach,
especially with respect to cross border traffic. Other directives, such as the International
Regulations for Transport of Dangerous Goods by Rail (RID), also have an important role to
play in the minimisation of risk for certain types of rail transport.

During this time, national and more recently EU wide measures have been introduced to
prevent and mitigate the consequence of freight train derailments.

The purpose of this document is to identify these existing measures and report them so that
they can be further considered with regards to their effectiveness. A specification for this task,
[1] is provided below:

A specification for this task, [1] is provided below:

Existing measures shall cover both prevention and mitigation measures of freight train
derailments. Task A.1 will identify the existing measures (either regulatory at national
and at EU level, or voluntary, for example at Company level) and, where applicable, the
related specific device/system in use. The identification shall cover human, operational,
organisational and ‘technical’ measures (i.e. based on the use of a device or a specific
technical system). The identification should contain a reference to existing regulatory
requirement (in RSD, TSls, National Safety or Technical rules) in which each given
measure contributes.

For EU Member States, an exhaustive list of technical’ measures shall be provided. For
at least the USA and Japan, the most commonly applied technical measures will be
listed as well as the most innovative ones.

Existing safety measures means currently applied for implementing a given regulation
requirement, or applied on a voluntary basis.

The objective of this report is to identify a comprehensive listing and description of existing
measures currently in place for the reduction of freight train derailment safety risk. This report
does not however seek to make any assessment regarding performance or effectiveness.

The work reported here will be taken forward to a further project stage (Part B) that will seek to
identify the most promising measures from those identified here. The future work (Part B)
referred to will supplement, if required, the list of measures discussed in this document and
add any new measures that are advised to the project team.

All identified measures will be considered in Part B.
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2.0 Description of the Train Derailment Problem
2.1  Introduction
The railway transport system consists of:

o A fixed infrastructure comprising train formation yards, track, power catenaries, signalling
and telematics system for communication.

e A number of transport units consisting of traction equipment and load carrying units (rolling
stock) normally coupled into trains of a certain length.

e Operational personnel in an organizational structure that ensures qualified personnel as
well as appropriate operational procedures and information management for handling the
trains on the relevant infrastructure in a safe manner.

The essence of a safe railway operation is to manage and ensure the following:

1. Structural and functional integrity of the infrastructure and its subsystems.

2. Structural and functional integrity of the rolling stock.

3. Control of the infrastructure — train interface in terms of wheel — rail guidance.
4. Train operation and management necessary for a safe and effective operation.

The management of all four tasks is important and we will address each of them briefly below
in relation to the derailment problem.

2.2 Definition of Derailment and Relation to Other Accidents

Annex | of the Railway Safety Directive /50/ gives a listing of the main accidents types to be
applied in specification of indicators related to accidents. This categorization is also used by
the ERADIS database and is as follows:

¢ Caollisions of trains, including collisions with obstacles within the clearance gauge.

e Derailment of trains.

e Level-crossing accidents including accidents involving pedestrians at level-crossings.
e Accidents to persons caused by rolling stock in motion, with the exception of suicides.
e Fires in rolling stock.

e Others.

Derailment is specified as one of the primary accident groups, but a derailment may also occur
as a consequence of other primary accidents specified above, for instance collision with
obstacles and level-crossing accidents. For many of these accidents it is the derailment that
causes severe consequences. In the search for preventive measures we have included
preventive measures to reduce the frequency of accidents likely to cause a derailment when
the derailment is considered to be the part of the accident producing the most severe
consequence. This particularly applies to collisions with obstacles within the clearance gauge
in terms of stones, earth slides ice accumulations etc.

Note that to distinguish between measures that are primarily in place to prevent collisions, but
which have secondary benefits in also preventing subsequent derailments, we have classified
all our measures with either “D” or “I”, see tables later in this document. D (direct) has the
meaning that the measure is applied with the principal objective of reducing the risks
associated with derailments, where | (indirect) signifies that reducing derailment risk is a
secondary benefit.
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Derailment is defined as an enduring loss of the contact with the running surface of the
railhead of at least one wheel.

2.3 Structural and Functional Integrity of the Infrastructure

Important elements to minimize derailments are the integrity and functionality of the track and
the provision of an unobstructed train gauge as well as the functionality and safety of the
signaling system. This includes:

e Integrity of the substructure, e.g. integrity of bridges, tunnels avoidance of subsidence and
foreign objects on track and in the free train profile. Safety critical failures can be collapse
of tunnels and bridges, track subsidence, foreign objects on tracks and in the free profile of
trains, rock screes and avalanches on track. (A number of these causes may initially lead
to collision with obstruction, with derailment as a secondary consequence, as discussed
above.)

¢ Integrity of the superstructure including track, rails, points (turnouts), sleepers, rail fastening
equipment etc. Safety critical failures can be track buckles, rail ruptures, worn rails, broken
sleepers, lost or damaged rail fastenings.

¢ Functionality and safety of the signaling system with regard to clear and correct train
driving information with respect to movement allowances and operational speed along the
line.

Each of the above groups is briefly described below:
2.3.1 Substructure Failures

The substructure consists of the structural earthworks for the railway, bridges and tunnels in
order to provide a basis for the rail superstructure. It also includes the side terrain as far as is
necessary to ensure the safety of the rail infrastructure. Substructure failures which can cause
derailments are:

e Structural earthworks eroded and washed away due to flooding of rivers and streams
crossing or running parallel to the railway.

e Subsidence of earthwork and superstructure ballast due to water accumulation and high
water level in the earthwork due to insufficient or failed drainage.

e Foreign objects from side terrain in form of earth and rock screes and trees blocking the
required free train profile, including vehicles from crossing or parallel roads. Structural
collapse of bridges and tunnels. (A number of these causes may initially lead to collision
with obstruction, with derailment as a secondary consequence, as discussed above.)

e Frost heave in cold countries.

Protection against external hazards as well as inspection and maintenance of track drainage
and side terrain are important activities to minimize derailments.

2.3.2 Superstructure Failures

The superstructure consists of the top ballast layer, the sleepers, rail fastenings and the
running rails. Points and rail crossings also belong to the superstructure. Superstructure
failures that can cause derailments are among others:

¢ Ruptures and excessive wear of main rails, switch rails and joint bars.
e Broken or missing rail fastenings.

e Point geometry failures.
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Derailments due to track geometry failures which often are an interface problem between track
and rolling stock are discussed in Section 2.5.1.

2.3.3 Signaling and Train Control Equipment

Failure and insufficient functionality of the signaling and train control equipment can also be a
cause of derailment with ambiguous signaling information or points being allowed to operate
while a train is passing or located on top of the point.

2.4  Structural and Functional Integrity of the Rolling Stock

Important elements to minimize derailments are the integrity and functionality of the rolling
stock. This includes:

e Integrity of the rolling stock running gear including wheelsets (wheels, axles and bearings),
suspension and bogie structure. Typical safety critical failures are ruptures of axles and
wheels, suspension failures in terms of broken or locked springs or sheared bearings.

e Integrity of the wagon or load carrying units, frame and load bearing capability. Typical
safety critical failures are wagon frame twist, failure of load bearing elements, buffer failure.

e Integrity of train braking equipment. Typical safety critical failures in relation to derailment
are brakes that are non operational or partly operational only, brakes that do not release
and lead to overheating wheels, or if braking equipment falls off the wagon.

2.4.1 Wheelset and Bearing Failures

Critical components in relation to train derailment are wheelsets and bearings, and the
following types of failures may occur:

e Sheared bearings or increased friction in bearings causing overheating of the axle box and
rupture or shearing of the axle journal (i.e. the parts of the axle that are outside of the
wheel). This type of failure can be discovered by trackside detectors (hot axle box
detectors or acoustic bearing failure detectors). If a bearing is damaged a hot axle box can
develop very quickly and the situation can only be detected by traffic staff or by trackside
detectors.

¢ Rupture of axle shaft or axle journal due to fatigue. This type of failure is often initiated by a
mechanical scratch or defect in the axle material or a corrosion attack due to a fault or
mechanical damage to the corrosion protection layer of the axle. The crack initiation is slow
and maybe difficult to detect unless it has a visible cause. Once the crack has grown to a
size that can easily be detected by testing equipment, the further growth can be fairly rapid.
Detection and correction of possible crack initiation points are therefore essential.
Increased use of high strength materials can reduce the fatigue lifetime of the axle.

This type of failure will normally not be detected by hot axle box detectors or any other type
of detectors, at least not if the crack is located in the axle shaft (i.e. between the wheels).

e Wheel failure. The most common type of wheel failure is “out of roundness” failures such
as wheel flats, wheel tread wear and shelling, oval wheels etc. By themselves they seldom
cause derailments, but wheel tread failures and out of roundness lead to increasing load on
the bearing and wheel flats may rupture rails, in particular under cold weather conditions.

e Wheels can be of two types: either monoblock wheels where the entire wheel is forged in
one piece, or as a composite wheel with a separate rim and an outer tyre which is shrink
fitted on the wheel.

» For composite wheels the tyre can come loose and move sideways on the rim affecting
the wheel width of the axle and cause derailment, or it can break and fall off or come
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loose entirely with the same result. Wheel tyre heating due to strong braking action can
cause the tire to move on the wheel rim. Composite wheels have therefore been
removed from operation in some countries with mountainous lines where prolonged
braking action is required. Rim and tyre wheels should normally be marked so that any
relative movement between the wheel and rim can easily be discovered.

= For monoblock wheels a rupture of the entire wheel may occur either due to a material
failure or a mechanical defect initiating a crack. Heating of the wheel tread by strong
braking action by tread brakes can contribute to wheel rupture.

2.4.2 Wagon Frame and Wheel Suspension Failures

The twisting flexibility of a wagon frame and the suspension is important in order to avoid
unloading of a wheel in a twisted track in transition curves. There are requirements relating to
the flexibility of railway wagons and suspension to ensure that the wheels are not unloaded
under normal track conditions. Further the suspension dampens forces to the track from wagon
movements.

Failures that can cause derailments are ruptured suspension springs or wagon frame twist. In
particular wagon frame twist can be difficult to discover during visual inspection.

2.4.3 Brake Failures

Failures of train brakes and inappropriate braking actions can cause derailments of freight
trains. The most obvious is if the train can not be braked to adhere to signals or speed
reduction signs along the line, and if the train is in a steep descent a runaway train may be the
result. In order to avoid such situations there are requirements for brake testing prior to
departure in all railway operations.

Failures of brake action of a single wagon are not considered critical and hence it is not
uncommon that brakes of a single wagon are closed off if there are failures with the brake
equipment e.g. brake blocks missing or brake blocks not meeting minimum thickness (and they
cannot be replaced prior to departure). Further, if the brakes of a wagon do not release
properly it is a cause for closing the brakes of the wagon as braked wheels cause wheelflats
that can damage the rails.

The braking force of the individual wagons is adjusted according to the loaded condition of the
wagon, either by automatic weighing valves or by a manual handle. The speed of brake
application and the braking profile according to train speed can also be adjusted by manual
handles on the side of the wagon with 3 possible positions G, P & R. Normally the brakes of
wagons in freight trains are operated in position P apart from the locomotive and first wagons
in long trains that have to be operated in brake position G.

Application of the brakes of a freight train is controlled by manipulating the drivers brake valve
in the front of the trains and reducing the pressure in the brake pressure line. The speed of
brake signal transmission is governed by the speed of sound in the pressure main and the
minimum transmission speed according to UIC 540 is 250 m/s. Freight train length of
approximately 800 metres are allowed in some countries e.g. Denmark. Hence, the brake
application in the front may occur more than 3 seconds prior to the brake application in the rear
of the train. This will cause strong compression forces in the train that can cause derailment in
sharp curves or if brakes are applied in deviated train routes across stations. The requirement
of putting the brakes of the locomotive and the forward wagons in brake position G is to limit
the compression forces as G is a slow brake action position.
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2.5 Control of the Interface between Train and Infrastructure
Track geometry failures are a frequent group of infrastructure caused derailments.

A rail vehicle consists of a body supported by secondary suspension on bogies in which the
wheelsets are mounted and dampened by means of primary suspension. Track guidance of
the wheel is achieved in principle by the following two provisions:

e The wheel surface contacting the rail is conical which means that in straight track a
centering force is exerted on the wheelset if there is a slight lateral displacement. The
centering effect promotes a better radial adjustment of the wheelset tyres of the wheel. This
leads to more rolling, less slipping and hence less wear.

e The running surface of the rail wheel has flanges on the inside of the track to prevent
derailment. In case of more considerable lateral displacement both in curves and on
switches, the lateral clearance between wheelset and track is not sufficient to restrict lateral
displacement adequately by means of the restoring mechanism previously discussed.
Should the wheel flange touch the rail head face high lateral forces and wheel and rail wear
will occur.

2.5.1 Derailment due to Track Twist

A derailment due to track twist occurs when there is a high horizontal guiding force between
wheel and rail and a reduced vertical load that is insufficient to prevent the wheel flange from
climbing the rail. A horizontal guiding force always occurs in curves and a reduced vertical load
can occur due to track twist or insufficient torsional flexibility of the wagon frame and
suspension (springs).

Track twist occurs as a designed and constructed feature of the railway track in transition
curves leading into and out of a circular canted curve or due to uncorrected faults in the
trackbed. Factors that contribute to unloading of wheels in twisted tracks are:

¢ Increased horizontal guiding force due to tight curve.
¢ Low wheel loads due to empty or partly loaded vehicles.
e Torsionally stiff vehicles in particular if they have a long wheel basis.
e Skew loaded vehicles, and:
= Low train speed.
= Unfavorable friction conditions associated with dry rails.

= Another unfavorable factor can be compression forces in the train due to uneven
braking along the train with too strong braking in the front of the train.

Derailment due to track twist is therefore a complex phenomenon not always easy to control
under all operational conditions, but generally it is most likely to occur at low speed. Speed
reduction may therefore not be an appropriate risk reducing measure for excessive track twist
failures.

2.5.2 Derailment due to Height Failure (cyclic tops)

Height failures in the track can cause derailments, in particular if there are regular undulations
in the track causing unfavourable excitations of the wagon suspension at the travelling speed
of the train. Such failures are normally not discovered by local static measurements. A
derailment due to height failure (cyclic top) can also be caused by single dip followed by a top.
Such conditions may develop in track passing one or more points if the substructure is weak.
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Derailments due to height failures or cyclic tops normally occur at high speed. Speed reduction
is a relevant risk reducing measure.

2.5.3 Derailment due to Excessive Track Width

If the dynamic track width becomes excessive one of the wheels can fall below the rails. This
occurs most often where the track superstructure and rail fastening is weak, either with lost
fastenings or old wooden sleepers not giving good support for the fastening. This is most likely
to occur on track that has not been given sufficient priority in maintenance, either on sidelines
or in sidetrack at the stations. Speed reduction may decrease the derailment risk.

2.5.4 Derailment due to Track Buckles

Heating of the track may cause sudden track buckles (sun curves). They occur abruptly, often
while train is passing, and can cause very serious derailments. They occur most often in
curves and close to a fixed point in the track. It is controlled by addressing the track
temperature or track stresses during construction and the position of the track. Rail creep due
to braking and/or traction can contribute to developing heat buckles.

2.6  Train and Infrastructure Operation

Operational actions and omissions by transporters, train operating staff, rolling stock operators
as well as infrastructure traffic controllers can influence the risk of derailment in many ways as
indicated below:

e By inappropriate loading of wagons, i.e. skew loading or insufficient fastening of
transported loads.

e By inappropriate train composition with uneven train load and train brake distribution.
¢ By insufficient train inspection and brake testing.

e Switching of the point whilst the point is occupied by a train.

e By mishandling of the train en-route by train driver.

Derailments classified as operational failures include a very wide variety of causes involving
different actors. Inappropriate loading is one of the more significant of these causes and is
discussed in more detail below.

2.6.1 Loading Failure

Restrictions apply in every country with regard to maximum allowed load of a wagon as well as
lateral and longitudinal load distribution.

Among the applicable restrictions are:

¢ Maximum axle load, both in relation to rolling stock and infrastructure limitations.
e Longitudinal and lateral load distribution in the wagon.

e Requirements for securing of loads against movement along the route.

An increased use of containers and swap bodies however makes it difficult to control the load
distribution. An increased use of large front wheel loaders for loading of hopper wagons also
represents a new challenge with regard to controlling against skew loading, as loading of
hopper wagons by front wheel loaders can cause significant skew loading. Due to a high
centre of gravity this can be particular critical under certain track conditions. An example of a
skew loaded hopper car is shown in Figure 1.

HES

EXTERNAL Final A1 Report 18 04 MANAGING RISK

Reference to part of this report which may lead to misinterpretation is not permissible



18 April 2011
Freight Train Derailment: Existing Measures Rev 2 Page 8
European Railway Agency DNV

Figure 1: Skew loaded hopper car

2.7 Coarse Derailment Cause Distribution

To put the freight train problem into context, DNV has completed a review 103 accidents
occurring across the EU-27 and candidate countries, plus Norway and Switzerland. Whilst this
is not comprehensive enough to provide a thorough analysis of the problem, it does give some
useful insights which we report below. In this context, derailment analysis is used to identify
the main causes and indirectly existing measures. Identification of measures was
complemented by surveys of stakeholders. The (103) derailments analysed is not used for
statistical purpose, for that objective it will be completed with other samples and conservative
assumptions during Part B work.

We have noted that the accident investigation reports are generally focussed on finding the
direct derailment causes and do not often go behind the direct cause to find the deeper roots of
the accident. For example, if a derailment is caused by excessive track twist the investigation
rarely investigates the question of why the track twist was too high, or why a known track twist
had not been corrected within specified time limits. Bearing in mind this limitation, the following
is a coarse indication of accident causal distribution.

Infrastructure causes (including combinational causes where infrastructure is a contributing
cause) accounting for 35% - 45% of derailments within the 103 accidents studied:

e By far the most significant cause in this category is track geometry failure. It is interesting
to note that in many of the cases where faulty track geometry has been a derailment cause
the track geometry has been significantly outside allowable limits, and this condition has
been known by the infrastructure owner.

e Superstructure failures are the next most common cause, although at a significantly lower

incidence level.
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Rolling stock failures (including combinational causes where rolling stock is a contributing
cause) account for approximately 35 % of derailments within the 103 accidents studied:

e The most significant cause of accidents in this category is axle failures, resulting from hot
axle boxes. It is interesting to note when considering derailments caused by this cause
that Hot Axle Box Detectors (HABD) are by no means an absolute mitigation. From our
accident analysis we have identified a number of derailments where the freight train passed
a HABD shortly before a derailment occurred. These events occurred in Sweden,
Germany and Austria where HABD are relatively densely populated. Wheel failures and
bogie suspension and structure failures are the next most common cause.

Operational causes (including combinational causes where operational is a contributing cause)
accounting for about 25% of derailments within the 103 accidents studied:

e The most significant cause of accidents in this category are those caused by poor train
loading.

e 40 -50 % of operational causes are related to improper loading in terms of skew loading or
insufficient load fastening.

Finally we note that derailment is very often a result of a combination of several causes.
Typical examples are

e Track twist, narrow curve with high cant and low train speed or train braking.

e Track twist and twisted or skew loaded wagons.

e Track geometry fault and strong compression forces in train due to poorly managed train
composition or less than optimal train handling by the driver.

Finally, we note from further consultation, reported in Section 4.2 that this analysis (and indeed
any analysis based on the process of averaging causes across many countries) smoothes out
national differences. For example, one respondent to our consultation indicated 65% of freight
train derailments are caused by rolling stock failures, whilst a separate response indicated only
30% of freight train derailments were attributed to rolling stock failures. Such differences will
be considered and addressed further in the following study stages.
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3.0 Framework for Existing Measures
3.1 Background

The various countries having an operational rail network all have a set of rules, regulations and
operational procedures for design, construction and maintenance of the infrastructure and
rolling stock, as well as for traffic operation®. The totality of each set of national regulations is
quite extensive; as an example the Swiss traffic operation regulations (Fahrdienstvorschriften)
issued by Bundesamt flir Verkehr and applicable to all Swiss railways comprises around 630
pages.

Despite their being physical, technical, operational and regulatory differences between
countries, cross border rail freight has been possible for more than 150 years and the railway
has been an important medium for international freight transport in Europe during this period.
This has been achieved through standardization of the basic design of freight wagons through
the works of UIC (Union Internationale des Chemins de Fer), International Union of Railways
and the RIV (Regolamento Internazionale Veicoli), International Wagon Union, to suit
interoperation with wagons from different countries on most normal gauge tracks.

Notwithstanding these standardization initiatives, it has been the case that traction units (for
example) often have to be changed at borders due to differences in traction power and/or
different train control systems. Traditionally, there has also been a requirement that wagons in
international traffic have to be inspected and checked for conformance with national
operational standards at the borders. Increasingly, international trains are now operated in
trust, “Vertrauensfahrt” in German (although EU legislation requires that the railway
undertaking must ensure that the train is safe when operating it). This reduces the ability of the
individual countries to enforce specific national requirements, in particular with regard to train
operation.

3.2 Towards a more Standardized Approach

More recently there has been a move towards a more competitive standardized and open
approach to international rail traffic (freight and passenger). This has been achieved in the
form of various Directives and Technical Specifications which we briefly summarize below.

3.2.1 The European Railway Safety Directive

The European Railway Safety Directive (2004/49/EC) supports the development of open and
transparent access to the European rail market. The Directive, which was introduced in 2004,
establishes a common regulatory framework designed to ensure that safety does not present a
barrier to the establishment of a single market for railways. At the end of 2008 the Railway
Safety Directive was amended, and the revised Railway Safety Directive (2008/110/EC) must
have been transposed into national law by 24 December 2010. The key requirements of the
Directive are under implementation in Member States guided by the National Safety Authorities
for the railways.

The key measures introduced by the Railway Safety Directive 2004 are listed below:

e The requirement for each Member States to notify the European Commission of all of their
relevant National Safety Rules.

e The establishment of Common Safety Indicators (CSls) which are high level indicators of
significant risks to the mainline rail network (e.g. signals passed at danger and broken
rails).

Rules, standards and instructions as discussed in this section provide some degree of control against derailments, but cannot
cover all eventualities, failures and sub-standard conditions that may lead to derailment.
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e The establishment of Common Safety Methods (CSMs) which are harmonized approaches
to risk management, the exchange of safety relevant information and the evidence resulting
from the application of a risk management process.

e The establishment of Common Safety Targets (CSTs) which define the minimum safety
levels and safety performance that must at least be reached by the system as a whole in
each Member State, expressed in risk acceptance criteria for individual risks to
passengers, employees, level crossing users, ‘others’ and unauthorized persons on the
railway.

e The requirement for Safety Authorizations and Certificates which requires the Member
States' National Safety Authority to grant safety authorizations to Infrastructure Managers
and safety certificates to Railway Undertakings (e.g. train operating companies). The
purpose of safety authorizations/certificates is to provide evidence that railway operators
have established suitable Safety Management Systems (SMS) and are operating in
accordance with them.

e The Investigation of Accidents.
3.3 Interoperability Directives

The European Commission has prepared a range of regulations to improve the interoperability
of the European railways, not only with regard to hauling of freight and passenger cars, but
regarding the overall operation of the railways.

In order to achieve this, a number of Interoperability Directives for the railway system have
been developed and enforced by the European Community.

e The first Interoperability of the Trans-European High-speed Rail System (and subsequent
amendments), 96/48/EC of 23 July 1996 covered the development of the high speed rall
system, mainly for passenger transport. The first directive of 23 July 1996 was later
amended as specified below:

e The Interoperability Directive (2008/57/EC) for the Community Rail System sets out a
number of essential requirements to be met for interoperability, which include safety,
reliability and availability, health, environmental protection and technical compatibility along
with others specific to certain sub-systems. The Directive also requires the production of
mandatory Technical Specifications for Interoperability (TSIs) which define the
specifications required to satisfy those essential requirements.

3.4  Technical Specifications for a Harmonised European Rail System

The TSIs are specifications drafted by specialist groups to ensure the interoperability of the
trans-European rail system. The TSI outlines the essential requirements’ and basis for design
of an interoperable railway system in Europe. Table 1 below specifies the TSIs applicable for
conventional rail infrastructure and freight trains that can have influence the risk of derailments.

Table 1: Overview of TSIs with Relevance to Derailment

Reference: Document Title Status:
ERA IU-INF- Trans-European Conventional Rail | Final Draft TSI; dated 18/09/2009. /2/
090902-TSI1 4.0 System — Subsystem Infrastructure
EUR-Lex — Official | Technical specification of Commission decision of 28™ July 2006; amended by
Journal — Vol 49 — | interoperability relating to the commission decision of 23" January 2009
2006 - L 344. subsystem rolling stock — freight
Vol 52 — 2009 — L wagons of the trans-European
45 conventional rail system
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Reference: Document Title Status:
08/57-ST05 Draft Commission Decision Final draft issued for approval of European
10.06.2010 concerning Technical Specification | Commission

for Interoperability relating to the

rolling stock sub-system —

"Locomotives and Passenger

rolling stock" of the trans-European

conventional rail system
ERA IU-RST- Trans-European conventional Rail Comment report to Final Draft TSI; dated
19112009-TSlI System — Locomotives and 19/11/2009
Report Passenger Rolling Stock®

EUR-Lex — Official
Journal — Vol 49 —
2006 L 359.
Eur-Lex — Official
Journal — Vol 53 -
2010 L-280, page
29 — 58.

Technical specification of
interoperability relating to the
subsystem Traffic Operation and
Management of the trans-European
conventional rail system.

Commission Decision 2010/640/EU amending
Decisions 2006/920/EC and 2008/231/EC (26
Octobre 2010)

Annex P5: Decision 2009/107/EC of amendment
Decision 2006/861/EC and 2006/920/EC (23
January 2009)

Decision 2006/920/EC (11 August 2006)

EUR-Lex — Official
Journal — 2006 — L
284

Technical specification for
interoperability relating to the
control-command and signalling
subsystem of the trans-European
conventional rail system

Decision 2009/561/EC - Amendment of Decision
2006/679/EC;

Decision 2008/386/EC - Command Subsystem
ERTMS modifying Annex A to 2006/679/EC and
Annex A to 2006/860;

Decision 2006/860/EC - Control and command
subsystem ERTMS modifying Annex A to
2006/679/EC;

Decision 2006/679/EC

EUR-Lex — Official
Journal — Vol 51 —
2008 — L 64

Technical specification of
interoperability relating to safety in
railway tunnels in the trans-
European conventional and high-
speed rail system.

Decision 2008/163/EC

EUR-Lex — Official
Journal — Vol 49 —
2006 - L 13

Technical specification for
interoperability relating to the
telematic applications for freight
subsystem of the trans-European
conventional rail system

Regulation 62/2006/EC

The TSlIs are not fully implemented and there is a long transition period for many of the items.
Often the TSlIs leave it to the infrastructure manager and railway undertakings to develop the
detailed operational procedures, maintenance regimes and intervention limits for safety critical
parameters. Due to the above there is still some way to go to have a harmonized European

railway.

EXTERNAL Final A1 Report 18 04

Reference to part of this report which may lead to misinterpretation is not permissible

MANAGING RISK  [153Y


http://eur-lex.europa.eu/JOHtml.do?uri=OJ:L:2010:280:SOM:EN:HTML
http://eur-lex.europa.eu/JOIndex.do?year=2009&serie=L&textfield2=45&Submit=Search&_submit=Search&ihmlang=en
http://eur-lex.europa.eu/JOHtml.do?uri=OJ:L:2006:359:SOM:EN:HTML
http://eur-lex.europa.eu/JOIndex.do?year=2009&serie=L&textfield2=194&Submit=Search&_submit=Search&ihmlang=en
http://eur-lex.europa.eu/JOIndex.do?year=2008&serie=L&textfield2=136&Submit=Search&_submit=Search&ihmlang=en
http://eur-lex.europa.eu/JOIndex.do?year=2006&serie=L&textfield2=342&Submit=Search&_submit=Search&ihmlang=en
http://eur-lex.europa.eu/JOHtml.do?uri=OJ:L:2006:284:SOM:EN:HTML
http://eur-lex.europa.eu/JOIndex.do?year=2008&serie=L&textfield2=64&Submit=Search&_submit=Search&ihmlang=en
http://eur-lex.europa.eu/JOIndex.do?year=2006&serie=L&textfield2=13&Submit=Search&_submit=Search&ihmlang=en

18 April 2011
Freight Train Derailment: Existing Measures Rev 2 Page 13
European Railway Agency DNV

3.5 European Standards

The documents listed in Table 2 include a list of standards and other documents relevant to the
design and conformity assessment of subsystems and interoperability constituents. For each
TSI, two groups of documents are listed:

e The standards or other documents (or parts thereof) which are specifically referred to in the
TSls and which are therefore mandatory

e The standards or other documents (or parts thereof) that are not refereed to in TSIs are not
mandatory.

Table 2: Standards lists for TSls

Standard lists of relevance to HS TSlIs

Publication date Title

08-12-2008 Standards in HS Control command signaling TSI (2006/860/EC)

08-12-2008 Standards in HS Energy subsystem TSI (2008/284/EC)

08-12-2008 Standards in HS Infrastructure subsystem TSI (2008/217/EC)

08-12-2008 Standards in HS Operation TSI (2008/231/EC)

08-12-2008 Standards in HS Rolling stock subsystem TSI (2006/232/EC)

Standards lists of relevant to CR TSIs

Publication date Title

08-12-2008 Standards in CR Control command and signaling TSI (2006/679/EC)

08-12-2008 Standards in TSI for noise in aspects of conventional rolling stock (2006/66/EC)

08-12-2008 Standards in CR Operation TSI (2006/920/EC)

08-12-2008 Standards in CR Rolling stock — Freight wagons TSI (2006/861/EC)

Standards lists of relevance to transversal TSIs

Publication date Title

08-12-2008 Standards in TSI re_Iating to persons with reduced mobility in the trans-European
conventional and high speed rail systems (2008/164/EC)

08-12-2008 Stand_ards in TSI tfelating to safety in railway tunnels in the trans-European conventional
and high-speed rail systems (2008/163/EC)

3.6  National Rules and Regulations and Voluntary Rules
3.6.1 National Rules and Regulations

As discussed in the opening of this Section, national rules have always existed and will still
exist — at least for the foreseeable future - despite the introduction of a more harmonized
framework for international rail traffic.

These notified national rules are used in addition to the TSIs and describe nationally binding
conditions that must be met. However, these national rules must ensure that the railway
system is interoperable and must ensure that current safety levels are not eroded.

According to Article 8(1) of the Railway Safety Directive (2004/49/EC), Member States shall
establish binding national safety rules. Article 8(2) required the Member States to notify these
safety rules to the Commission before April 30 2005. After this date, Article 8(4) requires the
notification of any amendment (including repeal) to these notified rules and also of any new
national safety rules.

Annex Il of Directive 2004/49/EC, as amended by Directive 2008/110/EC, describes the
national safety rules that shall be notified. These are:

1. Rules concerning existing national safety targets and safety methods;
2. Rules concerning requirements on safety management systems and safety certification

of railway undertakings;
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3. Common operating rules of the railway network that are not yet covered by TSlIs,
including rules relating to the signalling and traffic management system;

4. Rules laying down requirements on additional internal operating rules (company rules)
that must be established by infrastructure managers and railway undertakings;

5. Rules concerning requirements on staff executing safety critical tasks, including
selection criteria, medical fitness and vocational training and certification as far as they
are not yet covered by a TSI;

6. Rules concerning the investigation of accidents and incidents.

It should be noted that rules, which wholly concern requirements set out in TSls in force, do not
need to be notified.

The Agency has published the "Guideline for Member States on the Notification of National
Safety Rules"; this document is available on the Agency's WEB.

ERA is responsible for registering the national safety rules included in the notifications that
have been validated. ERA manages a database of notified national rules and update the status
of the registered rules when amendments to these rules are registered.

The principal content of the national safety rules is provided in the official national languages
and sometimes in English to facilitate the use of this information. However, there is no legal
obligation to provide an official English translation. Please, therefore, note that in all cases the
information in the respective national language takes precedence.

3.6.2 Company and Voluntary Rules

Company / voluntary rules are those controls that are put in place by an organization, usually in
addition to national rules. Their purpose is normally to improve business or safety performance,
or to otherwise secure some benefit from their adoption.

3.7 Regulations for Transport of Hazardous Materials
3.7.1 RID Regulations

RID refers to the international regulations for transport of dangerous goods by rail (Réglement
concernant le transport international ferroviaire des merchandises dangereuses) /15/. The RID
regulation specifies under what conditions various materials are allowed for international
transport by rail. The conditions comprise:

Classification of goods.

Packaging requirements.

Tank usage including filling of tanks.

Information and marking requirements.

Requirements regarding testing and approval of packaging materials and tanks.
Use of transportation modes (including loading, co-transportation and unloading).

The RID regulations are not concerned with railway technology and railway operation apart
from tank design, and information and marking requirements.

3.7.2 National and Company Regulations

In addition there can be stricter regulations and requirements to transport of Dangerous Goods
on national and company level for instance with regard to shunting restrictions to wagons with
dangerous goods including tank wagons with hazardous materials.

Chemical companies or train operators might have stricter regulations with regard to various
form of shield protection of tank wagons. Infrastructure managers and train operators might
have restrictions on shunting operations Railway. In Scandinavia and Central Europe therefore

HES
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very dangerous goods are therefore excluded from shunting humps, for instance chlorine. This
is admitted in some Baltic countries.
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4.0 Methodology for Identification of Existing Measures
4.1  Introduction

e Our study has used several methods to identify those measures that are used today to
prevent of mitigate the consequences of freight train derailments: Direct consultation with
infrastructure managers and railway undertakings.

e Research of accident reports and other publications.

e Literature surveys and internet research.

4.2 Consultation

DNV has identified organisations representing freight operators, wagon owners, infrastructure
managers and trade associations, inviting them to participate through responding to
guestionnaires. We summarise the question categories below.

Table 3 Question Categories

Freight Operators and Wagon Owners Infrastructure Managers
e What is currently done to prevent or mitigate freight | ¢  What is currently done to prevent or mitigate freight train
train derailments: derailments:
—  What measures are currently applied and why do —  What devices are used to supervise trains (hot axle
you apply them? box detectors etc) and what is their density? Are these
—  Are the measures you apply effective? installed to meet a requirement (international, national

or company)?

— How is the information provided by these devices
used?

— Are the condition monitoring measures you apply
effective?

— Do you use some form of speed supervision on your

freight lines?

What type of speed supervision is used?

. Maintenance: . Design and Maintenance:
—  Who performs maintenance on your wagons and —  For mixed traffic, are the track parameters optimised
locomotives? for passenger or freight?

—  What controls and competency standards are in What is the maximum axle load/speed?
place to ensure that maintenance is performed What is your preventative maintenance philosophy?
correctly? —  How is maintenance funded and are freight lines given
equal priority?

—  How are conflicts of interest dealt with?

What controls and competency standards are in place

to ensure that maintenance is performed correctly?

e  Current performance / short term measures: e  Current performance / short term measures:

—  What is your experience and what are your views —  What is your experience and what are your views on
on your own performance with regard to freight your own performance with regard to freight train
train derailments? derailments?

—  Where do you consider improvements are most —  What is the approximate division between derailment
needed? causes by rolling stock, infrastructure and operational

—  Are you aware of any new measures that could be failures?
applied in the short term to improve the situation — Are you aware of any new measures that could be
and what are your views on the costs that might applied in the short term to improve the situation and
be associated with these measures? what are your views on the costs that might be

—  Are there any changes that could be made to associated with these measures?
instructions such as TSls that you consider would — Are there any changes that could be made to
be beneficial? instructions such as TSls that you consider would be

beneficial?
. Future advances: . Future advances:

— Are you aware of/have plans to test new —  Are you aware of/have plans to test new technology
technology that could form the basis of a longer that could form the basis of a longer term solution to
term solution to the problem of freight train the problem of freight train derailments
derailments

—  What are your views of the provision of electrical
power to wagons/
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Freight Operators and Wagon Owners Infrastructure Managers

®  Other comments . Other comments

e  What is the size and nature of your network:
—  Proportion TEN classified?
—  Proportion mixed traffic/freight only/passenger only?

The consultation exercise has been conducted on a confidential basis, and we are not able to
identify the specific individuals or organisations responding to the questions, however at the
time of reporting we can provide the following details relating to respondents.

Table 4 Consultation Respondents

Country Freight Op /| Infra Manager | Country Freight Op /| Infra Manager
Wagon Owner Wagon Owner

Austria Yes Yes Luxembourg Yes

Belgium Yes Macedonia

Bulgaria Yes Netherlands Yes

CER Yes Yes Norway Yes Yes

Croatia Yes Poland Yes

Czech Republic Portugal Yes

Denmark Yes Yes Romania

Estonia Slovakia Yes Yes

Finland Yes Yes Slovenia Yes

France Yes Spain Yes

Germany Yes Sweden Yes

Greece Switzerland Yes Yes

Hungary Yes Turkey

Ireland ulP Yes

Italy UNIFE Yes Yes

Japan Great Britain Yes Yes

Latvia Yes Yes United States Yes Yes

Lithuania Yes Yes

It is to be noted that in some cases the responses from trade associations provide the views of
a number of their members, some of whom have chosen not to respond individually. The
combined coverage (based only on individual country responses, not trade associations)
covers approximately 80% of the total freight traffic volume in EU27/EEA countries.

4.3  Accident Analysis and Other Sources

In addition to measures that are established through direct consultation we have, as previously
discussed, sought to review a number of accident reports, network statements, industry
journals and other information sources. Our accident analysis for example has covered
Germany, Sweden, Italy, Romania, Czech Republic, Estonia as well as other countries. We
have also reviewed some national technical rules.

Finally, having established what we believe to be a comprehensive set of existing measure, we
are currently in the process of sharing our findings with National Safety Authorities asking them
to confirm the degree to which each measure is embedded in that country.
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5.0 Identified Existing measures
5.1 Whatis an Existing Measure?

The definition in Section 1.0 states that: Existing safety measures means currently applied for
implementing a given regulation requirement, or applied on a voluntary basis

In some cases this definition is problematic. For example several technologies exist in the USA
and Canada that are not, to the best of our knowledge, applied within Europe (mainly those
that require electrical power to freight wagons). In the context of this study we consider such
measures “new” in Europe. For measures which are so classified, we apply the following
additional requirements for this work, [1], which state:

e Short term means that the safety measure is ready to be applied or to be introduced in EU
regulation by 1% January 2013.

¢ Medium term means that the safety measure will be ready to be applied or to be introduced
in EU regulation within 5 to 10 years.

¢ Long term means that the safety measure will be ready to be applied or to be introduced
into EU regulation after complementary development and tests, not achievable before ten
years

Therefore measures which exist outside of Europe are classified as either short, medium or
ling term. Such measures are not addressed in this report, but are considered in our A2 and
A3 work.

5.2 Classification of Measures

There are at least 3 dimensions of classification of existing measures that can be introduced.
One dimension is whether the measure is aimed at the prevention of derailments or at
mitigating the consequences of derailments.

The second dimension is whether the measure is directed towards one or more of the
following stakeholders:

e The infrastructure manager responsible for maintenance and operation of the
infrastructure.

e The user, keeper or lessor of the rolling stock.

e The train operator responsible for the train composition, including traction unit and the
movement of the train.

e Entities in charge of maintenance.

The owner and operator may be one and the same company, but there is an increasing
business in Europe of privately owned rolling stock which is hired out to the various rail
operating companies or transporters. Hence, the wagon owner in today’s railway system is
often different from the train operator. Other entities may be responsible for performance of the
long term maintenance of the rolling stock on behalf of the owner or the train operating
company, although the train operator is always responsible for the pre-departure inspections of
trains.

The third dimension is whether the measure is of a human, organisational, operational or
technical in nature. The distinction between these types of characters is not always clear cut.
Below is an explanation that the project has tried to adhere to:

HES
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¢ Human measure: Measures to improve the individual’s capability to perform his duties in a
correct and safe manner. This includes competence, knowledge, decision support
information systems for the persons that have the responsibility to carry out a certain task.

e Organisational measure: Measures pertaining to the management of the organisation,
including staff training, safety management system, operational planning, human resource
management, handling of requirements related to independence, roles and responsibilities
etc.

e Operational measures: Measures in this category include operating instructions or
operational rules that are in place in part to reduce the risk of freight train derailments.
Examples might include speed restrictions, rule book actions etc.

e Technical measure: Technical devices to prevent or mitigate derailment or system installed
in the infrastructure for monitoring the state of the railway system (rolling stock /
infrastructure) to allow detection of derailment or early detection of hazardous conditions
that may lead to derailment, and which upon detection takes appropriate action (recording,
alarm, emergency brake).

The typical characteristics of the various measures are indicated in the following tables.
Table 5: Preventive Measures

Human Organisational Operational Technical
Infrastructure Competence, Resourcesl/training Intervention & Equipment/protective
decision support, Inspection & safety limits measures
checklists maintenance programs
Rolling stock Resources/training Intervention & Equipment/protective
Inspection & safety limits measures
maintenance programs
Train operation Resources/training Procedures Decision support
software

Table 6: Mitigation Measures

Human Organisational Operational Technical
Infrastructure Competence, Resources/training Procedures Equipment/protective
decision support, measures
Rolling stock checklists Resources/training Procedures Equipment/protective
measures
Accident Resources/training Procedures
management

53 Limitations and Exclusions
5.3.1 Design Requirements

In Section 3.0 we discussed the existence of national safety and technical rules, and other
requirements, that cover (but are not limited to) design requirements and design standards.
These may translate to 100’s or possibly 1000’s of individual requirements, the majority of
which may have at least an indirect bearing on the frequency or consequences of freight train
derailments.

A feature of these requirements is that they operate within a framework of measures that
maintain railway safety to an appropriate level for that country. For example, track design
requirements and parameters may differ between countries, and a more relaxed design
requirement may be compensated for by other measures, such as improved maintenance,
stricter intervention limits and operational rules or possibly the introduction of external

measures such as flange lubrication systems etc.
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We consider that it is not possible to extract such individual requirements from the totality of
measures applied to manage freight train derailment performance, and then attempt to
estimate the potential benefit that requirement may have in a completely different operating
context. Further, whilst we cannot say that there would be no benefit to applying alternative
(more robust) design standards throughout Europe, we can be sure that the costs of such
measures are potentially enormous.

The study, at its current stage, has therefore not considered detailed design requirements.
However, with the benefit of a risk model in later study stages, this hypothesis will be further
tested to confirm this conclusion.

5.3.2 Technical and Other Measures

We have been advised or were already aware of some technical and other measures that have
a role to play in the fight against derailment. Some of these have a direct purpose as a
derailment preventative or consequence reduction measure, whilst some have an indirect role
to play. Examples of the former would be check rails, and the latter flange lubrication of
locomotives.

In the tables that follow, these are identified as either (D) direct, or (I) indirect.
5.4 Preventive Measures
5.4.1 Overview of Preventive Measures

In the following tables various existing measures to prevent derailments, and other primary
accidents with a high probability of derailment as a follow on consequence, are listed. When
some individual countries are mentioned as employing the measure it does not mean that they
are the only countries (or companies) to apply the measure. Mentioning of countries or
companies applying the measure is to justify the measure as an existing measure. It is worth
noting at this point that, as discussed in Section 4.3 further work is in hand to further refine the
application of existing measures.

We use the term “general railway knowledge” to describe measures that we believe are well
known and accepted in the industry, and would be acknowledged by rolling stock or
infrastructure engineers as having a positive effect on reducing the probability of derailment.

Some general measures, like hot axle box detectors and various type of wheel load detectors
have several suppliers and use different technologies. In such cases only the generic type is
mentioned. In some cases different measures can be used for almost the same purpose. In
Section 5.5 a further description of the various measures is presented.

HES
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Table 7: Infrastructure Preventive Measures

Type of P# | Measures and motivation: Where applied: Source for
measure Information:
Technical P-1 Installation of check rails to prevent derailments, in particular in sharp curves, as it will hinder | In points in most countries. In | Network Rail Track
infrastructure (D) flange climbing on outer rail in sharp curves. Check rails are also used in other conditions. line track with sharp curves construction standard,
For further info see 5.5.1.1 GB and republic of South NR/SP/TRK/102
Africa.
P-2 Installation of track and flange lubrication in front of track sections with narrow curves to Several countries including Ref. 21
N reduce rail flange friction and limit the risk of flange climbing on rail with subsequent Austria. Great Britain
derailment consequences. For further info see 5.5.1.2. See also flange lubrication measure
on rolling stock (locomotives) 5.5.4.1.
P-3 Installation of rock scree and avalanche protection structures along the line to stop or deflect | Countries with avalanche and | Norwegian track
0] rock screes and avalanches. For further info see 5.5.1.3. (Note derailment is a secondary rock fall risk including regulation
consequence and collision the primary consequence.) European Alp countries,
P-4 Installation of rock scree and avalanche detectors on sections with high risk of rock screes Norway, USA, Canada as well | Norwegian track
() and avalanches along track where protection structures are not possible to install or are not | as others. regulations
deemed sufficient. For further info see 5.5.1.4. (Note derailment is a secondary
conseqguence and collision the primary consequence.)
P-5 Installation of obstacle detectors at level crossings in order to reduce collision risk at level Denmark & Sweden Ref. 17
) crossing - will also reduce risk of follow-on derailment. For further info see 5.5.1.5. (Note
derailment is a secondary consequence and collision the primary consequence.)
P-6 Use of ground penetration radars (Geo radars). Ground penetration radars are used to Several countries including Ref. 16
(D) survey conditions of track bed superstructure with regard to quality and water content. This US and Norway.
is mainly used through ad hoc baseline runs to provide information for planning of
maintenance and renewal, but permanent installations can also be considered. For further
info see 5.5.1.6.
P-7 Rolling stock mounted equipment for monitoring of rail profile conditions. For further info see | Mermec supplied equipment Mermec brochure
(D) 5.5.1.9. 142/
Infrastructure; P-8 Track circuit as part of signalling system may detect rail ruptures. For further info see 5.5.1.7 | Most countries General railway
Control () knowledge
Command and | P-9 Interlocking of points operation while track is occupied. This is not fully implemented at The protection measure is Several derailments
Signalling (D) shunting yards. Hence a number of derailments occur due to points being operated while it utilised and applied in most reported due to shifting
is occupied by a train. This action very often causes derailment. Extend use of interlocking of | countries. The degree of of point while occupied
remote controlled points to include tracks at shunting yards used for train movements. application of point by train.
Interlocking of switch movement if the switched is occupied by rolling stock. For further info interlocking at shunting yards
see5.5.1.8 varies.
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Type of P# | Measures and motivation: Where applied: Source for
measure Information:
Trackside P-10 | Installation of hot axle box (hot bearing) detectors for detection of faulty and hot bearings Several European countries. Questionnaire
rolling stock (D) and axle journals in order to remove them from train prior to derailment. For further info see See 5.5.2.1 for more info. response & Ref /12/
supervision 5.56.2.1.

. P-11 | Installation of acoustic bearing monitoring equipment (This is partly an alternative to hot axle | US, GB, Norway (installation Questionnaire
Tracksmje (D) box detectors). The purpose of the installation is to detect faulty bearings by sound analysis plans) response & Ref /12
mstalla}mns to and implement bearing maintenance prior to bearing seizure and hot temperature
sulf_)erwse K development. For further info see 5.5.2.2.
rolling stoc P-12 | Installation of hot wheel and hot brake detectors. For further info see 5.5.2.3. Several countries. Network statement,

(D) Questionnaire
response & Ref /12
P-13 | Installation of wheel load and wheel impact load detectors. For further info see 5.5.2.4. Several countries. Network statement,
(D) Questionnaire
response & Ref /12
P-14 | Installation of dragging object and derailment detectors. For further info see 5.5.2.5. US and other countries Ref /12/
((®))
P-15 | Bogie performance monitoring/Bogie lateral in-stability detection (bogie hunting). For further | US and other countries, Ref /12/
(D) info see 5.5.2.6. including Turkey.
P-16 | Wheel profile measurement system / Wheel profile monitoring unit. For further info see US and other countries Ref /12/
(D) 5.5.2.7.
P-17 | Installation of loading gauge infringement detectors/ profile- and antenna protruding US /12/ and Switzerland /49/ Ref /12/
0] detection. For further info see 5.5.2.8. (Note derailment is a secondary consequence and and other countries
collision the primary consequence.)
Infrastructure P-18 | Make sure available maintenance resources are sufficient in relation to network extent and Low traffic line closure has General railway
Operational/ n traffic levels. If not possible to ensure sufficient resources a measure could be to close low been common in several knowledge
organisational traffic lines or take little used tracks out of operation. Lines and tracks where the minimum countries.
infrastructure safety requirements can not be maintained should be closed down. For further
info see 5.5.3.1
P-19 | Ensure that the track/train clearance gauge including the flange groove is free of Normal inspection and A1 final draft report
(D) obstructions that can cause collisions or derailments. Special focus to flange groove in level | maintenance in most reviewer
crossings. For further info see 5.5.3.2. countries.
P-20 | Perform ultrasonic rail inspection of track at sufficient frequency in order to detect rail cracks | The activity is performed by General railway
(D) before dangerous ruptures occur. This is an activity carried out by most infrastructure most infrastructure managers. | knowledge
managers with frequencies dependent upon rail age and traffic loads. For further info see Frequency varies according to
5.5.3.3. track loading.
P-21 | Perform track geometry measurement of all tracks in order to detect track sections Most infrastructure managers | Accident investigation
(D) requiring maintenance actions. Regular track geometry measurements are carried out by but frequency may vary. reports
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Type of P# | Measures and motivation: Where applied: Source for
measure Information:
most infrastructure managers. The completeness of the measurements with respect to track | Mixed coverage of sidetracks.
coverage at stations as well as intervals may vary. Frequency normally dependent upon
traffic load and allowable speed level of track. For further info see 5.5.3.4.
P-22 | Establish EU-wide intervention and/or immediate action limits for track twist. The final draft Lack of consistency between Final draft TSI CR Inf.
(D) TSI for CR Infrastructure specifies safety limits for track twist but intervention limits are left to | countries, e.g. GB & Norway Ref.2 & RGS
the NSA or infrastructure managers of the various countries and they vary to a certain with regard to track twist GC/RT5021 /20/
extent. Since the rolling stock are to be interoperable across all infrastructures the track intervention limits.
intervention limits should also be corresponding. For further info see 5.5.3.5
P-23 | Establish EU-wide intervention and/or immediate action limits for variation of track gauge. Variation in maximum gauge Final draft TSI CR Inf.
(D) Present limits varies among infrastructure managers and the intervention limit specified in width between countries and Ref.2 & RGS
the final draft TSI for CR Infrastructure is less stringent than what is presently applied in towards TSI CR INF. Ref. 2. GC/RT5021 /20/
many countries. For further info see 5.5.3.6.
Infrastructure P-24 | Establish EU-wide intervention and/or immediate action limit for cant variations. In addition it | Swiss & Norwegian track Swiss /32/ & 133/ &
Operational/ (D) should be considered to introduce a limit for excessive cant in track positions where trains regulations Norwegian track
organisational are likely to stop or operate at low speed. Many derailments occur in track sections with regulation /34/
narrow curves and high cant at low speed. For further info see 5.5.3.7.
P-25 | Establish EU-wide intervention and/or immediate action limit for height variations and cyclic GB and Norway at least. GB /20/ and Norwegian
(D) tops which does not exist in Final draft TSI for Conventional rail infrastructure. For further track regulation /35/
info see 5.5.3.8.

Table 8: Rolling Stock Preventive Measures

Type of P# | Measures and motivation: Where applied: Source for
measure information:
Rolling stock P-26 | Flange lubrication of locomotives. Requirement for installation of onboard lubrication of US, Austria, Switzerland, Requirement specified
technical or ) locomotive flanges to be able to provide necessary track/flange contact lubrication. The Norway and others in Network Statement
structural measure must be seen in relation to the application of trackside installed lubrication in of SBB & BLS. /29/ &
curves. Reduces friction available for wheel flange climbing. For further info see 5.5.4.1. 130/
P-27 | Replace composite wheels with monoblock wheels. Composite wheels have a more Several countries or General knowledge

(D) complex inspection and maintenance requirements and seems to have a higher failure rate
causing derailments. For further info see 5.5.4.2.

companies are prohibiting use
of composite wheels for new
and existing rolling stock.

P-28 | Replace metal roller cages in axle bearings by polyamide roller cages. For further info see
(D) 5.5.4.4.

CargoNet & DB Schenker
freight wagons.

SHT Investigation
report /24/. EUB
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Type of P# | Measures and motivation: Where applied: Source for
measure information:
Jahresbericht 2009
1471.
P-29 | Replace existing axles for stronger axles or axles with improved material properties with VTG exchanges axles for tank | Railway Gazette
(D) regard to crack initiation and crack propagation. For further info see 5.5.4.3. wagons International /10/.
P-30 | Increase the use of central coupler between wagons in fixed whole train operation. With an Australia, US, former USSR General railway
(D) integrated draw gear and buffer function in a central coupling the rolling stock side buffers including Baltic states in EU. knowledge
becomes superfluous. This will reduce side buffer loads and reduce risk of derailment due to | 1520/24 mm gauge lines in
buffer locking and couples that are too loose or too tight between wagons. For further info Eastern Europe. Train for iron
see 5.5.4.5. ore transport from Kiruna
towards Narvik and Luled
P-31 | Increase the use of bogie wagons instead of multiple single axle wagons with a long wheel US & Europe General railway
(D) basis. For further info see 5.5.4.6. knowledge
P-32 | For new rolling stock install disc brakes instead of wheel tread brakes. Major motivation may | Employed for many new General railway
0} be less noise in relation to Noise TSI, but also less heat activation of wheels, which may wagons and is the dominating | knowledge
reduce derailment risk. For existing rolling stock, exchange wheel tread brakes with disc brake type for new passenger
brakes for existing rolling stock. For further info see 5.5.4.7. rolling stock
P-33 | Rolling stock should be designed to operate safely over a track twist of up to 17 per mille Republic of Ireland and TSI for freight wagons
(D) over a 2.7 m base, and up to 4 per mille over an 11.2 m base. This will reduce derailment Northern Ireland Specific case item
frequency due to track twist. Further info in 5.5.4.8. 7.2.2.45. Ref. 3
P-34 | Secure brake gear located in the underframe of the wagon to ensure that braking Sweden, Norway and Questionnaire
(D) components tat become loose does not fall to the ground and can not provoke a derailment. | Germany and possibly other response
For further info see 5.5.4.9. countries
P-35 | Regular greasing and check of fastening of rolling stock buffers to reduce risk of a buffer Routinely greased and Al final draft report
(D) falling off and causing derailment. Alternatively, strengthen fastening elements. For further inspected in most countries reviewer
info see 5.5.4.10
Rolling stock P-36 | Wheel set integrity inspection (ultrasonic) programs. For further info see 5.5.5.4. Most wagon owner and train Company inspection
Operational / (D) operating companies. and maintenance
organisational standards.
P-37 | Derating of allowable axle loads for type A-lI and A-1l axle designs. For further info see Applicable countries, ref Ref /6/
(D) 5.6.5.3. recommendation from ERA
JSSG.
P-38 | Inspect axles of freight train rolling stock according to EVIC (European Visual Inspection Most European countries Ref /5/
(D) Catalogue). For further info see 5.5.5.2. Program implemented by
ERA JSSG
P-39 | Requirement for double check and signing of safety-classified (S.-marked) maintenance Norway Questionnaire
(D) operations. For further info see 5.5.5.5. response
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Table 9: Preventive Measures applied to Train Loading and Operation

Type of P# | Measures and motivation: Where applied: Source for
measure information:
Train loading/ | P-40 | Qualified and registered person responsible for loading. The person must show sufficient Spain & Bulgaria Questionnaire response
human (D) competence and be registered by the train operator. For further info see 5.5.6.1
Pre-departure P-41 | Locomotive and first wagons of long freight train in brake position G (Lange locomotive). For | Germany, Austria and DB Netz AG; Richtlinie
inspection and | (D) further info see 5.5.6.2 Switzerland, as well as Zuge fahren und
EL?L(gnsettlngs/ Various countries have operational requirements that the locomotive and the first wagons of ll\égrsv;/%:grdegweden oa Rangieren /37/
a train shall be put in brake position G to limit the compression forces of the train when Accident reports
braking with the pneumatic activated train brakes.
Train P-42 | Limitations on use of brake action in difficult track geometry, particularly at low speed, to Switzerland, Austria & Austrian Accident report
operations/ (D) avoid high compression forces of train that could cause buffer locking and derailment. For possibly other countries into derailment at 8" of
human: further info see 5.5.6.4 April 2009 /31/. Swiss
FDV. /27].
P-43 | The ATP-system of some countries including Norway, Sweden and Finland, called ATC, has | Sweden Trafikstyrelsen JVSFS
() a function to perform a dynamic brake test on the route to get actual test information with 2008:7 bilaga 11 /38/.
regard to the train braking performance. For further info see 5.5.6.3.
P-44 | Saw tooth braking should be applied when using pneumatic brakes to limit speed in long Switzerland Schweizerische
(D) and steep descents in order to limit heat exposure to wheels. For further info see 5.5.6.5 Fahrdienstvorschriften
126/
P-45 | When passing a signal showing a reduced speed, the driver should initiate the braking or Switzerland SBB Regulation;
(D) speed reduction action prior to passing the signal. This could reduce the risk of over- Infrastruktur R 301.11
speeding in track deviations. For further info see 5.5.6.6 Bremsen 300.14 - Punkt
14.2.
P-46 | Trafikverket in Sweden (former Banverket) has recently issued a new regulation for how Sweden BV regulation BVF
(D) various alarms should be handled. Traffic controllers and drivers should not be allowed to 592.11 /36/.
override detector alarms. For further info see 5.5.6.7.
P-47 | Wagons equipped with a balance to detect overload in visual inspection. Note, this Switzerland Questionnaire response

(D)

measure is currently being investigated to determine the details.
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5.5  Description of Preventive Measures

This section describes the technical measures in more detail, summarizing:
e The function of the measure.

o The types of defects / problems it can prevent or mitigate.

e The technology employed.

5.5.1 Infrastructure installed technical measures to limit derailment risk
5.5.1.1 Application of Check Rails in Narrow Curves

Check rails are installed to guide the wheels in rigid crossings and point crossings. Check rails
may also be installed in sharp curves to prevent derailments as it will hinder flange climbing on
outer rail in sharp curves, In some countries (e.g. Germany) check rails may also be used to
give an additional safety against derailment when the track is passing safety critical instal-
lations as supports of overhead bridges.

A picture from the Republic of South Africa taken from Voest Alpine net page shows how check
rails can be applied in curved line sections /19/.

«

Figure 2: Example from RSA sing check rail installation in curved track

RSSB’s Railway Group Standard GC/RT5021 /20/ Track system Requirements specifies that
track in passenger lines with a radius of 200 metres or less should be fitted with a check rail to

reduce the risk of derailment.
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Other infrastructure managers also install check rails in difficult track geometries, but the
degree of application varies. Check rails can also be a cause of derailment in some
circumstances, in particular with an excessive track width, so check rails require tight control of
the track width.

Check rails should not be confused with guard rails (M-5) that are installed to limit the
consequences of a derailment, see 5.6.2.1.

5.5.1.2 Application of Track or Flange Lubrication at Selected Track Positions

Lubrication of the flange and track contact point is an important measure to reduce the friction
between rail and wheel flange and hence reduce the risk of derailment in difficult track
geometries, i.e. in narrow curves or track sections with high cant and/or high twist. Normally
the lubrication is obtained by lubrication of the wheel flange of traction units.

For track sections where this is not deemed sufficient, for instance in deviated routes at
turnouts, trackside flange or track lubrication points can be installed to provide the necessary
lubrication. Lubrication can also be provided by special track lubrication train runs at regular
intervals or under dry weather or hot temperature conditions.

Below is shown the picture of a track installed lubrication installation /22/, and test results /23/
showing the effect of lubrication of the track flange contact point.

The reduced lateral track force in narrow curves should cause less wear, less noise and less
risk of derailment.
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Figure 3: Track mounted lubrication installation and test results from narrow curve
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5.5.1.3 Rock Scree and Avalanche Protection

On track sections with high risk of rock screes and avalanches structural track protection
measures are often installed to stop or deflect rock screes and avalanches. Structural
protection measures can be applied in combination with detection installations and operational
measures and restrictions. Various measures are used in exposed countries including
protection, detection, artificial release at convenient times, speed reductions. The selected
measures are tailor made for the local topography and hazards and this is not a generic
measure that might have a universal application.

Note that this measure is primarily used to prevent collision with obstruction, with derailment a

secondary consequence.
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5.5.1.4 Rock Scree and Avalanche Detection Systems

At line sections with a high risk of rock screes and avalanches and where structural protection
is deemed too costly or not considered sufficient rock scree and avalanche detectors are
installed. They can be in the form of detecting fences which will detect loads falling down on
them from higher levels or as acoustic detectors detecting the noise associated with such
phenomena. The last type can cover larger areas but are not as selective as a fence along the
line. Systems to detect rock screes and avalanches are used in Norway and Switzerland and
possibly other places.

The measure is often combined with structural protection measures or operational restriction
measures.

Note that this measure is primarily used to prevent collision with obstruction, with derailment a
secondary consequence.

5.5.1.5 Obstacle Detectors at Level Crossings

High speed collisions with heavy road vehicles are likely to cause derailment, but in such
situations the derailment is a follow on consequence of another accident that may have severe
consequences by itself.

The purpose of obstacle detectors is to discover obstacles on the track that could be a safety
critical hindrance to the train. Obstacle detectors are installed at level crossings to detect if cars
are standing blocking the tracks at the crossing or at other locations where the track can be
blocked by foreign objects. Typical application of obstacle detectors are at barrier protected
level crossings. In Sweden they are used or have been used at approximately 100 level
crossings of the following type according to ref /17/:

e Where cars are likely to queue across a level crossing due to short distance from level
crossing to road junction.

e In frequently used level crossings where maximum train speed is above 160 km/h. A train
speed up to 200 km/h is allowed in Sweden over existing level crossings and obstacle
detectors are applied.

We know such detectors are in use, or have been used, also in other countries.

Various detection methods can be applied to detect the obstacle e.g. metal detection loops in
the roadbed, infrared light or laser technology. How laser technology can be applied as
obstacle detector in a level crossing is shown in Figure 4. Ref /18/.

If an object is detected between the gates during gate lowering, the lowering is not continued
and a restrictive signal protected by an ATC order is given to the train. The car can leave the
crossing and the train will start braking such that it may stop in front of the level crossing if it
is not clear. According to Trafikverket in 15 years there has only been one serious collision
between a car and a train on such a level crossing, when a car ran through the gates just in
front of the train /17/.

Note that this measure is primarily used to prevent collision with obstruction, with derailment a
secondary consequence.
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Figure 4: Laser technology used for obstacle detection at level crossings

5.5.1.6 Subsidence and Ground Instability Detection

Ground penetration radars are used to survey conditions of trackbed superstructure with
regard to quality and water content /16/ & /43/. This is mainly used through ad hoc baseline
runs to provide information for planning of maintenance and renewal, but permanent
installations can also be considered in places where the railway is located on unstable ground
that is considered exposed to high water level in substructure, subsidence or landslides.
Certain types of ground instability detectors can be installed which will detect high water levels
subsidence and landslides outside of acceptable limits.

5.5.1.7 Track Circuits to Detect Rail Ruptures

Track circuits are applied in the signalling system of most infrastructure managers. Track
circuits will detect some type of rail ruptures and prevent signals to be set for a track section
with a ruptured rail and hence prevent derailments. However, supervision for rail ruptures is not
the main purpose of the track circuit and there are several types of rail ruptures the track
circuits cannot detect. Track circuit systems for detection of track occupation are to an
increasing degree being replaced by axle counters of many infrastructure managers. Axle
counters are not able to detect track ruptures.

5.5.1.8 Interlocking of Points Operation while Track Occupied

Points at main lines and at main tracks at stations are normally interlocked to prevent operation
of the point while the point section of track is occupied by rolling stock. This is not fully
implemented at shunting yards even at tracks being used for train movements. Hence a
number of derailments occur due to points being operated while occupied by a train. This
action very often causes derailment. An existing measure is interlocking of remote controlled
points to include track at shunting yards used for train movements in such a way that the
switch can not be moved while the switched is occupied by rolling stock.

5.5.1.9 Rolling Stock Mounted Equipment for Rail Profile Measurement

Suppliers are marketing rail profile measurement systems that can be mounted on commercial
rolling stock and used for continuous supervision of track geometry and measurement of rail
wear. According to the supplier the monitoring results are equally good as those that can be
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obtained by special measurement cars and trains with the advantage of more frequent
measurements.

This technology incorporates the latest laser and video camera technology to provide
accurate and immediate report on the profile and wear condition of the rail whilst travelling at
track speeds. The video cameras capture full cross-sectional rail profiles from the base/web
filet area up to the top-of-rail surface to allow comprehensive and accurate ralil
measurements. /42/.

The equipment installed on commercial rolling stock is an alternative to separate
measurement runs by inspection wagons.

5.5.2 Trackside Installations to Supervise Rolling Stock
5.5.2.1 Hot Axle Box/Bearing Detector (HABD)

High temperature in the axle box or the bearing of an axle may be a sign of a mechanical
structural defect under development. This can be in the form of high friction in the bearing or a
developing rupture in the axle journal. By monitoring the temperature of axle boxes, a failure
state of the bearing may be detected and an alarm raised either to the train driver or to the train
control centre. Hot axle box detectors for freight trains are normally located along the track
monitoring the temperature of axle box of all passing trains. Axle box monitoring devices can
also be located on the vehicle, continuously monitoring the temperature of the axle boxes, but
this is normally not applied on freight trains as the individual freight wagon does not have any
electricity to power such monitoring equipment. Wayside detectors usually consist of one or
more thermal sensors continuously measuring infrared radiation, and should be capable of
detecting both normal temperature and high temperature axle boxes.

Combined with an axle counting feature it can identify which train axle has an excessive
temperature and once the train has passed the detector it transmits this information to the train
control centre or the train driver directly. If the hot axle box detector is combined with a vehicle
identification system the information about axle temperature can also be transmitted to the
wagon operator or owner. This is mainly useful if the detectors are networked and a
temperature trend can be identified. Some systems will calibrate measurements with the
ambient temperature.

Normal requirements to the site localisation for a hot axle box detection installation are:
o Track to be level, avoiding inclines.

e Track to be straight, avoiding curved area.

e Away from tunnel and cuttings.

o Ease of access for construction and maintenance.

e Suitably located to permit train regulation on alarm activation, i.e. to allow trains to be
stopped at a siding were possible so it does not affect mainline traffic.

Hot axle box detectors are commonly used in the European railways. The number of axle box
detectors installed can be quite high. Here are some approximate figures taken from
guestionnaire response, network statements and other sources. The below figures are mainly
indicative and does not cover all countries that have installed hot axle box detectors:

o US: around 6000 detectors, /12/

e Germany: around 460 detectors, /48

e GB: around 200 detectors. /Network statement/

e Switzerland: around 80 detectors. /Questionnaire response/
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Hot axle box detectors are also frequently installed in Austria, Sweden and Finland.

Not all countries use them with similar frequency. They are not installed in Slovakia nor are
they particularly frequently installed in the Netherlands or Denmark. In Denmark they are only
installed in front of the Great Belt tunnel and in the Netherlands they are installed on the new
high speed line from Amsterdam towards Antwerpen and in the new Betuwe freight route from
Rotterdam to the German border.

In the TSIs developed for harmonisation of the European railways it is only the TSI for Safety in
Railway Tunnels that makes hot axle box detectors mandatory. They require “line-side hot axle
box detection or predictive equipment shall be installed at strategic positions on networks with
tunnels so that there is a high probability of detecting a hot axle box before the train enters a
tunnel and that a defective train can be stopped ahead of the tunnel(s)”. Other TSIs specifies
the geometrical features of a hot axle box detector, i.e. where the detectors should look for
increased temperature.

Hot axle box detectors are not a foolproof measure. Firstly, the damage and the associated
temperature development can be so fast that a derailment occurs prior to the development
being detected by a hot axle box detector. Secondly, when an alarm is raised, the train has to
slow down and stop at a convenient location to let the driver inspect the situation and a
derailment may occur before the train has stopped. Thirdly, when the train is stopped it may
take some time until the driver is able to move to inspect the axle box in question and the
temperature might have dropped in the meantime and nothing is detected and the journey is
continued. Once the train is moving again the situation reappears and a derailment occurs.

5.5.2.2 Acoustic Bearing Detectors

Acoustic bearing detectors are, like hot axle box/bearing detectors, used to detect developing
mechanical structural defects associated with wheel bearings. It is, however, not based on
temperature measurement, but on the analysis of the sound as wheel sets pass by. The major
advantage over hot axle box detectors is that acoustic bearing detectors are able to detect
developing defects much earlier as such defects will result in increased noise. Acoustic
bearing detectors are placed wayside and consists of a microphone array and a system unit
which analyses the sound and raises an alarm if dangerous defects are detected. Used in
combination with vehicle identification systems, the system may also be used to store
information on individual vehicles and wheel sets in a central database, allowing for trend
analysis and preventive maintenance.

The amount of noise produced by the bearing during deterioration may depend on the design
of the bearing and acoustic bearing detectors may not work equally good for all type of
bearings.

5.5.2.3 Hot Wheel and Hot Brake Detectors

Braking can increase the temperature of the wheels and brake pads. In particular this can be a
problem with brakes that have not released and continuously apply braking action. The rise of
temperature may itself be a problem if it leads to structural changes in the wheel material. If the
wheel comes completely stuck it may skid along the rail resulting in wheel flats etc. Hot wheel
detectors are positioned wayside and use the same technology as hot axle box/bearing
detectors, i.e. thermal sensors measuring the temperature of passing wheels. Used in
combination with axle counting devices or vehicle identification systems, the system is able to
identify the vehicle and wheel of any higher than normal temperatures and raise an alarm.

Cold wheels may in some situations (e.g. if positioned at the bottom of a downward slope)
indicate that brakes have not been applied where they should have been, i.e. that brakes are
defective or working poorly. However, non-operating brakes on a single wagon are normally
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not a problem and often wagons may have the brakes locked out if a fault with the brakes of
the wagon has been detected in the train brake test.

Railways that have installed hot axle box detectors often combine them with hot wheel and hot
brake detectors. They are not mandatory by any TSI.

5.5.2.4 Wheel Load Detectors & Wheel Impact Load Detectors

Several different types of wheel load detectors exist. They are installed at various locations in
many countries. In The Netherlands they are used as input for calculation of load dependent
track access charges for rail operators in their “quo Vadis system”.

Wheel load and wheel impact load detectors can be used to detect a range of different faults
with a wagon or its loading:

o By measuring the wheel loads of an axle it can detect overloading of the wheels and axles
or skew loading of the wagon either due to a wrongly applied load in longitudinal or
transversal direction, a shifted load or due to a wagon or bogie frame twist, suspension or
spring failure.

e Wheel load detectors can also detect wheel failures in of terms general out of roundness or
more specifically wheel flats and wheel tread damages due to shelling and spalling. As the
wheel moves around this causes wheel impact load on the rail, which again cause damage
to rails (including rail breaks) or increase the temperature of bearings and lead to hot a hot
axle box.

Wheel load detectors are wayside detectors measuring the size and variations of the load of
wheels as they pass by. Several different technologies are employed depending on the various
faults to be detected. Some use strain gauges, others analyse sound or measure the deflection
of rails between sleepers as trains pass using optical sensors. Accelerometers can also be
used.

If the situation is severe an alarm is raised and the train has to be stopped to check the
wagon(s) that have triggered the wheel load detector alarm, or the train speed may be
adjusted. Used in combination with vehicle identification systems, the train operator and/or
wagon owner may receive a message about the out-of-limit characteristics in order for
rectifying actions to be implemented prior to further operation of the wagon.

Wheel load detectors can be combined with hot axle box detectors, but are often installed in
departure tracks from train formation yards. Alternatively, they are installed in main tracks
immediately after train formation yards in order to detect the situation as soon as possible.
Faults can also occur along the route. In general there are fewer trackside wheel load
detectors than hot axle box detectors.

5.5.2.5 Derailment and Dragging Object Detectors

Derailment and dragging object detectors can be installed to identify if a train has a derailed
axle, or equipment that has come loose from a wagon and being dragged along the track
between the rails. Such detectors may be installed in front of large stations or structures where
the situation may cause major damage. They are extensively used in the US.

Early dragging equipment detectors were of the "brittle bar" type. Fixed elements between and
beside the rails would break when struck by foreign objects. Their breakage would interrupt an
electric circuit that formed part of the reporting system, and the train would be stopped and
inspected. The introduction of "self-restoring" dragging equipment detectors, which are hinged
and sprung so they return to position after impact, have reduced maintenance requirements for
such installations. Figure 5 shows a typical derailment and dragging object used in the US. If
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employed in Europe one has to modify the design to avoid being hit by hanging screw
couplers.

The derailment and dragging object detectors will also detect derailments and are also
included as a mitigating measure.
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Figure 5: Typical US derailment and dragging object detector

5.5.2.6 Bogie Steering Performance Detectors/Lateral Instability Detection (bogie hunting)

This wayside defect detection system is capable of detecting and identifying train bogies that
exhibit poor performance. This system monitors safety performance in several regimes such
as: potential of flange climb derailment, gauge spreading, and rail over. This state-of the-art
system has the capability to benchmark bogie performance on a fleet-wide basis. They are
used in the US and at least in Turkey.

5.5.2.7 Wheel Profile Measurement System / Wheel Profile Monitoring unit

Damage to the wheel profile may be a contributing cause to derailments. Whereas wheel
impact load detectors can detect some wheel profile problems, wheel profile measurement
systems provide a more complete picture. They are also based on other technology: analysis
of wayside digital camera images highlighting the profile using lasers or strobe light. A number
of wheel profile parameters are captured, e.g. flange height, flange width, flange slope, tread
hollow and rim thickness. Some measurement systems can operate with trains passing at high
speeds (e.g. up to 140 km/h).

5.5.2.8 Loading Gauge Infringement Detectors (Profil- und Antennenortungsanlage)

These are detector installations that can detect wagon structures or loads and objects
protruding from the wagon that are too high or wide for the allowable loading profile of the line
in question Derailments or other accidents can be caused by loads protruding outside of the
allowed loading gauge, and detectors can be applied to detect such situations. The situation
can occur due to shifting loads or by loading the car with an object that exceeds the allowable
loading gauge for the line in question. Shifting load situations can normally also be detected by
wheel load detectors. Increasing volume of transport of autocars and HGVs by rail has caused
interest in controlling the antenna height of cars, but more due to fire risk in tunnels than due to
derailment risk.

Loading gauge infringement detectors are most likely to be installed in front of track sections
with reduced loading profile (e.g. tunnels) or in front of bridges with overhead bearing structure.

Note that this measure is primarily used to prevent collision with obstruction, with derailment a

secondary consequence.
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5.5.3 Infrastructure Applied Operational and Organisational Measures
5.5.3.1 Closure of Lines and Tracks

If the available resources are not sufficient to maintain lines and tracks at stations according to
minimum safety requirements it is from a derailment and safety viewpoint better to close the
lines or tracks for operation than trying to keep lines operational in a state where all safety
margins are removed.

Accident investigation reports from various countries have shown that many accidents occur
due to known infrastructure failures that there might not be resources to repair, or such repair
has not been prioritized within available resources. Such conditions increase the risk of freight
derailment and if hazardous materials are transported on such lines it might be a public risk.

5.5.3.2 Inspection and maintenance to ensure free clearance gauge

The clearance gauge should be kept free of obstructions when trains are due to arrive. This is
a general inspection and maintenance task carried out by all infrastructure managers. Special
focus should be given to the flange groove in level crossings. If the flange groove is obstructed
by hard solid objects it can cause derailments. Level crossings with rubber elements (Strail)
can reduce the risk.

In countries with severe winters snow ice can pack in the flange groove and around the rail
during periods of frost during night and thaw during daytime. In particular this can be a risk if
free water seeps over the track, for instance in level crossings. The risk is most severe for
passenger trains.

5.5.3.3 Ultrasonic Rail Inspection Wagon

The infrastructure managers provide for ultrasonic inspection of the rails by various forms of
wagons in order to detect cracks and fractures that can cause rail ruptures. Either the
infrastructure manager owns the inspection equipment or the inspection is done by contractors.
The ultrasound inspection provides the infrastructure manager with information with regard to
the quality of the rails and the need for rail replacements.

The frequency of ultrasonic rail inspections is determined by the infrastructure manager based
on the rail age and traffic loads on the actual line accounting for available resources and
equipment performance.

5.5.3.4 Track Geometry Measurements

Regular track geometry measurements are carried out by most infrastructure managers. In
order to be reliable they should be carried out under dynamic loaded conditions. The track
geometry of railway lines is regularly measured by track inspection wagons or trains which
provide dynamic loading to the track while doing the measurement. Among the geometric
parameters measured are:

e Track gauge variations.

e Track cant.

e Track twist.

e Track height variations.

e Track lateral position faults.

In addition modern measurement wagons can inspect rail surface conditions in terms of rail
wear and various rail surface defects. The completeness of the measurements with respect to
track coverage at stations as well as intervals may vary. Frequency is normally dependent
upon traffic load and allowable speed limit of track.
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The frequency of inspection is based on local conditions and environmental factors, ground
stability, line speed and traffic loads accounting for available resources and equipment
performance. Normal frequencies can be 2 to 6 times a year with increased frequency for lines
with more traffic and higher allowable speed.

5.5.3.5 Track Twist Intervention Limits

Excessive track twist is among the most frequent derailment causes often in combination with
other causes such as skew loading, wagon frame twist and low speed in narrow curve with
high cant etc. In many cases where track twist is a major factor leading to derailment the
actual track twist exceeds allowable twist limits, and in some cases the situation has also been
known to those responsible for track maintenance.

Track twist requirements must be looked at in combination with requirements and limitations for
rolling stock flexural stiffness. The ORE B55 RP8 document has analysed the conditions for
derailment. Ref./8/.

The final draft TSI for Conventional Rail Infrastructure specifies safety limits (or immediate
action limits) for track twist as follows:

“All TSI Categories of Line

(1) The immediate action limit for track twist as an isolated defect is given as a zero to peak
value. Track twist is defined as the algebraic difference between two cross levels taken at a
defined distance apart, usually expressed as a gradient between the two points at which the
cross level is measured. The cross level is measured at the nominal centres of the rail heads.

(2) The track twist limit is a function of the measurement base applied (l) according to the
formula:

Limit twist = (20/1 + 3)
(a) where | is the measurement base (in m), with 1.3 m [ 20 m,

(b) with a maximum value of 7 mm/m.
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Fignure 3: Limit for track twist for all TSI Categories of Line

(3) The Infrastructure Manager shall set out in the maintenance plan the basis on which it will
measure the track in order to check compliance with this requirement. The basis of
measurement shall include at least one measurement base between 2 and 5 m.

TSI Categories of Line IV-F, IV-M, V-F, V-M, VI-F, VI-M, VII-F and VII-M

(4) If the radius of horizontal curve is less than 420 m and cant D > (R — 100)/2, track twist shall
be limited according to the formula: Limit twist = (20/1 + 1.5), with a maximum value between 6
mm/m and 3 mm/m depending on the twist base length as shown in Figure 4.
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Figure 4: Limit for track twist for freight and mixed lines on small curves

The above limits specified in the TSI are safety limits that require immediate traffic shut down.
According to recent accident investigation reports several derailments have occurred due to
track twist in tracks within the safety limit specified above.

The TSI specifies that intervention limits shall be developed by infrastructure managers or
national safety authorities (NSA). Today’s intervention and safety limits for track twist varies
somewhat between different countries within EU.

An existing measure adopted by some infrastructure managers has been to impose more
stringent limits for these parameters which suggest a more widespread adoption of harmonised
limits may be beneficial. The reason for this is that rolling stock meeting the TSI for freight
wagons is interoperable through the European Union and hence criteria for track maintenance
activities should be harmonized in order to be able to maintain a high level of safety against
derailment due to track twist. The intervention and safety limits should be viewed in relation to
the lubrication status of the track.

Further, one should make sure that the developed criteria can handle allowable skew loading
conditions of wagons with a certain margin.

5.5.3.6 Immediate Action Limit for Variation of Track Gauge

The immediate action limits for variation of track gauge are set out in the final draft TSI for
Conventional rail.

Speed [km/h] Dimensions [mm] - Nominal track gauge to peak value
Minimum track gauge Maximum track gauge

V 80 -9 +35

80 <V 120 -9 +35

120 <V 160 -8 +35

160 <V 200 -7 +28

The above immediate action limit is significantly less rigorous than today’s action limit for many
countries as for instance GB /20/ and Norway /35/. A review of the limits may be warranted if
there is a strategy to reduce derailment frequencies. The argument for harmonised limits is as
for 5.5.3.5.

5.5.3.7 Immediate Action Limit for Variation in Cant and Excessive Cant

Action limits for variation in cant relative to design cant is specified in the final draft TSI for
Conventional Rail Infrastructure.
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TSI Categories of Line IV-F, IV-M, V-F, V-M, VI-F, VI-M, VII-F and VII-M (Requirements for
passenger lines (P-lines) are excluded as they are not open for freight traffic.)

(1) The in service cant shall be maintained within +/- 20 mm of the design cant, but the
maximum cant permitted in service is 170 mm.

Additional to the above some countries, such as Norway and Switzerland, have general
limitations of allowable excessive cant, specifically at locations where trains are expected to
stop at a signal or drive slowly /33/ & /34/. This requirement is of special importance at
locations with narrow curves where trains may have to stop in front of signals and where there
also is high track twist when leaving out of transition curves.

5.5.3.8 Immediate Action Limitation for Track Height Variation

Among others, the railways of Norway and Britain have intervention limits for variation in track
height. The intervention limits specified in Britain and Norway is relatively consistent, but with
some minor variations. Variations in track height and cyclic tops may cause derailment, in
particular if there are cyclic variations. A report issued in January 2006 as a result of a
research work financed by Rail Safety & Standards Boards identified height variations and
cyclic tops to be one of the most frequent high speed derailment causes /21/.

A measure could be that the Final draft TSI for Conventional Rail infrastructure is modified to
include quantitative limitations on height faults. An interoperable rolling stock fleet will benefit
from harmonised track intervention and safety limits.

5.5.4 Rolling Stock Applied Technical Measures
5.5.4.1 Flange Lubrication at Locomotives

In some countries, in particular countries with a high proportion of curved tracks, there is a
requirement to fit main traction units with flange lubrication to reduce the friction of the contact
between wheel flange and rail. Specification for flange lubrication requirement for traction units
and type of lubrication is found in the Network statements of SBB & BLS /29/ & /30/.

Reduced friction between wheel flange and track also reduces the necessary traction force and
energy use on curvy track sections /23/. Other countries with less narrow curves and a more
level network do not apply flange lubrication to the same degree.

The Austrian railways OBB has the following specification for flange and track
lubrication as introduced in the software of locomotive type “Taurus” /7/:

e “< 20 km/h: no flange lubrication.
e v >20km/h normal flange lubrication.

e v in range 73 — 90 km/h for more than 2 minutes: increased flange
lubrication (Mode Berg 2).

e Vv in range 30 — 72 km/h for more than 3 minutes: strongly increased
flange lubrication (Mode Berg 1)”.

Recent accident investigations in Austria /7/ have found that the above
lubrication programme may not give sufficient lubrication at localised difficult
track geometries at low speed e.g. at track with reduced speed or in sparsely
used tracks at stations. Added lubrication might therefore be required at curvy
track in the above mentioned speed classes.

According to the TSI for locomotives and traction units there are no
requirements for flange lubrication.

In order for track lubrication to be effective across Europe it should be
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considered whether it should be required that freight train traction units employed in
international traffic should be equipped with flange lubrication.

5.5.4.2 Replace Composite Wheels of Freight Wagons with Monoblock Wheels

A composite wheel consists of a wheel rim with an outer shrink fitted ring comprising the wheel
tread and the flange. A tyre retaining ring helps to keep the assembly in place. Composite
wheels have the advantage that the ring can be replaced once it is worn down. A disadvantage
with composite wheels is that the wheel ring can come loose and be displaced, in particular
due to heating in prolonged braking actions. A wheel with a displaced or lost wheel ring is likely
to derail.

Monoblock wheels are forged or rolled from one block and have fewer failure modes, however,
also for these wheels prolonged and excessive heating due to braking can cause material
failure and wheel rupture with consequential derailment. Some railway undertakings, in
particular those with very mountainous lines, favour monoblock wheels and have completely
exchanged all their compaosite wheels with monoblock wheels.

An existing measure with extended application is therefore to replace composite wheels with
monoblock wheels.

5.5.4.3 Replace Existing Axles with Higher Strength Axles

The private wagon owner VTG with a large fleet of tank wagons recently made a decision to
replace axles in most of their rolling stock to axles with higher strength according to a notice in
Railway Gazette International of December 2009 /10/. According to the notice all their rolling
stock axles are to be replaced by 2015.

The allowable axle load of the rolling stock is not expected to be increased and the main
reason for the replacement is an increased safety against axle ruptures and derailments.

5.5.4.4 Replace Metal Roller Cages in Axle Bearings by Polyamide Roller Cages

The Norwegian rail freight operator CargoNet decided approximately 10 years ago to exchange
their axle bearings from using brass roller cages to polyamide roller cages /24/. The
implementation of the decision has been by replacement when the wagon and axle boxes are
in for overhaul. The rationale for the replacement was a number of derailments due to hot axle
boxes and shearing of axle journals prior to the decision being made. The cause of many of the
failures was wheel damages. The polyamide cages were considered less prone to failures due
to vibration impact.

The same measure has recently been recommended by the German National investigation
body, Eisenbahn-Unfallsuntersuchungsstelle des Bundes (EUB) towards Eisenbahnbundesamt
(EBA), the German National Safety Authority and the relevant railway undertaking, and has
been accepted /47/.

5.5.4.5 Increase Use of Central Couplers for Wagons in Block Trains

Central couplers are commonly used across the world in North America including USA and
Canada, Australia as well as the Commonwealth of Independent States (former Soviet
republics) including the Baltic Countries. Central couplers are also commonly used in Finland
as Russian rolling stock often used. In the rest of Europe central couplers are mainly used for
fixed train units for passenger transport, or for freight transport in heavy haul operations, e.g.
the iron ore transport from the Swedish iron ore mines to the ports of Narvik and Luled. In rail
freight transport operations by fixed block trains with bogie wagons with uniform loading,
central couplers will reduce curve forces and ensures that compression forces occur centrally
in the train. This will reduce the derailment risk.
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An existing measure that could be given wider usage is therefore the introduction of central
couplers of 4 axle rolling stock with bogies in block train operation.

5.5.4.6 Increase Use of Bogie Wagons instead of Single Axle Wagons

The rolling stock of the European railways consist of a mixture of single or coupled 2 axle units
with single axles or bogie wagons with 2 or 3 2-axle bogies. Normally, bogie wagons have
better riding quality and a lower derailment rate.

An exchange of single axle wagons for bogie wagons could therefore be a measure to reduce
the number of derailments. This is already applied for most heavy bulk transport applications.
For the transport of light weight goods and lightly loaded containers and swap bodies this is not
the case. For such transport operations, wagons based on single axle wheel allows for a long
loading basis to be obtained with a minimum of weight and cost; whilst this is advantageous
commercially it is not beneficial with respect to minimising derailment risk.

A review of accident reports indicates that these types of cars have an increased derailment
frequency, often in combination with high track twist.

5.5.4.7 Exchange wheel Tread Brakes with Disc Brakes

Existing fleets of freight wagons are to a large degree equipped with wheel tread brakes
utilising cast iron brake blocks (shoes). Some modern wagons are equipped with composite
brake blocks or disc brakes mainly due to new noise criteria.

To move the brake action away from the wheel tread, as is the case with disc brakes, also has
a safety advantage as the wheel tread material is less heat affected and increased braking
force can be applied without the risk of overheating the wheels. This may reduce the failure
rate for both composite and monoblock wheels. Application of disc brakes will increase the
torsion loads on axles and the strength of existing axles must be checked before implementing
it on existing wagons.

Disc brakes also have some disadvantages as they does not clean the wheel tread for rub that
may form in the wheel-rail contact if the wheel is blocked for a short period.

The measure is applied for some new freight wagons, mainly to limit noise from train braking.
5.5.4.8 Increase Requirement to Twist Flexibility of Rolling Stock

The WAG TSI (TSI for rolling stock freight wagons) as a specific case for the Irish railways
(Republic of Ireland and Northern Ireland) in § 7.7.2.2.4.5 allows a stricter requirement to twist
flexibility for freight rolling stock on that network than for the rest of Europe. The relevant
paragraph of TSI Wag reads:

“Rolling stock should be designed to operate safely over a track twist of up to 17 per mille over a
2.7 m base, and up to 4 per mille over an 11.2 m base”.

This will make the rolling stock much less likely to derail due to track twist and should be
considered also for the rest of Europe. However, it is unlikely that all existing RIV marked
freight wagons will satisfy such a requirement.

5.5.4.9 Apply safety slings of steel wire on underframe brake gear

In order to prevent brake falling from a wagon and possibly causing a derailment, parts of the
brake rigging that could come loose should be secured by safety springs of steel wire. This is a
requirement in some countries or done by some freight operating railway undertakings.

5.5.4.10 Regular check and greasing of buffer fastening

Rolling stock buffers can be lost and be a cause for train derailment, but it is not a frequent
derailment cause. Various preventive measures are normally in place to control this possible
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derailment cause as: inspection of buffer fastenings and regular greasing of buffer plates as
well as buffer cylinder contact parts. If considered necessary fastening elements should be
strengthened.

5.5.5 Rolling Stock Applied Operational and Organisational Measures

5.5.5.1 Task Force (TF) made up of Experts in the field of Freight Wagon Maintenance and
Railway Axles

A task force under administration by ERA has been set down by European railways after the
Viareggio accident to investigate what action can be taken to reduce the risk of such accidents.

The objective of the first phase of the work was to address and develop urgent measures as a
follow-up to information on problems with broken axles (cases in AT, DE, IT). For this purpose
the sector set up a Joint Sector Support Group (JSSG) and focused on the following tasks:

e Investigate further and with urgency the width and character of the problem with broken
axles, based on information from NSAs and the operators and study the need to reduce the
maximum permitted axle load for wagons with certain types of axles that may have been
overloaded without adequate maintenance supervision.

o Review the relevant actions in the sector action plan and develop the necessary
accompanying measures (European Visual Inspection Catalogue — EVIC, etc.).

o Review ongoing standardization activities and identify further areas for standardization
and/or the need for review of standards.

5.5.5.2 Implementing the European Visual Inspection Catalogue for Axle Inspections

Since 01.04.2010 a European-wide voluntary program of wagon owners for visual examination
of axles and wheels has started. The purpose of the inspection is partly to identify surface
marks and scratches in wheels and axles that can act as crack initiators.

The EVIC can be considered as a reference manual for RUs and keepers providing the criteria
to freight wagon maintenance staff to visually identify, during light maintenance in workshops
(i.e. without disassembling from the wheel-sets), axles with a potentially increased risk for safe
operation. A wheel-set/axle which doesn’t meet the EVIC-criteria will be discarded from service
and undergo non-destructive tests (NDTs). Additionally, a sample of axles fulfilling the EVIC-
criteria will also be subject to NDT.

This program runs over the next 4 years for rail tank cars and 6 years for other railway wagons.
The examination according to EVIC-catalogue will be done from April 2010 on each wagon,
which enters a workshop for repair (operational maintenance) outside from revision. The
inserted wheel-sets are examined and the workshop will inform the wagon owner about the
result. Results with regard to inspection progress are to be reported to the ERA. All private
owners announce the collected inspection results over the federation VPI (or VDV) monthly to
for European-wide evaluation of the results.

A catalogue document describing the defects to be looked for has been developed.
5.5.5.3 Derating of Allowable Axle Load for Certain Axles

Investigations by the ERA JSSG set down after the Viareggio accident indicates that an
increase of the axle load of types A-l and A-ll axles has been allowed nationally for some
countries even though this exceeds the intended design load. The JSSG has recommended
that maximum operational axle load limitations for A-I and A-1l axles are limited to 20 tonnes.
A-lll axles are allowed a continued operation with 22.5 tonnes axle load provided strengthened
inspection and maintenance routines are introduced /6/.

Type A axles comprises more than 75 % of existing wheel axles in European rolling stock.
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5.5.5.4 Wheel Integrity Inspection (ultrasonic)

Wheel ruptures and damage to the wheel profile may be a contributing cause to derailments.
Whereas wheel impact load detectors can detect some wheel profile problems, wheel profile
measurement systems and wheel ultrasonic integrity inspection with respect to cracks can
provide a more complete picture. They are also based on other technology: analysis of lasers
and digital camera images highlighting the profile using lasers or strobe light. In addition
wheels have to be inspected for material cracks that can cause ruptures.

Various NDT methods can be used for crack detection including ultrasonic. Technology exists
for supervision stations in depots that can do the necessary inspections while the train passes
the supervision station in low speed. Measurements can be stored in a central database for
monitoring of trends and planning of maintenance.

5.5.5.5 Requirement for Double Check and Signing of S-marked Maintenance Operations

CargoNet, the largest freight rail operator in Norway, has classified their maintenance activities
according to whether the maintenance operation is safety critical or not. The safety critical
maintenance operations, called S-marked activities, have to be double checked and signed out
by 2 persons. This is considered to reduce the likelihood of faults and omissions in the
maintenance work of safety critical items of the rolling stock.

5.5.6 Train Operational Measures
5.5.6.1 Qualified Persons Responsible for Loading Safety

In Spain it is required by law to have a qualified and certified person responsible for
supervising the loading of trains. In the recent national legislation in Spain companies
performing loading and unloading tasks are required to designate a responsible person. The
person designated must demonstrate sufficient knowledge in order to be deemed qualified,
and the designated person is registered with the train operator. Also in Bulgaria a qualified
person is to be responsible for correct train loading. This information is received from
questionnaire response.

5.5.6.2 Locomotive and First Wagons of Long Freight Train in Brake Position G (“‘Lange
locomotive”)

When operating long freight trains in brake position P the delayed application of pneumatic
train brakes in the rear of the train compared to the front of the train causes significant
compression forces. In order to limit train compression forces when operating pneumatic
brakes of a freight train in position P the locomotive(s) and the first wagon(s) of a long freight
train shall be put in brake position G to limit the compression forces of the train when braking
with the pneumatic activated train brakes.

In Germany the requirements are specified in /37/ and for freight trains weighing 800 — 1200
tonnes the locomotive should be placed in brake position G. For freight trains weighing 1200
tonnes or more, the locomotive and the 5 first wagons are to be placed in brake position G.
The above train weight values are exclusive of locomotives.

5.5.6.3 ATP-system for Testing of Braking Performance of Train Mechanical Brakes

The ATP-systems of some countries including Norway, Sweden and Finland called ATC, has a
function to perform a dynamic brake test on the route to get actual test information with regard
to the train braking performance.

In Sweden it is mandatory to test the train brake performance by this system as soon as
possible after departure from a train formation station. Specifications in JvSFS 2008:7 bilaga
11 /38/.
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5.5.6.4 Limitations on use of Brake Action in Long Freight Trains

Regardless of type of brake activation it is important to restrict brake actions in difficult track
geometries at low speed. In particular this applies when freight trains are routed through
deviated point settings with narrow curves across stations. The traffic operation regulations of
Austria /31/, Switzerland /27/, and other countries, specify limitations.

Electro-dynamic braking

Operational braking in freight train is mainly carried out by using electro-dynamic brakes at the
locomotive. This produces compression forces in the train and the brake force at the
locomotive has to be limited in difficult track geometries in order not to jeopardize safety
against derailment. Train operators therefore have specified limitations with regard to allowable
use of electro-dynamic brakes, in particular at low speed. Here are some examples:

e CargoNet (Norway): 150 kN.

« OBB (Austria): 100 kN for speeds < 40 km/h and 150 kN for 50 km/h=/< speed >
150 km/h, /31/.
e SBB (Switzerland): 150 KkN.

For older locomotives such limitations has to be adhered to by the driver. For modern
locomotives the limitations are programmed into the brake and traction control computers.

Use of pneumatic brake

The Swiss traffic operation regulations /27/ specifies that when passing deviated point settings
with speed limitations to 40 km/h the application of pneumatic brakes should be limited to 0,5
bar pressure reduction unless during emergency.

Further, the regulations specifies that after an emergency braking at above specified track
conditions the train should be inspected before continued operation.

5.5.6.5 Saw Tooth Braking Applied when Pneumatic Brakes used in Long Descents

When pneumatic brakes have to be applied to restrict the speed in long descents the Swiss
traffic regulations (Fahrdienstvorschriften) /26/ specifies that saw-tooth braking should be
applied. This means that during a brake application of approximately 60 seconds the speed
should be restricted so much that there can be an interval of minimum 90 seconds without
brake application until the next pneumatic brake application. By such actions the heat exposure
to the wheels is limited and the risk of wheel damage is reduced and hence reducing the risk of
derailment.

If necessary, the speed should initially be reduced so the above specified brake actions are
sufficient to maintain allowable speed during the descent.

5.5.6.6 Initiate Braking Prior to Passing Signal or Sign Requiring Braking Action

When passing a signal showing a reduced speed, the driver should initiate the braking or
speed reduction activities prior to passing the signal. This is a requirement of the Swiss
operating rules /13/. For a number of reasons this may reduce the risk of over-speeding and
derailment in track deviations:

e The braking action is initiated earlier and a gentler braking will ensure sufficient speed
reduction according to signals and signs.

e There is less chance of the driver forgetting the speed reduction signal if the braking action
is initiated immediately.
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5.5.6.7 Improved Handling of Trackside Detector Alarms

It is not uncommon that hot axle box alarms are acted upon too late so the derailment has
already occurred when the train stops or reduces the speed. Further, there are several
examples of accidents that seem to have occurred due to overriding of a hot axle box alarm,
either because the time taken for the driver to inspect the axle box has taken too long (thus
cooling has occurred), or possibly because there is not a convenient location to stop and
inspect the train without delaying other traffic, etc..

Trafikverket in Sweden (former Banverket) has recently issued a new regulation for how
various alarms should be handled (BVF 592.11) /36/. The document specifies the actions to be
carried out after a detector alarm registration is received and restricts the traffic controller’'s and
train driver’s possibility to override detector alarms.

5.6 Consequence mitigating measures
5.6.1 Overview table of existing consequence mitigating measures

In the following table the various existing measures to mitigate the consequences of
derailments are briefly presented. In Section 5.6.2 a further description of the various
measures are included.
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Table 10: Consequence Mitigation Measures

(D)

see 5.6.3.3.

Category: | M# | Measures and motivation: Where applied: Source
Rolling stock | M-1 Derailment detection detectors (valves) to avoid derailed wagons from being By train operators in Switzerland Knorr Bremse &
(D) dragged along for long distances. For further info see 5.6.2.3. & Slovenia. Similar system in use | Questionnaire info
in RWE Rheinbraun A2 final draft report reviewer
M-2 Equip tank wagons with impact shield to protect tank against penetration (US- RID requirement for some RID /15/ & RSSB /11/
(D) requirement also used in Sweden). For further info see 5.6.2.4. materials, e.g. chlorine. Country
requirements: US, Sweden
M-3 Install emergency warning lights on locomotive to warn train on neighbouring track Switzerland BAV Fahrdienstvorschriften
() going in opposite direction. For further info see 5.6.2.5. 128/
Accident report Milhlehorn
M-4 Attach mechanical guides at the bogie structure or on wagon support at appropriate | High speed trains in France, Document received from Mr
(D) position to ensure that a derailed wagon most likely is kept along the track and does | Sweden and Japan. Similar Emmanuel Ruffin of ERA.
not overturn or become hit by other wagons. For further info see 5.6.2.6. system in use in RWE Rheinbraun | /39/
A2 final draft report reviewer
Infrastructure | M-5 Existing requirement for safety rails (guard rails) at bridges and in tunnels. For Several countries for bridges. General railway knowledge
(D) further info see 5.6.2.1. Denmark for to tunnels
M-6 Battering rams in front of safety critical pillar supports of roof structures and Germany A1 final draft report reviewer
(D) overbridges in order to prevent derailed rolling stock damaging such safety critical
structures. For further info see 5.6.2.8.
M-7 Installation of dragging object and derailment detectors. The detector will detect US and other countries Ref /12/
(D) both dragging objects and derailments. For further info see 5.5.2.5.
M-8 Installation of deviation points leading to a safe derailment place in strongly Norway, Sweden,United Kingdom | Preliminary Accident
(D) descending tracks from marshalling yards and train formation stations. For further etc. investigation report /44/ &
info see 5.6.2.2. Press news from JBV /45/
M-9 Radio or cell phone communication installations like GSM-R in order to transfer To be implemented as part of Part of ERTMS specification
) emergency stop orders to trains. For further info see 5.6.2.7. Interoperability directive and TSIs | in TSI command, control and
command, control and signalling. signalling /
Operational M-10 | Separate passenger and freight traffic to separate lines to a larger degree (which is | High speed lines for passenger EU-programme
() also EU-policy). For further info see 5.6.3.1. traffic. Betuwe route (NL) for
dedicated freight
M-11 | Restrictions on freight traffic in general or hazardous materials transport in special Examples are banning of general NL - Prorail Network
(D) through certain busy passenger terminals and/or underground stations to restrict freight traffic through airport train Statement 2010 /25/
traffic and limit the consequences of a derailment. For further info see 5.6.3.2. stations (e.g. Oslo and Schippol)
M-12 | Develop and apply a checklist for dangerous goods transport as the Swiss checklist | Switzerland BAV Checklisten —
(D) for dangerous goods transport by freight trains. For further info see 5.6.3.3 Checkliste Gefahrgut.
M-13 | Requirement for activating of warning lights in driving end of train. For further info Switzerland BAV Fahrdienstvorschriften
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5.6.2 Description of Technical Consequence Mitigating Measures
5.6.2.1 Installation of Guard Rails between Running Rails

The European railways in general install guard rails between the running rails at bridges to limit
the movement of a derailed wagon. In some countries and railway lines (e.g. @resund tunnel in
Denmark) guard rails are also fitted in tunnels. The measure could be given a wider application
in order to limit the free movement of a derailed wagon and hence may limit the consequences
of a derailment.

Guard rails should not ne confused with check rails (P-1) that are installed to limit the
consequences of a derailment, see 5.5.1.1.

5.6.2.2 Installation of Deviation Points leading to a “Safe” Derailment Places

In order to handle runaway rolling stock in strongly descending tracks from marshalling yards
controlled derailment points may be provided to avoid runaway rolling stock accelerating in the
descending tracks and causing large consequence collisions or derailments or other accidents
further down the line. Such trap points are frequently used in many networks and are
derailment devices to limit consequences if other safety measures have failed or are are not
sufficient.

Severe accidents due to a lack of safety trap points have recently occurred March 24" 2010 at
Alnabru/Sjursgya in Oslo Norway /44/ causing 3 fatalities and 4 serious injuries, and December
3 2005 at Salerno in ltaly /46/ causing one fatality and 3 injuries. Pursuant to the
Alnabru/Sjursgya accident Jernbaneverket in Norway has installed deviated points leading to a
safe derailment location /45/.

In addition, a derail or derailer is a device used to prevent fouling of a track by unauthorized
movements of trains or unattended rolling stock. It works (as the name suggests) by derailing
the equipment as it rolls over or through the derail.

5.6.2.3 Installation of Derailment Detector Valves

The purpose of a derailment detector is to detect that a derailment has occurred and to either
automatically employ brakes to bring the train to a halt or to warn the driver and allow the driver
to take appropriate action. The technology employed is typically a spring mass valve
measuring vertical acceleration. Acceleration above a certain threshold activates the
emergency brake valve. The derailment detector valve is installed on rolling stock in Slovenia
and Switzerland (tank wagons), and is provided by tank car hire wagon companies.

It is also reported that similar systems are used by RWE Rheinbraun trains operating in
Germany.

5.6.2.4 Crash Protection of Tank Cars

Tank wagon hire companies have available for hire rail tank wagons with a large number of
elements for improving the safety of hazardous goods transport services.

The rail tank wagons are fitted with special buffers with additional deformation elements and
structural protection to prevent damage for impact speeds up to approx. 35 km/h depending
upon the size of the train. It is a requirement for transport of many types of hazardous materials
that the wagon is equipped with protection against buffer locking (Uberpufferung) to prevent
structural damage to the tank and wagon frame in an accident. RID specifies the minimum
requirement for wagons used for various type of materials /15/.

The unit also features protective shields on both ends of the tank serving as a crumple zone
and protecting the tank bottom from perforation in the event of buffer locking and overriding.
Design improvements on the fittings dome provide added protection against leakage if the
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vehicle overturns or rolls over. The additional optional safety elements increase the tare weight
by only approx. 1.2t.

The CPR tank car (Crash Protected Rail Tank Car) meets the valid rail standards (e.g., UIC,
RIV) and European standards for rail tank cars EN12561. In terms of design and technology,
the wagon is optimal for cross-border transport services.

5.6.2.5 Install Warning Lights in Driving End of Train

In Switzerland it is a requirement that locomotives are quipped with warning lights in the front
that can be lit to warn trains on the neighbouring track in the opposite direction about possible
dangers in terms derailed wagons etc. Installation of such warning lights can be extended to
other countries.

These warning lights (red flashing lights) should be activated if the train driver suspects that the
neighbouring track could be blocked or interfered by a derailment or other obstruction. See
also 5.6.3.3.

5.6.2.6 Derailment Guides on Bogies and Wagon Supports

A number of high speed passenger trains are equipped with structures or equipment in the
bogie which ensures that the wagon is kept along the track if a derailment of one axle occurs.
Examples of such trains are TGV in France, X-2000 in Sweden and Shinkansen in Japan. In
many cases the guiding devices has been installed for other purposes and for other functions,
but their guiding effect has been proven in accidents. /39/

It is also reported that similar systems are used by RWE Rheinbraun trains operating in
Germany.

5.6.2.7 Emergency communication equipment

Emergency communication connection from between trains and tratffic central and trains can
reduce the time from derailment to train stop and hence reduce consequences. GSM-R is a
cell phone based communication system that is specified as pert of ERTMS and will be
standard system in the EU-countries.

5.6.2.8 Battering rams/structural protection

Safety critical structural supports of platform roofs, large overbridges located between tracks or
close to tracks may be given additional protection in the form of battering rams or other forms
of structural protection to limit the risk of damage from derailed rolling stock. The measure are
used to protect special safety critical structures and is not very commonly used.

5.6.3 Description of Organisational and Operational Consequence Mitigating Measures
5.6.3.1 Separation of Freight and Passenger Traffic by Route or Time

In order to minimise the risk of hazardous materials rail transport, hazardous materials trains
should as far as possible be separated from heavy passenger rail traffic by route or time of
operation in order to minimize the consequence. Hazardous material trains should if possible
also be routed around high population density residential areas.

5.6.3.2 Restrictions on Freight Traffic through busy City Terminals and/or Underground
Stations

Restrictions on freight traffic in general or hazardous materials transport in particular through
certain busy passenger terminals, city centres and/or underground stations to restrict traffic
and limit the consequences of a derailment.

Examples are banning of general freight traffic at busy lines around Rotterdam and Amsterdam
or through airport train stations as Oslo Airport and Schipol in Amsterdam /25/.

HES
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5.6.3.3 Develop and Use a Checklist for Dangerous Goods Transport

The Swiss “Bundesamt fur Verkehr” has developed a checklist for use by freight train transport
of dangerous goods /41/. The checklist is meant as an operational aid in controlling freight train
transports of dangerous goods. The checklist could be adopted for use in the EU and other
countries.

5.6.3.4 Requirements for Activation of Warning Lights in Driving End of Train

In Switzerland it is a requirement that safety warning lights (red flashing lights) in the front of
the train are activated if there is a suspicion that a derailment has occurred and there is a
chance that the neighbouring track is blocked by the derailment or other obstruction. /28/

Improved communication systems by GSM-R required by ERTMS can be an alternative to the
above measure.
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6.0 Detector status in the USA

The Association of American Railroads is the main interest organisation of the American
railways and has provided information about the situation in the United States of America and
Canada.

6.1 US Detector Deployment Status

According to information by AAR the following deployment status in the US with regard to
number of various types of detectors at 2009 for the various wayside detectors is as follows:
112/

Deployment Status of detector installations in the US installed and maintained by railroads:
e Wheel Impact Load Detectors (about 130).

e Truck Steering Performance (about 30).

e Acoustic Bearing (about 25).

e Hot Bearing Box (about 6000).

e Wheel Profile (about 10).

e Brake Shoe Thickness (about 3).

o Cracked Wheel (1).

o Safety Appliance (2).

e High Speed Stability (about 70...added to WILD).
e Hot/Cold Wheel (about 700).

o Dragging Equipment (about 6000).

Most detectors’ types are coupled with Automatic Equipment Identification (AEI) information.
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0.0 Executive Summary
0.1  Study Scope and Objectives

Det Norske Veritas (DNV) is completing a study on behalf of the European Railway Agency
(the Agency), the objective of which is twofold:

1. Part A has the objective of identifying all prevention and mitigation measures that exist
today or could be implemented within the short term (before 1st of January 2013) or
medium term (ready to be applied or to be introduced in EU regulation within 5 to 10
years). For these measures, Part A work is also required to assess the market status for
technical measures (defined as devices or systems) and establish objective performance
data for the identified measures. The work in Part A also extends to identifying, as far as is
possible, potential long term measures (not expected to be ready to implement within 10
years) as an input to other research projects currently underway.

2. Part B has the objective of analysing the measures identified in Part A with a view to
establishing those that show the most promise from a risk reduction viewpoint. Part B
addresses such measures which are available at the short and medium terms.

The geographical scope for this work is the EU-27 countries plus the 3 candidate countries,
Norway and Switzerland. In addition, the USA and Japan are considered in the scope of safety
measure identification, but limited to the most commonly used safety measures and to the
foreseeable innovations at medium term.

This report concerns the Part A remit associated with the identification of market status for
technical measures (defined as devices or systems). Other work in Part A deals with the
other scope requirements, and is separately reported. It should be noted that this report is
factual in nature and does not seek to make any assessment regarding performance or
effectiveness of the identified measures - all measures reported here are to be taken forward
for consideration on Part B.

0.2  Methodology and Study Results
The establishment of market share status proceeded using the following methodology:

1. Establish from other work in Part A the list of existing and future technical measures that
are, or could be, applied to reduce rail freight train derailment risk.

2. For the technical measures identified from 1 above, complete research to establish total
market size for technical measures, market share and other pertinent information through:

a. Interrogation of railway suppliers published material and product catalogues.
b. Re-use of existing research on market suppliers

c. Direct consultation with the railway supplier market to establish relevant
information on the products they offer.

3. Consolidate the results from this task, and other tasks in Part A, to arrive at this market
status report.

The work reported here has studied the following existing technical measures:

¢ Hot Axle Box Detection (HABD) systems (devices to detect hot axles and raise an alarm so
that the defective wagon can be inspected). We concluded this to be a mature market, with
many existing suppliers. Pricing levels are likely to be stable, and unlikely to be influenced
by further regulation.
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Acoustic Bearing Monitoring (ABD) systems (devices to detect early onset of bearing
failure). We concluded this to be an existing technology, although with few installed
applications within the European rail community (it is predominantly used in countries such
as China, the USA and Australia). It is dominated by a few suppliers. These suppliers
seem to have different geographical foci. Extension into the European market would
present a new market opportunity for these existing suppliers.

Wheel Load / Wheel Load Impact Detectors (devices to detect wheel defects, Y/Q forces
etc). We concluded this to be an existing market with many suppliers of systems offering
different solutions to the same problem. Pricing levels are likely to be stable, and unlikely
to be influenced by future regulation.

Bogie Performance Monitoring systems (devices to detect tracking problems and other
bogie defects). We concluded this to be a new and emerging market, dominated by a few
suppliers. The potential market (in terms of potential device population) is considered to be
small because only a small number of these systems are required.

Wheel Profile Measurement systems (devices to check wheel profile, wheel diameter etc).
The market is relatively small, but represented by at least 8 suppliers offering different
systems with systems of this type being in use for at least 2 decades. Pricing levels are
likely to be stable.

Loading Gauge Infringement Detectors (to detect out of gauge loads, dragging equipment
etc). Our analysis of measures in this category has revealed a small number of suppliers
of such systems. We are aware however that other approaches exist to detecting out of
gauge loads using measurement devices and bespoke engineered systems.

Derailment Detection Systems (devices to detect axles that have derailed). The size of the
existing market is growing, and currently about 2,000 wagons are equipped world-wide.
The potential future market size is significant, and could extend in theory to every freight
wagon. The technology is not new, although the application to this purpose is novel. Prices
of products are relatively cheap and it is considered there is little room for further price
reductions.

The work reported here has studied the following potential future technical measures:
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Image Analysis Systems (devices to detect loose items, such as braking equipment,
coupler separation etc). We are aware of no installations of these systems within the
European rail community. These systems are provided by a small number of suppliers.
Potential market share/size for these systems cannot accurately be predicted. However,
the functions performed by such systems are provided by other devices presently installed
or by other risk controls applied.

Anti-lock Devices (devices to reduce wheel locking for freight wagons). Our analysis of
measures in this category has revealed one supplier of such systems. The potential
market size is similar to the derailment detector devices, reported above.

Sliding Wheel Detectors (devices to detect wheel locking — fitted trackside). Our analysis
of measures in this category has revealed one supplier of such systems. It is likely that
deployment of such devices would be limited to exits from freight loading bays / routes
such that defective braking could be identified prior to entering service which will define the
potential market share.
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0.3  Conclusions and Next Steps

This work reported here has established market information for those technical measures that
have been identified by the study team to date. However future work (Part B) will supplement,
if required, the information provided in this document and add any new information that is
advised to the project team.

The next project step will take this information forward into Part B where it will be used to
provide input to task of assessing the effectiveness of these measures (and other non technical
measures) in terms of freight train derailment risk reduction, in accordance with the Part B
study objectives.
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1.0 Introduction
1.1 Background

This document is prepared against the requirements of the European Railway Agency’s (ERA)
study "Assessment of existing technical and operational measures against freight train
derailments in the Community’s railways”, [1]. The task description for the work reported in this
document is as follows:

The task A.2 will provide data on markets related to ‘technical measures’. The volume
of existing market and sales, in and outside EU, shall be described as well as the
respective shares of key designers, manufacturers, suppliers.

In addition to this task report, the following additional reports are relevant and are referred to as
appropriate:

e Task Al, [2]. This document provides information about existing safety measures that are
applied in the railway system to reduce the likelihood or mitigate the consequences of
derailments, and more specifically freight train derailments.

e Task A3, [3]. This document provides an assessment of the function and performance of
the existing, short and medium term measures that are in place, or could be applied in the
future, to reduce the likelihood or mitigate the consequences of derailments, and more
specifically freight train derailment.

1.2  Definitions
The following definitions are used within this document:

o Existing safety measures means currently applied for implementing a given regulation
requirement, or applied on a voluntary basis, [1].

e Short term (safety) measure means that the safety measure is ready to be applied or to be
introduced in EU regulation by 1st of January 2013, [1].

e Medium term (safety) measure means that the safety measure will be ready to be applied
or to be introduced in EU regulation within 5 to 10 years, [1].

e A technical (safety) measure is defined as being a device or a specific technical system,
[1].
Safety measures discussed within this document include:

e Human measures, defined as: Measures to improve the individual's capability to perform
his/her duties in a correct and safe manner. This includes competence, knowledge,
decision support information systems for the persons that have the responsibility to carry
out a certain task.

e Organisational measures, defined as: Measures pertaining to the management of the
organisation, including staff training, safety management system, operational planning,
human resource management, handling of requirements related to independence, roles
and responsibilities etc.

e Operational measures, defined as: Measures in this category include operating instructions
or operational rules that are in place in part to reduce the risk of freight train derailments.
Examples might include speed restrictions, rule book actions etc.

e Technical measures, defined as: Measures that are based on a device or particular
technical system.

HES
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Finally, the main work for this task is listed in Section 3.0. The following terms and definitions
apply:

e Device: This is the specific name or identifier of that device.

e Producer: This is the name of the organisation that produces / manufacturers that device.

e Technical Summary: This is a summary of the technology used.

o Development Status: This is a description of the history, major device updates.

e Currently Installed Base: Installed base is the estimate of the number of devices that are
currently installed and in-service.

e Estimated Market Share and Main Competitors: Wherever possible, market share
represents the estimated percentage (or other measure) that describes the share that
device has when compared to the total market size for that device. In some cases this has
not been possible however and so other monetary measures are sometimes used. Main
competitor represents the supplier's view of which products are the main alternatives to
that device.

This report does not seek to make any assessment regarding cost effectiveness of these
measures. In this regard, the work reported here will be taken forward to a further project
stage (Part B) that will seek to identify the most promising measures from those identified here.
The future work (Part B) referred to will supplement, if required, the list of measures discussed
in this document and add any new measures that are made advised to the project team.

All identified measures will be considered in Part B.

HES
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2.0 Methodology

2.1  Purpose

The purpose of the market research is to:

e Collect information on suppliers and current / future products in the market;

e Understand the market structure for various technical measures, i.e. in terms of whether
there is only a single supplier (monopoly), a few major suppliers (oligopoly) or many
suppliers (competitive market). Some suppliers may also be dominant;

e Understand the current size of the market compared to the potential size. A small
difference indicates a mature market; a large difference indicates an emerging market and
may also imply that there will be periods where demand outstrips supply. The difference
may also be a rough indicator of the cost of introducing a measure.

2.2  Data Collection
2.2.1 Establishing Existing and Future Measures

The work to establish the portfolio of all existing measures (Table 1 below) was informed by
our Al work [2]. Our Al [2] report summarises the measures that are currently used by
Infrastructure Managers (IMs), Railway Undertakings (RUs) and other railway stakeholders in
the area of rail freight risk reduction. As reported in Al [2] these measures were identified
through a review of available literature, network statements, accident reports and the like.

In addition, DNV embarked on a process of direct consultation with IMs, RUs and other railway
stakeholders and received responses from 38 such organisations identifying 47 preventive
measures and 13 mitigation reduction measures.

Concerning future measures (Table 2 below), part of our direct consultation included
questions that requested respondents’ views on future innovations and measures related to
freight train derailment risk reduction measures. Further, this direct consultation also included
railway trade and research organisations thus enabling their views (and those of their
members) regarding existing and future measures to be established.

2.2.2 Measure Classification

In our report Al [2], all measures were classified into operational, organisation, technical or
human as required by the Terms of Reference (TOR) [1]. Those classified as technical
measures (defined by the Agency as being based on a device or particular technical system),
were considered in this report, as also required by the TOR [1].

2.3 Market Share and Market Details for Technical Measures

Following on from the work reported above, DNV sought to establish potential market suppliers
for the identified technical measures. A number of methods were used to achieve this goal:

e In some cases the IM, RU or railway stakeholder responding to the direct consultation
provided details of suppliers.

¢ Internet research was completed to identify additional suppliers to the market.

e Previous research work on this subject was interrogated and two reports have been
particularly helpful in this respect:

o Rail Safety and Standards Board (2008), Identification of existing and new technologies
for wheelset condition monitoring, RSSB Report for Task T607, July [4].
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e TTCI (2010), 15" annual AAR Research Review, Presentation from March 2-3, 2010
[5].

Once suppliers were identified, DNV invited these organisations to contribute to the project
through a second round of direct consultation. This consultation took the form of a supplier
gquestionnaire and / or interview format. The interview guide / questionnaire is included in
Appendix I. The questionnaire consists of two parts:

e Part 1 is an Introduction to the study and Common Questions, i.e. not pertaining to a
specific product;

o Part 2 are product specific questions. We requested that one questionnaire per product be
filled in.

Initial contact with each supplier was, in most cases made using telephone, and, when
receiving a positive response to participation, either an interview arranged, or a questionnaire
issued. In total, we have received product information on over 30 technical measures following
this work.

As will be seen from the information provided in Appendix I, suppliers were asked for their
assessment of existing and potential market size, their share of the market, costing information
etc. Collectively, the information gathered from all the sources described above was used to
estimate market share information.

2.4  Discussion of Challenges Related to the Data Collection Process

Securing active involvement from suppliers has been a challenge, requiring perseverance and
time. In general, we have found that larger suppliers with an existing market with the European
Union (EU) have been reluctant to respond. In contrast, suppliers with newer products and/or
lower penetration into existing EU markets have been more responsive.

Some suppliers who have responded have considered that certain data relating to market
share, product pricing and technology cannot be released, despite the confidentiality clauses
surrounding this work. Finally, in many cases, data on market size and share was not known
by the suppliers.

This of course means that the results of our market assessment may not be as robust as we
would like it to be, based solely on supplier responses. We have addressed this issue where
possible by:

e Reviewing IM and RU responses to our consultation on safety measures (as reported in [2,
3]). In some cases this consultation and subsequent further communication has identified
the types of technical measures used.

o Establishing the quantity of suppliers in the market for a given technical measure, thus
enabling a judgement of whether the market is a monopoly, oligopoly or competitive.

o Establishing the maturity of the market and its current regulatory status.

Through these method enhancements, DNV considers that the data obtained is fit for its
intended purpose.

2.5 Existing Measures for Market Research

Below we tabulate the conclusions of this work in terms of existing measures. In these tables
those that have been classified as technical measures are shown as being subject to market
assessment.
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Table 1 List of Existing Measures

Measure | Description Market Comment / Discussion

Number Assessment

P-1 Check rail No Check rails are a well established mechanical measure
with many suppliers.

p-2 Track and flange lubrication No Track and flange lubrication systems are installed

installed on track primarily as measures to reduce track wear, although
they are thought to contribute to reducing derailments in
certain cases. However, as derailment mitigation is not
their primary purpose we have not considered them
here.

P-3 Rock scree and avalanche No This is construction work at specific sites thought to be
protection structures vulnerable to natural hazards — not a product bought off

the shelf.

P-4 Rock scree and avalanche No These systems are primarily engineered systems —
detectors purpose built to specific sites, not products bought off

the shelf.

P-5 Obstacle detectors at level No The primary objective of obstacle detectors is to avoid
crossings collisions usually at level crossings, although they may

contribute to minimising the risk of a follow-on
derailment. They are not considered here.

P-6 Geo radars No Geo radars. IMs currently employ techniques for the
identification of track superstructure faults. Further,
track superstructure faults appear, based on our
accident review, to make only a minor contribution to
freight train derailments.

p-7 Rolling stock mounted equipment No Rolling stock equipment for rail profile monitoring. This
for monitoring of rail profile technology allows for quicker and more efficient
conditions. inspection of rail profile conditions (compared with the

use of specialist vehicles) The main benefits of such
systems are cost and efficiency, rather than safety.
These are not considered further.

P-8 Track circuit No Track circuits are part of a normal signalling system and
although they may also help detect rail ruptures, are
generally not for this on its own. They are not
considered here.

P-9 Interlocking of points operation No This is part of a normal interlocking system.

while track is occupied Interlocking of points operation is a question of the
design of the interlocking system and is not a product
bought off the shelf.

P-10 Hot axle box (hot bearing) Yes
detectors

pP-11 Acoustic bearing monitoring Yes
equipment

pP-12 Hot wheel and hot brake detectors No These are often provided as a function of hot axle box
detectors, and for the purposes of this assessment are
jointly considered with P-10.

P-13 Wheel load and wheel impact load Yes

detectors

P-14 Dragging object and derailment No See M-6
detectors

P-15 Bogie performance Yes
monitoring/Bogie lateral instability
detection (bogie hunting)

P-16 Wheel profile measurement system | Yes
/ Wheel profile monitoring unit

pP-17 Loading gauge infringement Yes
detectors / profile and antenna
protruding detection

P-18 Sufficient availability of No Operational/organisational measure.
maintenance resources

P-19 Clearance of obstructions from No Normal inspection and maintenance in most countries.
flange groove (particularly at level
crossings)

P-20 Ultrasonic rail inspection No This measure relates to the frequency of rail

inspections.

pP-21 Track geometry measurement No This measure relates to the frequency and coverage of

track geometry inspections.
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Measure | Description Market Comment / Discussion

Number Assessment

p-22 EU-wide intervention/action limits No Operational/organisational measure.
for track twist

p-23 EU-wide intervention/action limits No Operational/organisational measure.
for track gauge variations

p-24 EU-wide intervention/action limits No Operational/organisational measure.
for cant variations

P-25 EU-wide intervention/action limits No Operational/organisational measure.
for height variations and cyclic tops

P-26 Flange lubrication of locomotives No This is equipment mounted on the locomotive which
would perform a normal function. The equipment will
not have the capability of detecting a possibly
dangerous situation.

p-27 Replace composite wheels with No Wheels are a part of any locomotive or wagon. It is a

monoblock wheels simple mechanical measure. Both types of wheels
have existed for a long time and constitute alternative
technologies. Most suppliers of wheels will provide both
types of wheels.

P-28 Replace metal roller cages in axle No Roller cages in axle bearings are a part of any rolling
bearings by polyamide roller cages. stock. Different types of cages have existed for a long

time and constitute alternative technologies.

P-29 Replace existing axles for stronger | No Axles are a part of any locomotive or wagon. Itis a
axles or axles with improved simple mechanical measure. Different types of axles
material properties with regard to have existed for a long time and constitute alternative
crack initiation and crack technologies.
propagation Most suppliers of axles will provide different types.

P-30 Increase the use of central coupler | No Couplers are a part of any locomotive or wagon.
between wagons in fixed whole Different types of couplers have existed for a long time
train operation. and constitute alternative technologies.

Mandating a new type of couplers will raise a number of
problems in the transitory period — except for isolated
transportation routes.

pP-31 Increase the use of bogie wagons No This means buying new types of wagons — it is not a
instead of multiple single axle measure that can be applied to old rolling stock.
wagons with a long wheel basis.

pP-32 Install disc brakes instead of wheel | No Brakes are a part of any locomotive or wagon. Different
tread brakes. types of brakes have existed for a long time and

constitute alternative technologies.
Most suppliers of brakes will provide different types.

pP-33 Rolling stock design for track twists | No This means buying new types of wagons — it is not a
measure that can be applied to old rolling stock.

P-34 Secure brake gear underframe No This requires a special design for new wagons or
retrofitting existing wagons; retrofitting requires some
form of rebuilding, i.e. it is not a product bought off the
shelf.

P-35 Regular greasing and checks of No Operational measures

rolling stock buffers.

P-36 Wheel set integrity inspection No This is the normal wheelset inspection program carried

(ultrasonic) programs out to by all RUs to ascertain that the wheels and axles
are free of safety critical wear damages and cracks.
This is normally carried out by visual inspection as well
as ultrasonic or other NDT-methods while the train is in
a depot.

P-37 Derating of allowable axle loads No Operational/organisational measure.

P-38 EVIC (European Visual Inspection No Operational/organisational measure.
Catalogue)-based inspection of
freight train rolling stock axles

P-39 Double check and signing of No Operational/organisational measure.
safety-classified maintenance
operations

P-40 Qualified and registered person No Human measure.
responsible for loading

P-41 Locomotive and first wagons of No Human measure.
long freight trains in brake position
G

pP-42 Limitations on use of brake action No Human measure.
in difficult track geometry

P-43 Dynamic brake test on the route No Human measure.
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Measure | Description Market Comment / Discussion
Number Assessment
P-44 Saw tooth braking to limit heat No Human measure.
exposure to wheels
p-45 Initiation of braking or speed No Human measure.
reduction prior to passing signal
showing reduced speed
P-46 Not allowing traffic controllers and No Human measure.
drivers to override detector alarms
pP-47 Wagons equipped with a balance No Human measure.
to detect overload in visual
inspection.
M-1 Derailment detection devices Yes
M-7 Dragging object / derailment No In the context of derailment detection these devices
detectors offer an alternative to M-1. To be comparable however
these devices would have to be fitted at a very high
frequency along the track, with high installation costs
and maintenance costs. On the basis that the cost
would be prohibitive (compared to M-1 we have not
considered these further.
M-2 to M-6 | These measures are excluded from the scope of future assessment during Part B [1] and hence are not required
and M-7to | to have an effectiveness assessment allocated to them.
M-13
2.6 Future Measures

Within our report [3], we identified 8 categories of potential future measures intended to
prevent or reduce the likelihood of freight train derailments. These are tabulated below. In
these tables those that have been classified as technical measures are shown as being subject
to market assessment.

We note that the information and assessments that follow for measures that have less
operational experience within Europe and therefore may be subject to more variation and

uncertainty.

Table 2 List of Future Measures

Measure Description Market Comment / Discussion
Assessment
End-of-train In the USA & Canada freight trains are No Based on the summary accident
device installed with “end of train devices” that are in review completed to date, lack of
(brakes) radio contact with the driver, and by radio braking effort / application speed
signal to the unit the driver can apply brakes has not been seen to be a
on the train in an emergency situation. significant contributory factor to
freight train derailments. This
measure is considered unlikely to
show significant benefit.
Awareness A concern expressed to us by several IMs was | No Not a technical measure
program and regarding the quality of freight wagons from
improved some countries. In particular that maintenance
maintenance as well as supervision of national authorities of
this maintenance is of varying standards.
Hot Axle Box | The use of thermo-sensitive chalks or similar No Not a technical measure
Indication to check for hot axle boxes
Machine These products are designed to detect faults Yes
vision that may occur on freight vehicles when they
devices run pass the detection site. Such devices are
installed at trackside and employ hi-speed
cameras to grab images of the vehicles and
these images are sent to the computer for
processing, comparing and analysis so any
fault on the vehicle can be distinguished and
detected. They detect mechanical failures of
the bogie, dragging objects, coupler faults etc.
Telematics Devices that allow receipt and transmittal of No Many of the devices providing
information from / to rail freight vehicles these functions are readily
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Measure Description Market Comment / Discussion
Assessment

available from many existing
suppliers. A market assessment is
not considered necessary

Anti-lock Antilock device for freight cars. A unit of this Yes
device type is running on container wagons in the
GB. Such devices may help to prevent
several undesirable and contributory causes
of freight train derailment, such as increased
track wear, wheel flats and overheating axles.
They may also provide a local power source
for other monitoring systems.

Sliding wheel | Sliding wheel detectors. These systems Yes
detectors detect wheels that are not rotating correctly
and raise an alarm, with similar benefits to the
antilock device for freight wagons described
above. They are currently used in at least
Australia, although a GB demonstration is

planned for 2011.
Handbrake Handbrake interlock. This would prevent a No We have found no suppliers of this
interlock freight train moving off with the handbrake measure, and assume it is an
applied. engineered system.
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3.0

Market Analysis®

This chapter is split into existing measures (Section 3.1) and future measures (Section 3.2).

3.1

Existing Measures

3.1.1 P-10: Hot Axle Box / Bearing Detector (and P-12 hot wheel and brake detectors)
Table 3 Identified Hot Axle Box / Bearing Detector Suppliers

Device Producer Technical Summary Development Status Currently Installed Base | Estimated Market Share Other Information
and Main Competitors
D.1 Producer D The primary function of the product | The product was introduced in | World wide: ~2,100 Total volume of sales is The product is
is to measure the temperature of 1999. In 2003, the EU: 0 above 10 ME€. employed both for
bearings on railway vehicles and temperature sensors were freight and passenger
raise alarms in the event the updated. traffic.
bearings temperature rises above a | The producer is working on
preset limit. further updating the
The product includes temperature temperature sensor by
sensors that are mounted on the importing a multi-element
track (clamping to rail) to collect array photon MCT detector
infrared heat generated from that is able to scan more parts
bearings on the passing train, and of the bearing to make the
electronic equipment that is detection more accurate and
installed at trackside to process the | reliable. Such up-grading is
signals collected by the expected to be available by
temperature sensors. mid-2012.
The technology employed is The product is approved by
infrared sensor technology and the safety authority in at least
computer technology. one country.
Installed about every 30 km.
E.1 Producer E Hot axle box detector. No further
information
F.1 Producer F Hot axle box detector. Did not respond.
No further information
G.1 Producer G Hot bearing detector. Producer G have
No further information. replied to our survey
but nor for these
products.

! Under the terms of the confidentiality agreement governing this work, details about individual devices has been removed.
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Device Producer Technical Summary Development Status Currently Installed Base | Estimated Market Share Other Information
and Main Competitors
H.1 Producer H Hot axle box detector.
No further information
H.2 Producer H Hot axle box detector.
No further information provided.
H.3 Producer H Hot axle box detector.
No further information provided.
1.1 Producer | Hot axle box detector. Producer | have
No further information provided. replied to our survey
but nor for these
products.
J.1 Producer J Hot bearing detector. Hot wheel Declined to be
detector. involved in this project.
No further information provided.
K.1 Producer K Hot axle box and brake detector.
No further information provided.
K.2 Producer K Hot axle box and hot wheel
detector.
No further information provided.

Our market assessment for hot axle box detectors is as follows:

o We estimate the existing market in the EU-27 countries plus the 3 candidate countries, plus Norway and Switzerland, to be in excess of
1,500 installations. This is based on the results of our IM consultation, and additional information sources, such as Network Statements.

e Other major markets are known to be the USA and China. In these two countries there are about 8,000 installations. (Based on
information received from our IM consultation and from supplier responses.)

e There is an existing requirement for hot axle box detectors to be installed at certain locations in the TSI for Safety in Railway Tunnels.
e Many IMs stated that they felt this technology to be effective, and already had plans to increase the installed base of such systems.

We conclude this to be a mature and existing market, with many existing suppliers. Pricing levels are likely to be stable, and unlikely to be
influenced by further EU regulation. We have noted that a number of countries do not use these devices at present, and so future EU
regulation in this area is likely to be absorbed by the existing supplier base, through internal tendering processes, therefore not providing
any undue advantage to any particular supplier. The acoustic bearing defect detector is a competing technology which may affect the
market for hot axle box detectors. It is a more expensive (around 10 times), but does not need to be installed with the same density.
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3.1.2 P-11: Acoustic Bearing Defect Detector

Table 4 Identified Acoustic Bearing Defect Detector Suppliers

No further information provided.

Device Producer Technical Summary Development Status Currently Installed Base | Estimated Market Share Other Information
and Main Competitors
D.2 Producer D This product’s primary function is to The product was introduced in | Worldwide: 62 Producer D state that they The product is used
detect bearing defects in their early 2000. Since then, only the EU: 0 have a 100% market share primarily for freight
stage through analysis of acoustic software has been updated. in one country and consider | traffic.
characteristics of the bearings. The product is approved by themselves one of a few
The product is installed at trackside. | the safety authority in at least major suppliers. Their
Two arrays of microphones are one country. volume of sales (worldwide)
mounted at both sides of the track to exceeds 10 M€.
collect bearing noise. Then the The main competing
acoustic signals are sent to the technology is hot axle box
computer for calculation, analysis detectors.
and comparison to determine if the
bearing is defective.
E.2 Producer E Acoustic bearing defect detector.
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Device Producer Technical Summary Development Status Currently Installed Base | Estimated Market Share Other Information
and Main Competitors
L.1 Producer L The product’s function is to detect The product was Worldwide: 50-500 Producer L estimates its The system has been

wheel-bearing faults on railway
vehicles during pass-by, providing
identification on fault type, fault
severity, location of defective bearing
on vehicle, monitoring and trending
of fault on repeat passes.

Device L.1 provides alerts to
operators of diminishing condition of
vehicle wheel bearings and condition
trending data for maintenance
scheduling purposes.

Bearing fault classifications identified
include Cup, Cone, Roller,
Looseness Fretting and combined
faults.

The system employs fixed
microphone arrays situated in
cabinets installed at the rail track
wayside, recording vehicle noise
during passby. Advanced signal
processing of the acoustic passby
noise including beam forming
technology, is employed to “direct”
the microphones at each axle
bearing position during train passby
for the equivalent of 2.5 times wheel
revolutions in post processing to filter
the analysed bearing acoustic
signatures and identify any faulty
wheel bearings

commercialised in 2003
following some 10 years of
development.

The product has been
modified in 2006, 2008, 2009
and 2010.

Several upgrades are currently
planned that will enable more
universal application to
passenger vehicles and track
systems. Customer requested
updates that would enable
identification of Traction Motor
“Inboard mounted” bearing
defects will be available within
2 years.

The system has approval in
one country and is
manufactured to 1ISO9001
standards

EU: 1

The market potential is
considered to be < 500 (>
100 M€ in monetary
terms).

market share to be 85%.

Sales from this product are
> 10 M€.

They acknowledge there is
one alternative supplier of
acoustic bearing detectors
(we have found two), but
considers its own
technology unique.

deployed for both
freight and passenger
vehicle applications.

RFID vehicle tagging
(although other
telematics solutions
may be possible) and
axle counts are used
to match faults with
vehicle/axle/side
locations or in some
instances automated
visual recognition of
wagon numbers is
used when tagging is
not available.

Our market assessment for acoustic bearing defect detectors is as follows:

o We estimate the existing market in the EU-27 countries plus the 3 candidate countries, plus Norway and Switzerland, to be in very small
at present, with only known installation in Great Britain.

e Other major markets are known to be the USA and China. In these countries there are about 80 installations. Populations in other
countries are unknown but not thought to be significant, perhaps in the range 100 to 150.
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e There no existing requirement for acoustic bearing defect detectors in EU regulation.

We conclude this to be a new and emerging market, dominated by a few suppliers. These suppliers seem to have different geographical
foci. The potential market is though (by Producer L) to be less than 500. (Because the technology is able to detect early onset of bearing
failure, these devices are installed at a much lower density compared with hot axle box detectors.)
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3.1.3 P-13: Wheel Load and Wheel Impact Load Detectors
Table 5 Identified Wheel Load and Wheel Load Impact Detector Suppliers

Device

Producer

Technical Summary

Development Status

Currently Installed Base

Estimated Market Share
and Main Competitors

Other Information

M.1

Producer M

Wheel impact load detector,
weighing in motion and bogie
performance detector.

Used in at least
Switzerland, Great Britain
and The Netherlands

N.1

Producer N

Device N.1 is a modular system for
identification of railway vehicles,
measurement of wheel profile,
diameter, back to back distance,
roundness and cracks.

The technology employed is
transponder technology for
identification, optical measurement
of wheel profile, diameter and back
to back distance, tactile
measurement of wheel roundness,
ultrasonic detection of surface
cracks.

Measurement passage speed is 3
to 15 km/h.

First introduced to market in
1990. Continuous
improvement of product — last
maodification in 2009/2010.
New model allowing for
measurement at higher
speeds will not be available
before 2013.

The system has approval in
one country

World wide: 23

EU: 12

The potential market size
is estimated to be below

500 systems world wide
(10-100 ME€).

Producer N estimates their
market share to be 70-80%
(not specifying geography),
being one of a few major
suppliers. Sales are above
20 M€ world wide, above
10 M€ in the EU.

The product has so far
only been used for
passenger traffic.

The most important
future markets are
considered to be EU,
USA, P.R. China,
Russia, and India.

E.3

Producer E

Wheel impact load detector.
No further information provided.

G.2

Producer G

Axle load measurement device.
No further information provided.

Producer G has replied
to our survey but nor
for these products.

H.4

Producer H

Wheel impact load and bogie
performance detector.

No further information provided.

0.3

Producer O

Wheel impact load detector.
No further information provided.
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Device Producer Technical Summary Development Status Currently Installed Base | Estimated Market Share Other Information
and Main Competitors
1.2 Producer | Measuring Y-forces New product not yet updated, New product Major future markets Can detect unbalanced
Measuring Q-forces although updates are in the considered to be European | loads and other
Analysing Y/Q and peak forces {Jrc:jcetsstoé bel_rllgdlmpllemented couPtErles with bor(}i\er_s to running defects
(caused by wheel flats) o detect derailed axles. east European or Asian
) . countries.
Measuring Y- and Q-forces is
achieved through a weighing
sleeper, in place of normal sleepers
in the track. Weighbeams based on
strain gauges.
1.3 Producer | Measuring Q-forces (wheel loads) Weighing sleeper updated Sales in excess of Considered by Producer | Can detect unbalanced
Analysing Q and peak forces 2008. Measuring electronics €10,000,000 to be one of a small number | loads and other
(caused by wheel flats) updated 2005. Updates are in of suppliers of devices of running defects
the process of being this type, with a 40%
implemented to detect derailed market share.
axles.
P.3 Producer P Wheel ovalisation measurement Responded to our
equipment. survey, but failed to
No further information provided. release any
information that would
enable a market
analysis to be
performed.
Q.1 Producer Q Wheel impact load detector.
No further information provided.
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Device Producer Technical Summary Development Status Currently Installed Base | Estimated Market Share Other Information
and Main Competitors

L.2 Producer L Detects and monitors each rail The product was introduced to | World wide: <50 Producer L does not The product is used
vehicle wheel for rolling wheel the market in 2007. EU: 0 provide any information on both for freight and
surface defects such as flats and Engineering design changes No specific geographies market share or position. passenger traffic.
spalls, together with out of ) have been made to brackets of installations are Sales of this product are in | Installation can be
roundness of the wheel and vehicle | and load bars — periodic indicated. the range 1-10 M€. made in track sections
weights and imbalances. enhancements are also made | p. qucer L estimate the Producer L specify that where vehicle speeds
Measurements from the system to the database. market size (no there are several wheel of 20 Kph to 250 Kph
provide a real time indicator for the Progressive upgrades are geography specified) at impact detector suppliers, are available.
wheel surface condition, dynamics | made to defect detection 500-5000 units (> 100 M€ | Without naming them. The system is capable
and weights. algorithms / software. in monetary terms). of being installed on
Auto generated alerts are able to Improved calibration networks that have
be issued following train passby procedures are under RFID tagged or
when a fault has been detected that | development to minimise untagged vehicles
may damage rail head or cause installation time. (although we presume
damage to switch points and frogs. other telematics
The device comprises an array of solutions may be
track-mounted sensors. Mounting available).
brackets incorporate
accelerometers and strain-gauged
“load bars” — the system measures
the wheel impact with the
accelerometers and derives a
vehicle weight from the load bars.
Outputs from the system are
processed: this provides a
centralised database for wheel
condition, vehicle weights (fore/aft
and left/right) and out of roundness.
The device issues alerts to the
operator when a pre set parameter
is exceeded.
In addition to the dynamic
measurement it also provides
trending functions for forward
maintenance planning.

K.3 Producer K Flat wheel detection system.
No further information provided.

The analysis of markets for this measure is complicated by the wide range of different solutions offered by many suppliers.

number of systems in this category are modular, whilst others fulfil single functions. What we can conclude is:
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e The estimated size of the existing market is less than for hot axle box detectors; fewer IMs indicated they use such systems. We
estimate the size of the existing market in the EU-27 countries plus the 3 candidate countries, plus Norway and Switzerland, to be
perhaps 1/10™ the market for hot axle box detectors, possibly 150.

o Other markets are known to be the USA, where 130 devices of this type are in operation [2].
e There no existing requirement for these devices in EU regulation.

We conclude this to be an existing market with many suppliers of systems offering different solutions to the same problem. Pricing levels
are likely to be stable, and unlikely to be influenced by EU regulation.
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3.1.4 P-15: Bogie Performance Monitoring / Bogie Lateral Instability Detection (Truck Hunting)

Table 6 Identified Bogie Performance Monitoring / Bogie Lateral Instability Detection Suppliers

the bogie performance defects and
flag critical conditions, based on

North & South Americas,
Australia and Asia

Device Producer Technical Summary Development Status Currently Installed Base | Estimated Market Share Other Information
and Main Competitors
M.1 Producer M See description of product under P- Used in at least See also Table 5.
13: Wheel load and wheel impact Switzerland, Great Britain
load detectors and The Netherlands
H.4 Producer H See description of product under P-
13: Wheel load and wheel impact
load detectors
0.2 Producer O Bogie performance monitor.
No further information provided.
R.1 Producer R Device R.1 identifies trucks in need | Introduced in 2000 Installed base not Producer R consider The product has been
of repair and that pose a higher risk | The system has been re- disclosed. themselves market leaders used for both
of derailment. engineered to a more modular | The majority of the of laser based Truck passenger and freight
Image data, captured by an electro- | architecture in 2005. systems are installed in Performance Monitoring — | traffic.
optic sensor, of passing wheel sets | An updated hardware platform | the USA. Other countries | Truck Hunting detection The most important
is processed by proprietary will be available in 2011. that have purchased the systems. future markets are
algorithms to extract the Angle of Approved for use in five system include Australia, The competing products considered to be: EU,
Attack and Tracking Position of countries Canada, China, India, and | are strain-gauge based Asia, Latin America.
each axle. ) Brazil. There are Truck Performance
Device R.1 also includes a truck EU SafeéY agency approvals currently no installations | Detectors (no suppliers
lateral instability (truck hunting) are pending. inthe EU. mentioned).
detector. No potential market size
There is also a web delivery has been indicated, but a
database product for viewing, single system of this type
analyzing and reporting collected is sufficient to cover a
data specific traffic route.
These systems are installed by the
side of straight tracks at a safe
distance from passing trains.
Trains should travel over this
device at a constant speed, no
slower than 20 km/h. Maximum
train speed is 300 km/h.
S.1 Producer S Uses Wheel Sensors to evaluate Currently installed in Responded to survey,

but did not release
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Our market assessment for truck hunting detectors is as follows:

o We estimate the size of the existing market in the EU-27 countries plus the 3 candidate countries, plus Norway and Switzerland, to be
very small at present, probably in single figures.

o Other markets exist in the USA who operate about 30 of these installations.
e There no existing requirement for these devices in EU regulation.

We conclude this to be a new and emerging market, dominated by a few suppliers. The potential market (in terms of potential device
population) is considered to be small because it is stated that only a small number of these systems are required.
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3.1.5 P-16: Wheel Profile Measurement System / Wheel Profile Monitoring Unit

Table 7 Wheel Profile Measurement System / Wheel Profile Monitoring Unit Suppliers

Device Producer Technical Summary Development Status Currently Installed Base | Estimated Market Share Other Information
and Main Competitors

T.1 Producer T Wheel measurement system.
No further information provided.

u.1l Producer U Wheel profile measurement Declined to be
system. involved in this project.
No further information provided.

V.1 Producer V Wheel profile measurement
system.
No further information provided.

w.1 Producer W Wheel profile measurement Unable to respond
system. within study
No further information provided. timescales.

1.4 Producer | Wheel Geometry Diagnostics Producer | has
Measuring and Optimising re_sponded qlthough_
No further information provided. did not pr_OVIde_detalls

for all their devices.

N.1 Producer N Device N.1is a modular system for | First introduced to market in World wide: 23 Producer N estimates their The product has so far
identification of railway vehicles, 1990. Continuous EU: 12 market share to be 70-80% | only been used for
measurement of wheel p_roflle, improvement of product — last The potential market size (nqt specifying geography), passenger traffic.
diameter, back to back distance, modification in 2009/2010. is estimated to be below being one of a few major The most important
roundness and cracks. . New model allowing for 500 systems world wide suppliers. Salgs are above future markets are
The technology employed is measurement at higher (10-100 M€). 20 M€ world wide, above considered to be EU,
transponder technology for speeds will not be available 10 M€ in the EU. USA, P.R. China,
identification, optical measurement | before 2013. Russia, and India.
of wheel profile, diameter and back | The system has approval in
to back distance, tactile one country
measurement of wheel roundness,
ultrasonic detection of surface
cracks.
Measurement passage speed is 3
to 15 km/h.

F.2 Producer F Wheel profile measurement system

and wheel surface defect
measurement system.

No further information provided.
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Device Producer Technical Summary Development Status Currently Installed Base | Estimated Market Share Other Information
and Main Competitors
G.3 Producer G The system provides wheel profile The product was introduced in | Worldwide: 11 Market share is unknown. The product is used
data for all required parameters. 2002. EU: 1 Sales around 3 ME. both for passenger and
Trending and level based alarms Itis constantly being refined to | |t is estimated that the Producer G consider freight traffic.
then alert the maintenance teams utilise advances in technology. | total market (geography themselves market leader Historically the market
tsokrectlﬁcanon measures can be The profile system is partof a | not indicated) will be in chosen markets. was Australia, future
axen. ) ) complete vehicle inspection below 500 units (10-100 Main competitors are not sales may be greater
The system is based on using system with wheel out of M€, including named. in Europe and Asia.
camera and laser technology to round technology under complementary work).
captures a true 3D profile of the development. Out of round
wheel surface. This includes the inspection should be available
back of flange and wheel rim by the end of 2011.
profile. All measured parameters Data delivery to the end user
are then calculated from this wheel is also critical and the data
pr_ofile. E.g. flange height, flange interface and data analysis
thickness, tread hollowness and tools are being constantly
back-to-back measurements. refined
g 'f QorThally |nst§_lll_?d tonbde_po:s,” 4 | The system is modular and
u thas _ecl_apa ll'lhy 0 te instafle can be supplied in individual
gn t'e th]ElIIIndlneH tehsys e”t' t'S . system components e.g.
estinstalled where the most rains |\ hae profile, or out of round.
pass frequently so that data the Additional components can be
maximum amount of data can be added at a later date
collected. This is often on wash '
roads for passenger stock
P.2 Producer P Wheel profile measurement Responded to our
system. survey, but failed to
No further information provided. release any
information that would
enable a market
analysis to be
performed.

The analysis of markets for this measure is as follows:

e The size of the existing market is difficult to estimate due to the varying technologies and different functions offered by such systems,
however we consider the market to be relatively small; few IMs/RUs indicated they use such systems. We estimate the size of market
in the EU-27 countries plus the 3 candidate countries, plus Norway and Switzerland, to be in double figures, but not significant.
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o Other markets are known to be the USA, who operate 10 devices of this type [2].
e There no existing requirement for these devices in EU regulation.

The market is relatively small, but represented by at least 8 suppliers offering different systems with systems of this type being in use for at
least 2 decades. Pricing levels are likely to be stable.
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3.1.6 P-17: Loading Gauge Infringement Detectors / Profile and Antenna Protruding Detection

Table 8 Loading Gauge Infringement Detectors / Profile and Antenna Protruding Detection Suppliers

an alarm if an item is out of gauge.
The system is for both height and
width loading gauge detection. It
also features a dragging equipment
detection system.

The system uses a series lasers to
detect out of gauge items. These
sensors are mounted to an existing
gantry or other suitable structure.
When a series of laser beams are
interrupted, the system analyses
the precise nature of the
interruption and determines if an
alarm should be raised. Where
required video images are also
supplied to identify the infringing
object(s). The system has a
complex set of algorithms and
utilising multiple beams paths
combined with pattern analyse to
ensure that false positives are
minimised.

Installation is normally on depot
departure road or on the main line if
appropriate.

One installation per sidings/depot
exit road only. Alternatively the
system could go on the main line to
reduce the number of systems

The system was updated in
2008 to operate and detect
20mm objects at vehicle
speeds up to 100 km/h.

Improvements though
evolution in technology only;
no plans to remove from
market.

The potential market size
is not known (has not yet
performed market
analysis).

Does not know competing
products.

Device Producer Technical Summary Development Status Currently Installed Base | Estimated Market Share Other Information
and Main Competitors
G4 Producer G The Out of Gauge Detection and The system was introduced in World wide: 6 Large market share in one The system is primarily
Dragging Equipment System raises | 2003. EU: 0 country (not EU). for freight, but also

employed in a limited
capacity for passenger
traffic.

European freight
railways are
considered an
important future
market.
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Device

Producer

Technical Summary

Development Status

Currently Installed Base

Estimated Market Share
and Main Competitors

Other Information

1.5

Producer |

Scans the entire contour of the train
and detects events such as foreign
matter or, e.g. slipped load and
alerts the operator early enough to
take the necessary action.

No further detail provided

New product

Producer | responded
although did not
provide details for all
their devices.

Our analysis of measures in this category has revealed a small number of suppliers of such systems. We are aware however that other
approaches exist to detecting out of gauge loads using measurement devices and bespoke engineered systems. We have classified this as
an existing measure, but if may be appropriate to consider moving this measure to short / medium term as the project evolves.
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3.1.7 M-1: Derailment Detector
Table 9 Derailment Detector Suppliers

Device Producer Technical Summary Development Status Currently Installed Base | Estimated Market Share Other Information
and Main Competitors
X.1 Producer X Derailment detector.
No further information provided.
B.3 Producer B The objective of the derailment The product was introduced in | Worldwide: ~2800 (1400 Producer B estimates their The product is used for

detector device (DDD) is to detect a
wagon derailment and then apply
brakes in order to bring the train to
a prompt stop, thus avoiding a
derailed wagon being dragged
along causing infrastructure
damage and a possible more
severe derailment.

The device detects vertical
acceleration above 9.0g+2.59g (a
level agreed with UIC). If the
trigger level is reached then an
automatic brake application is
applied. This is achieved by a
spring mass system which moves
vertically, and if the trigger level
reached an emergency valve is
released and a full train brake
application applied. (The DDD is
fitted to both ends of a wagon.)
When the unit is activated and air
flows out an external indicator is
visible to show which unit led to the
brake application.

After applying the brakes the unit
automatically resets in its not-
activated status, only the indicator
stays in the “activated” position.

1998.

Changes were made in 2006
to alter the trigger level and
also different oils and greases
were employed.

UIC approval and approval by
one NSA.

wagons)

This system is installed in

Switzerland, Slovenia,

Hungary and Romania

and small number in

Germany. Morocco has

installed 375 pairs. In

total about 1400 wagons

are equipped with this

system, mostly on tank

wagons.

The potential market size

is estimated as follows

(geography not given):

= RID2011 Application
scope — 17,000
wagons

= All dangerous goods
wagons — 100,000

= All freight wagons —
720,000

market share to > 90% and
consider themselves
market leader.

At least 3 alternative
systems were known to
Producer B.

Fixed, stationary devices
are a potential alternative
technology.

freight traffic only,
primarily tank wagons.
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Device Producer Technical Summary Development Status Currently Installed Base | Estimated Market Share Other Information

and Main Competitors

Y.l Producer Y Derailment detector. UIC approval June 2010

This device is attached to both
ends of a wagon and connected to
the brake pipe and applies brakes
on detecting vertical or horizontal
accelerations above set limits. The
device is self resetting, and
provides an indication of the
triggering of the device via an
external indicator ring.

There is a clear market leader in this technology, although new suppliers are entering the market. A large number of IMs and RUs indicated
they were interested in the wider spread of systems such as these.

e The size of the existing market is growing, and currently about 2,000 wagons are equipped world-wide. The potential future market size
is significant, and could extend in theory to every freight wagon operating in the EU-27 countries plus the 3 candidate countries, plus
Norway and Switzerland.

e The technology is not new, although the application to this purpose is novel. Prices of products are relatively cheap it is not considered
there is little room for further price reductions.

e There is no existing requirement for these devices in EU regulation, although this has been considered in previous studies, [6]. It is
noted however that a number of high-profile wagon owners and RUs are introducing these devices.
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3.2

Future Measures (short and medium term)

3.2.1 Rolling Stock Image Analysis / Machine Vision

Table 10 Image Analysis / Machine Vision Suppliers

and Automatic Image processing
assessing components to perform
condition assessment of rolling
stock

1998, and has since been
updated in 2002 — Second
Generation (higher speed)
2010 — Third Generation
(Speeds over 120 Km/Hr and
simplification of hardware and
wiring)

Australia and Asia

Device Producer Technical Summary Development Status Currently Installed Base | Estimated Market Share Other Information
and Main Competitors
D.3 Producer D The product’s primary function is to | The product was introduced in | Worldwide: 120 No response on market The product is used
detect the faults that may occur on 2005. EU: 0 share. Producer D primarily for freight
freight vehicles when they run past | |t was updated in 2008. considers themselves one traffic
the detgctlon site. The faults can be The product has been of a few major suppliers .
Eepara_tlonl of COUD'”T(, brakes approved by the safety The volume of sales for this
ecoming loose, cracked or authority of one country. product has been in the
breakage of bogie and brake range 1-10 M€,
assembly, etc.
The product is installed at
trackside. It employs hi-speed
cameras to grab images of the
vehicles and these images are sent
to the computer for processing,
comparing and analysis so any
fault on the vehicle can be
distinguished and detected.
S.2 Producer S Uses High Speed Image capture Initial product developed in North & South Americas, Provided no

information on market
share.

We are aware of no installations within the EU-27 countries plus the 3 candidate countries, plus Norway and Switzerland. Systems exist
outside of these countries however, as indicated above. It is possible that more suppliers of this technology exist, but have not currently
been identified.

Potential market share/size for these systems cannot accurately be predicted. However, the functions performed by such systems are
provided by other devices presently installed or other risk controls applied.

Further work in this area will be required should measures of this type show promise within Part B of this study.
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3.2.2 Anti-lock Devices
Table 11 Anti-lock Device Suppliers

of the wheels and associated wheel
damage during braking on railway
freight cars. In turn this may:
reduce maintenance costs of re-
profiling wheel sets; increase safety
with reduced risk of wheel cracking
or major tread damage that could
increase derailment risk; reduce
impact forces to track with the
wheelsets in better condition;
reduce noise generated with the
wheelsets in better condition.

The control system concepts are
similar to passenger WSP, but the
application to freight cars has 2
principle differences:-

» The absence of electrical power,
which is overcome by integrated
generators driven from the axle
ends

* Much less compressed air
available to control slide activity —
this is a particular constraint with
“single-pipe” braking used almost
exclusively within the EU where the
stored compressed air is not
replenished during braking. The
system has been optimised to
minimise compressed air usage
during operation.

themselves market leader

systems for freight wagons
that is a passenger car
WSP system with the
addition of a power
generator and battery
system. These generally
are more expensive to
manufacture, more complex
to install and require more
maintenance.

Device Producer Technical Summary Development Status Currently Installed Base | Estimated Market Share Other Information
and Main Competitors
B.4 Producer B This system acts to reduce locking Currently under trial Producer B consider Other suppliers offer Sliding wheel detectors

may offer an
alternative to this
technology

Our analysis of measures in this category has revealed one supplier of such systems. The potential market size is similar to the derailment
detector devices, reported in Section 3.1.7. Further work in this area will be required should measures of this type show promise within Part

B of this study.
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3.2.3 Sliding Wheel Detector Device
Table 12 Sliding Wheel Detector Suppliers

a mechanical device that compares
wheel rotation rates between wheel
sets.

The system is normally installed in
depots and sidings on departure
roads. It detects faulty trains
passing at speeds up to 30 km/h.
One installation per departure road
in depots or sidings where freight
wagons are loaded or stabled.

2003.

The system has been updated
to utilise SMS-based alarming
and reporting of sliding
wheels.

Higher speed system under
development.

EU: 0

share in existing markets.
Expect to become market
leaders in Europe, but
market would be relatively
small.

Competing “product” is
manual inspection.

Device Producer Technical Summary Development Status Currently Installed Base | Estimated Market Share Other Information
and Main Competitors
G.5 Producer G The sliding wheel detector device is | The product was introduced in | Worldwide: not specified. Has not specified market

The system is primarily
used for freight traffic.
Europe is a potential
future market

Our analysis of measures in this category has revealed one supplier of such systems.

It is likely that deployment of such devices would be

limited to exits from freight loading bays / routes such that defective braking could be identified prior to entering service which will define the

potential market share.

Further work in this area will be required should measures of this type show promise within Part B of this study.
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4.0 Conclusions and Way Ahead

Within this report we have provided statements concerning existing and estimated market
share, and other information required during Part B.

DNV has made direct contact with most suppliers identified above, and some responses had
been promised, but not received. We will continue to address this during and in advance of
Part B.

Notwithstanding this shortcoming we feel that in most cases further supplier responses will not
add a great deal of important detail. For example, although we have a small number of
responses for hot axle box detectors it is possible to conclude from the data that is available
many parameters concerning market conditions.
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Assessment of existing technical and operational measures
against freight train derailments in the Community’s
railways

DNV study for the European Railway Agency
Introduction and Common Questions

The purpose of the project

Det Norske Veritas is carrying out a study on behalf of the European Railway Agency to
identify, describe, analyse and assess the most efficient options for existing or new safety
measures (technical, operational or organisational) contributing to preventing or mitigating
freight derailments in the Community’s railways. A semi-quantitative assessment of the
measures’ efficiency (cost/benefit) shall be carried out and the impact of the measure on the
fault/event tree shall be identified. The study was started in mid 2010 and will complete by
June 2011.

The purpose of the questionnaire

The purpose of this questionnaire is to collect information on technical measures from the
industry, primarily suppliers/manufacturers of such devices and systems. By technical
measures we mean: “Technical devices to prevent or mitigate derailment or system monitoring
the state of the railway system (rolling stock / infrastructure) to allow detection of derailment or
early detection of hazardous conditions that may lead to derailment, and which upon detection
takes appropriate action (recording, alarm, emergency brake).” This includes, but is not
limited to, measures such as:

o Hot axle box/bearing detector (HABD)

e Acoustic bearing defect detectors

e Hot wheel and hot brake detectors

o Wheel load detectors & Wheel impact load detectors

o Derailment or dragging object detectors

e Truck lateral instability detection (truck hunting) / Truck performance detectors
o Wheel profile measurement system / Wheel profile monitoring unit

e Loading gauge infringement detectors (High car detector / Wide-load detector)

Confidentiality

The information provided will be used solely for the purposes of this study. The information
may be shared with ERA but will not be disclosed to any other organization. DNV's analysis of
the information provided by respondents may be published by ERA, but individual responses
will not be published. Respondent’s names will be kept confidential and will not be published
or disclosed to any other organisation. Respondents have the right at a later date to change
the answers they provide. The information will be stored and processed securely by DNV in
compliance with the Data Protection Act laws of the United Kingdom and the European Union.
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Interviewee
No Question Response
1-1 Name of organisation/company

1-2 Name of interviewee
1-3 What is your role in the organisation?
1-4 Contact details of interviewee

EXTERNAL Final A2 Report 12 04

Reference to part of this report which may lead to misinterpretation is not permissible

MANAGING RISK [2107




12 April 2011
Freight Train Derailment: Markets Rev 02 Appendix | Page 4
European Railway Agency DNV

Identification of organisation and products

No | Question Response Guidance/notes

2-1 | What kind of products does Some examples are provided
your company produce which above (hot axle box detector etc).
can contribute to reducing the
probability or consequence of For each product we are asking
derailment? that you complete a separate

product specific form which has
also been sent to you

2-2 | Has your company marketed Please identify specific product
similar products in the past names/identifiers if possible
which are no longer produced
or marketed?

2-3 | Do you manufacture all of
these products yourself or are
you a reseller for some of
them?

Please see separate questionnaire for product specific questions.

o
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Future developments

developments with respect to
technical measures for
preventing/mitigating
derailment?

No | Question Response Guidance/notes
6-1 | What other types of technical
measures are you currently
developing?
6-2 | When will these be available in
the market place?
6-3 | Are you aware of other future Ongoing research in

companies/research
institutions/universities?
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Assessment of existing technical and operational measures
against freight train derailments in the Community’s
railways

DNV study for the European Railway Agency
Product Specific Questions

The purpose of the project

Det Norske Veritas is carrying out a study on behalf of the European Railway Agency to
identify, describe, analyse and assess the most efficient options for existing or new safety
measures (technical, operational or organisational) contributing to preventing or mitigating
freight derailments in the Community’s railways. A semi-quantitative assessment of the
measures’ efficiency (cost/benefit) shall be carried out and the impact of the measure on the
fault/event tree shall be identified. The study was started in mid 2010 and will complete by
June 2011.

The purpose of the questionnaire

The purpose of this questionnaire is to collect information on technical measures from the
industry, primarily suppliers/manufacturers of such devices and systems. By technical
measures we mean: “Technical devices to prevent or mitigate derailment or system monitoring
the state of the railway system (rolling stock / infrastructure) to allow detection of derailment or
early detection of hazardous conditions that may lead to derailment, and which upon detection
takes appropriate action (recording, alarm, emergency brake).” This includes, but is not
limited to, measures such as:

o Hot axle box/bearing detector (HABD)

e Acoustic bearing defect detectors

e Hot wheel and hot brake detectors

o Wheel load detectors & Wheel impact load detectors

o Derailment or dragging object detectors

e Truck lateral instability detection (truck hunting) / Truck performance detectors
o Wheel profile measurement system / Wheel profile monitoring unit

e Loading gauge infringement detectors (High car detector / Wide-load detector)

Confidentiality

The information provided will be used solely for the purposes of this study. The information
may be shared with ERA but will not be disclosed to any other organization. DNV's analysis of
the information provided by respondents may be published by ERA, but individual responses
will not be published. Respondent’s names will be kept confidential and will not be published
or disclosed to any other organisation. Respondents have the right at a later date to change
the answers they provide. The information will be stored and processed securely by DNV in
compliance with the Data Protection Act laws of the United Kingdom and the European Union.
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Product: <Please state the name/identification of the product here and fill in one of these questionnaires per product (preferably
with one file per product, renaming the file to the product name)>

Market

No Question Response Guidance/notes
3-1 What is the primary function of
the product?

3-2 How does the product work?
Where is it installed?
What technology is employed?

3-3 Is the product employed
primarily for passenger traffic,
primarily for freight traffic or
both?

3-4 When was this product
introduced to the market for the
first time?

3-5 Has the product since been

updated? If yes, what are the
major changes introduced and
when were these introduced?

o

EXTERNAL Final A2 Report 12 04 MANAGING RISK

Reference to part of this report which may lead to misinterpretation is not permissible




12 April 2011

Freight Train Derailment: Markets Rev 02 Appendix | Page 8
European Railway Agency DNV
No Question Response Guidance/notes

3-6 Are you working on further
developing this product?

If yes, when is the new
generation/version likely to be
available in the market?
What will the major
improvements/changes be?

If no, when is it likely to be
withdrawn from the market?

3-7 How many items of this product Please provide specific
have you sold world wide/in the information on what the
EU throughout its lifetime? numbers cover (years,
countries). Number of items
What has the total volume of may also be specified in
sales been in monetary terms categories:
(world wide/EU)? e Below 50
e 50-500
e Above 500

Volume of sales may also be
specified in categories:

e Below 1.000.000 €

e 1.000.000 - 10.000.000 €
e Above 10.000.000 €

Please state currency units.

3-8 Which countries constitute the
most important markets for this
product?

o

EXTERNAL Final A2 Report 12 04 MANAGING RISK

Reference to part of this report which may lead to misinterpretation is not permissible



12 April 2011
Freight Train Derailment: Markets Rev 02
European Railway Agency

Appendix | Page 9
DNV

No Question Response Guidance/notes
3-9 What do you think is the Number of items may also be
potential market size for this specified in categories (NOTE
product (world wide/EU) in THAT THESE ARE
number of units if the product DIFFERENT FROM ABOVE):
were to be adopted on a more e Below 500
wide spread basis? e 500-5000
e Above 5000
What do you think is the
potential market size for this Volume of sales may also be
product (world wide/EU) in specified in categories (NOTE
monetary terms if the product THAT THESE ARE
were to be adopted on a more DIFFERENT FROM ABOVE):
wide spread basis? « Below 10.000.000 €
e 10.000.000 - 100.000.000
€
e Above 100.000.000 €
3-10 | What do you think will be the
most important market
geographies in the future?
3-11 | What are the main competing Competing products may also
products to this product? include substitutes, i.e.
products based on other
technologies or with other
functions, but serving the same
purpose.
3-12 | What is your market share (in %)
for this type of product world
wide / in EU?
3-13 | How do you assess your market Market leader, one of a few

position compared to the
competition?

major suppliers, one of many
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Costs

and benefits

No

Question

Question/response guidance

Guidance/notes

4-1

What is the indicative price
of a single product?

What is the effort required to
install a product (hours of
work)?

Prices should be exclusive of
VAT. If indicative price is not
available, the following
categories may be used
instead:

e Below 5.000 €

e 5.000-10.000 €

e 10.000-50.000 €

e More than 50.000 €

4-2

Does the product require
any regular maintenance
activities?

What is the effort associated
with these activities (hours
of work/year)?

When it fails, is the whole
unit replaced, or can a lower
level repair be made?

What is the effort on
average associated with
such repairs (hours of
work/year)?

Are there any specific
disposal requirements with
cost implications?

4-3

What are the assumptions
of the costs given above?
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No

Question

Question/response guidance

Guidance/notes

4-4

How should the product be
deployed to maximise its
benefits?

Where should it be
installed?

How densely should it be
installed?

What operational aspects
need to be considered in
order to reap the benefits of
the product?
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RAMS aspects

No

Question

Response

5-1

What is the estimated lifetime of the product?

5-2

What is the estimated Mean Time Between
Failure or other reliability measure of the
product?

What is the estimated Mean Time To Repair or
other maintenance measure of the product?

How will failures of the product be detected?
Will all failures of the product be detected? If
not, are these failure modes dangerous?

What is the estimated rate of False Alarms of
the product?

Do you have a system for collecting
reliability/availability statistics from actual
installations?

What is the in-service reliability performance of
this equipment?

5-7

What is the actual measured Mean Time
Between Failure or other reliability measure of
the product?

What is the actual measured Mean Time To
Repair or other maintenance measure of the
product?

What is the actual measured rate of false
alarms?

5-10

Has the product been approved by relevant
safety authorities?

Which safety authorities?

What is the geographical scope of the
approval?
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0.0 Executive Summary
0.1  Study Scope and Objectives

Det Norske Veritas (DNV) is completing a study on behalf of the European Railway Agency
(the Agency), the objective of which is twofold:

1. Part A has the objective of identifying all prevention and mitigation measures that exist
today or could be implemented within the short term (before 1st of January 2013) or
medium term (ready to be applied or to be introduced in EU regulation within 5 to 10
years). For these measures, Part A work is also required to assess the market status for
technical measures (defined as devices or systems) and establish objective performance
data for the identified measures. The work in Part A also extends to identifying, as far as is
possible, potential long term measures (not expected to be ready to implement within 10
years) as an input to other research projects currently underway.

2. Part B has the objective of analysing the measures identified in Part A with a view to
establishing those that show the most promise from a risk reduction viewpoint. Part B
addresses such measures which are available at the short and medium terms.

The geographical scope for this work is the EU-27 countries plus the 3 candidate countries,
Norway and Switzerland. In addition, the USA and Japan are considered in the scope of safety
measure identification, but limited to the most commonly used safety measures and to the
foreseeable innovations at medium term.

This report concerns the Part A remit associated with the identification of performance and
function of the measures identified. Other work in Part A deals with the other scope
requirements, and is separately reported. It should be noted that this report is factual in nature
and does not seek to make any assessment regarding performance or effectiveness of the
identified measures - all measures reported here are to be taken forward for consideration on
Part B.

0.2  Methodology and Study Results

The establishment of the information and data required for this report was largely assembled
through the consultation exercises reported for our tasks Al [2] and A2 [3], together with
subsequent questions and answers with respondents to gather addition detail. In particular:

1. We consulted with infrastructure managers (IMs) or railway undertakings (RUs) to
establish:

e The types of measures (technical, operational, organisational or human) they currently
use to either reduce the frequency or mitigate the consequences of freight train
derailments.

e The effectiveness of these measures.
e Their plans for introducing additional measures in the short term and beyond.

o Where an IM or RU had indicated the use of a technical measure, we asked them in a
subsequent round of communication for their experience of the reliability performance
and effectiveness of these measures.

2. Having established, from the consultation above (and further research as reported in [3]), a
full list of existing and potential future measures, we embarked on a further round of
consultation. This further consultation was limited to suppliers of technical measures, for

which we sought information on, but not limited to:
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o The reliability, availability and maintainability (RAM) performance for their technical
measures.

o False alarm rates and failure mode information.

e The way in which these technical measures may influence the risk of freight train
derailment.

e Cost and life cycle questions, such as special disposal requirements, the requirement
for preventative maintenance etc.

o Finally, we asked suppliers for their views of how technology might evolve and new
products that may be available in the future.

The study identified 47 existing preventive measures, and 13 further measures that primarily
are concerned with the reduction of consequences following a freight train derailment. A
further 9 measures were identified with potential medium term benefits.

The majority of technical measures are supported by costs and performance claims, from the
supplier. In some cases these are supported by in-service data. In general however we have
to report that end users of these technical systems do not keep their own records of
performance; this issue will be addressed in Part B through the use of sensitivity analysis and
conservative assumptions within the modelling methodology.

Some other measures do not lend themselves to traditional RAM analysis — human,
organisational and operational measures in particular. This is addressed in the body of this
report, with strategies for the collection of these data identified for each measure. In general
however, these outstanding data issues will be addressed in Part B using a combination of
human error prediction methods, conservative assumptions and sensitivity analysis, and also
through the use of accident statistics to indicate the potential benefit that may be gained
against certain derailment accident causes.

0.3  Conclusions and Next Steps

This work reported here has established performance and function (in preventing freight train
derailment) for the measures identified. However future work (Part B) will supplement, if
required, the information provided in this document and add any new information that is
advised to the project team.

The next project step will take this information forward into Part B where it will be used to
provide input to task of assessing the effectiveness of these measures (and other non technical
measures) in terms of freight train derailment risk reduction, in accordance with the Part B
study objectives.

HES
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1.0 Introduction
1.1 Background

This document is prepared against the requirements of the European Railway Agency’s (ERA)
study "Assessment of existing technical and operational measures against freight train
derailments in the Community’s railways”, [1]. The task description for the work reported in this
document is as follows:

The task A.3 will describe each technical and operational measures in generic
functional terms associated with the description of both intrinsic performance level and
actual performance (for example, based on RAMS analysis for technical measures) as
well as relevant life cycle costs (investment, operation, maintenance, repair,
refurbishment, dismantling...). The description shall contain the necessary and sufficient
level of details compatible with the part B of the study (development of scenario tree,
semi-quantitative assessment of efficiency) and also with the necessary inputs for
detailed impact assessments carried out by the Agency.

Concerning the ‘technical’ measures, the related devices/systems will be described with
the help of information provided by the designer(s), manufacturer(s), and/or, supplier(s)
about the expected performances and by users for the actual performances.

In addition to this task report, the following additional reports are relevant and are referred to as
appropriate:
e TaskAl, [2]. This document provides information about existing safety measures that are

applied in the railway system to reduce the likelihood or mitigate the consequences of
derailments, and more specifically freight train derailments.

e Task A2, [3]. This document provides a market analysis of technical measures that exist,
or may exist in the short or medium terms.

1.2  Definitions
The following definitions are used within this document:

o Existing safety measures means currently applied for implementing a given regulation
requirement, or applied on a voluntary basis, [1].

o Short term (safety) measure means that the safety measure is ready to be applied or to be
introduced in EU regulation by 1st of January 2013, [1].

e Medium term (safety) measure means that the safety measure will be ready to be applied
or to be introduced in EU regulation within 5 to 10 years, [1].

e A technical (safety) measure is defined as being a device or a specific technical system,
[1].

Safety measures discussed within this document include:

e Human measures, defined as: Measures to improve the individual's capability to perform
his/her duties in a correct and safe manner. This includes competence, knowledge,
decision support information systems for the persons that have the responsibility to carry
out a certain task.

¢ Organisational measures, defined as: Measures pertaining to the management of the
organisation, including staff training, safety management system, operational planning,
human resource management, handling of requirements related to independence, roles
and responsibilities etc.

HES
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e Operational measures, defined as: Measures in this category include operating instructions
or operational rules that are in place in part to reduce the risk of freight train derailments.
Examples might include speed restrictions, rule book actions etc.

e Technical measures, defined as: Measures that are based on a device of particular
technical system.

Finally, the main work for this task is listed in Section 3.0. The following terms and definitions
apply:

e RAM/Effectiveness Assessment. This is the reliability, availability and maintainability
(RAM) prediction allocated to the measure. The effectiveness assessment gives an
indication of the benefit that measure may have in derailment risk reduction when the
measure is in operation.

o Predicted / Observed. The predicted RAM/effectiveness is normally that provided to us
with a supplier, whilst the observed assessment is that provided to us by an operator or
equipment owner.

e Cost Information: Purchase/Life Cycle. The former represents the acquisition (or
introduction) costs for the measure, whilst the later represents the on-going maintenance
cost for that measure.

The objective of this report is to reliability and cost performance characteristics for existing
measures currently in place for the reduction of freight train derailment safety risk, and, as far
as can be established, for potential future measures. This report does not however seek to
make any assessment regarding the cost effectiveness of these measures in terms of
derailment risk reduction.

The work reported here will be taken forward to a further project stage (Part B) that will seek to
identify the most promising measures from those identified here. The future work (Part B)
referred to will supplement, if required, the list of measures discussed in this document and
add any new measures that are made advised to the project team.

All identified measures will be considered in Part B.
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2.0 Methodology
2.1  Time-bound Classification of Measures

In our report, [2], we considered the classification of existing measures into category types.
We did not in that report have a need to allocate measures into their time-bound categories
(short, medium term etc). The task of addressing the time-bound classification of measures is
considered here.

It needs to be stated that it is not within the remit of the Part A tasks to make speculative
assumptions about what might become useful measures in the future (this task will be
performed during Part B). To avoid such unnecessary speculation we have limited our
attention to measures that have been advised to us during our consultation (see Section 2.2
below). With the benefit of a risk model, Part B will provide a better opportunity to identify other
potential future measures.

Subject to these limitations, we have applied the following rules:

e A technical measure is (potentially) short tem if it is in development/developed and
currently has approval or is in the approval process within the EU-27 countries plus the 3
candidate countries, plus Norway and Switzerland. Any other technical measure is
classified as medium term since testing and approval processes will dictate a longer
timeframe (measures in the medium term category are normally those applied in the USA
or other countries).

e Potential new human, organisational or operational measures are normally classified as
short term, unless they require supporting technology or information systems.

2.2  Data Acquisition

Data for this report has primarily been collected through interviews and questionnaires,
although literate reviews have also been used. The consultation methodology and scope has
been reported in our other reports, [2] and [3] and is not repeated in detail, although in
summary:

3. We consulted with infrastructure managers (IMs) or railway undertakings (RUs) to
establish:

o The types of measures (technical, operational, organisational or human) they currently
use to either reduce the frequency or mitigate the consequences of freight train
derailments.

e The effectiveness of these measures.
e Their plans for introducing additional measures in the short term and beyond.

e Where an IM or RU had indicated the use of a technical measure, we asked them in a
subsequent round of communication for their experience of the reliability performance
and effectiveness of these measures.

4. Having established, from the consultation above (and further research as reported in [3]), a
full list of existing and potential future measures, we embarked on a further round of
consultation. This further consultation was limited to suppliers of technical measures, for
which we sought information on, but not limited to:

e The reliability, availability and maintainability (RAM) performance for their technical
measures.

o [False alarm rates and failure mode information.
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e The way in which these technical measures may influence the risk of freight train
derailment.

e Cost and life cycle questions, such as special disposal requirements, the requirement
for preventative maintenance etc.

o Finally, we asked suppliers for their views of how technology might evolve and new
products that may be available in the future.

2.3  Discussion of Challenges Related to the Data Collection Process
2.3.1 Existing Measures

Except in a small number of cases, IMs and RUs were only able to provide subjective views for
the performance/effectiveness of the existing measures they use. Common responses were
that the measure was “effective”, or that the derailment rate had “significantly reduced” since
introducing the measure.

There is a further very important consideration. The accident review performed and discussed
in [2] identified a number of cases where hot axle box alarms (for example) had been raised,
but the freight train was allowed to proceed, leading to derailment. This of course is an
important finding as the application of a measure cannot be assumed to be as effective as it
could be unless accompanied by other systems. In the following tabular presentations we
have added appropriate information to identify where these factors and comments apply.

2.3.2 Short and Medium Term Measures

By definition, short and medium term measures do not exist in the EU-27 countries plus the 3
candidate countries, plus Norway and Switzerland. This of course makes the collection of data
more difficult as there is little/no local operating knowledge of them.

To address this, and where possible, the consultation process has sought to identify responses
from the country of origin of the measure so that at least some information can be gathered.
2.3.3 Addressing Data Shortcomings

In common with most risk assessments, it is not always possible to identify quantitative figures
that neatly represent the performance of a particular measure. We discuss this issue towards
the end of our report, in Section 6.0.
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3.0
3.1

List of Measures and Functions

Performance Assessment for Existing Measures

The list of measures provided below is extracted from our Al report, [2] where further information can be obtained if required.

In the tables that follow, we recognise that some of the measures have a direct role as a derailment preventative or consequence reduction
measure, whilst some have an indirect role to play. Examples of the former would be hot axle box detectors, whilst examples of the latter would be
track and flange lubrication. In the tables that follow, these are identified as either (D) direct, or (I) indirect.

Table 1 Existing Infrastructure Preventive Measures

Type of P# Measures Description and Function
measure
Technical P-1 Installation of check rails in Check rails are installed to guide the wheels in rigid crossings and point crossings. Check rails may also be installed in sharp curves to
infrastructure (D) sharp curves prevent derailments as it will hinder flange climbing on outer rail in sharp curves. (Check rails can also be a cause of derailment in some
circumstances, in particular with an excessive track width, so check rails require tight control of the track width.)
p-2 Installation of track and flange Lubrication of the flange and track contact point is an important measure to reduce the friction between rail and wheel flange and hence
) lubrication reduce the risk of derailment in difficult track geometries, i.e. in narrow curves or track sections with high cant and/or high twist. Normally
the lubrication is obtained by lubrication of the wheel flange of traction units. For track sections where this is not deemed sufficient, for
instance in deviated routes at turnouts, trackside flange or track lubrication points can be installed to provide the necessary lubrication.
Lubrication can also be provided by special track lubrication train runs at regular intervals or under dry weather or hot temperature
conditions.
P-3 Installation of rock scree and On track sections with high risk of rock screes and avalanches structural track protection measures are often installed to stop or deflect
) avalanche protection structures | rock screes and avalanches. Structural protection measures can be applied in combination with detection installations and operational
measures and restrictions. Various measures are used in exposed countries including protection, detection, and artificial release at
convenient times, speed reductions. The selected measures are tailor made for the local topography and hazards and this is not a generic
measure that might have a universal application. (Note derailment is a secondary consequence and collision the primary consequence.)
P-4 Installation of rock scree and At line sections with a high risk of rock screes and avalanches and where structural protection is deemed too costly or not considered
0] avalanche detectors sufficient rock scree and avalanche detectors are installed. They can be in the form of detecting fences which will detect loads falling down
on them from higher levels or as acoustic detectors detecting the noise associated with such phenomena. The last type can cover larger
areas but are not as selective as a fence along the line. The measure is often combined with structural protection measures or operational
restriction measures. (Note derailment is a secondary consequence and collision the primary consequence.)
P-5 Installation of obstacle High speed collisions with heavy road vehicles are likely to cause derailment, but in such situations the derailment is a follow on
(0} detectors consequence of another accident that may have severe consequences by itself. The purpose of obstacle detectors is to discover obstacles
on the track that could be a safety critical hindrance to the train. Obstacle detectors are installed at level crossings to detect if cars are
standing blocking the tracks at the crossing or at other locations where the track can be blocked by foreign objects. Typical application of
obstacle detectors are at barrier protected level crossings. (Note derailment is a secondary consequence and collision the primary
consequence.)
P-6 Use of ground penetration Ground penetration radars are used to survey conditions of trackbed superstructure with regard to quality and water content. This is mainly
(D radars (Geo radars) used through ad hoc baseline runs to provide information for planning of maintenance and renewal, but permanent installations can also be
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Type of
measure

P#

Measures

Description and Function

considered in places where the railway is located on unstable ground that is considered exposed to high water level in substructure,
subsidence or landslides. Certain types of ground instability detectors can be installed which will detect high water levels subsidence and
landslides outside of acceptable limits.

P-7
(D

Rolling stock mounted
equipment for monitoring of rail
profile conditions.

Suppliers are marketing rail profile measurement systems that can be mounted on commercial rolling stock and used for continuous
supervision of track geometry and measurement of rail wear. This technology incorporates the latest laser and video camera technology to
provide accurate and immediate report on the profile and wear condition of the rail whilst travelling at track speeds.

Infrastructure;
Control
Command
and Signalling

P-8
0]

Track circuit as part of
signalling system may detect
rail ruptures

Track circuits are applied in the signalling system of most IMs. Track circuits will detect some type of rail ruptures and prevent signals to be
set for a track section with a ruptured rail and hence prevent derailments. However, supervision for rail ruptures is not the main purpose of
the track circuit and there are several types of rail ruptures the track circuits cannot detect. Track circuit systems for detection of track
occupation are to an increasing degree being replaced by axle counters by many IMs. Axle counters are not able to detect track ruptures.
Track circuits as a derailment prevention measure will not be analysed further as its purpose of installation is different than derailment
protection.

)

Interlocking of points operation
while track is occupied

Points at main lines and at main tracks at stations are normally interlocked to prevent operation of the point while the point section of track
is occupied by rolling stock. This is not fully implemented at shunting yards even at tracks being used for train movements. Hence a number
of derailments occur due to points being operated while occupied by a train. This action very often causes derailment. An existing measure
is interlocking of remote controlled points to include track at shunting yards used for train movements in such a way that the switch cannot
be moved while the switched is occupied by rolling stock.

Trackside
rolling stock
supervision

P-10
)

Installation of hot axle box (hot
bearing) detectors

High temperature in the axle box or the bearing of an axle may be a sign of a mechanical structural defect under development. This can be
in the form of high friction in the bearing or a developing rupture in the axle journal. By monitoring the temperature of axle boxes, a failure
state of the bearing may be detected and an alarm raised either to the train driver or to the train control centre. Hot axle box detectors for
freight trains are normally located along the track monitoring the temperature of axle box of all passing trains. Axle box monitoring devices
can also be located on the vehicle, continuously monitoring the temperature of the axle boxes, but this is normally not applied on freight
trains as the individual freight wagon does not have any electricity to power such monitoring equipment. Wayside detectors usually consist
of one or more thermal sensors continuously measuring infrared radiation, and should be capable of detecting both normal temperature and
high temperature axle boxes

Trackside
installations to
supervise
rolling stock

P-11
@)

Installation of acoustic bearing
monitoring equipment

Acoustic bearing detectors are, like hot axle box/bearing detectors, used to detect developing mechanical structural defects associated with
wheel bearings. It is, however, not based on temperature measurement, but on the analysis of the sound as wheel sets pass by. The
major advantage over hot axle box detectors is that acoustic bearing detectors are able to detect developing defects much earlier as such
defects will result in increased noise. Acoustic bearing detectors are placed wayside and consist of a microphone array and a system unit
which analyses the sound and raises an alarm if dangerous defects are detected. Used in combination with vehicle identification systems,
the system may also be used to store information on individual vehicles and wheel sets in a central database, allowing for trend analysis
and preventive maintenance.

P-12
@)

Installation of hot wheel and
hot brake detectors

Braking can increase the temperature of the wheels and brake pads. In particular this can be a problem with brakes that have not released
and continuously apply braking action. The rise of temperature may itself be a problem if it leads to structural changes in the wheel
material. If the wheel comes completely stuck it may skid along the rail resulting in wheel flats etc. Hot wheel detectors are positioned
wayside and use the same technology as hot axle box/bearing detectors, i.e. thermal sensors measuring the temperature of passing
wheels. Used in combination with axle counting devices or vehicle identification systems, the system is able to identify the vehicle and
wheel of any higher than normal temperatures and raise an alarm.

Cold wheels may in some situations (e.g. if positioned at the bottom of a downward slope) indicate that brakes have not been applied
where they should have been, i.e. that brakes are defective or working poorly.

P-13

Installation of wheel load and

Several different types of wheel load detectors exist. They are installed at various locations in many countries. Wheel load and wheel

EXTERNAL Final A3 Report 12 04
Reference to part of this report which may lead to misinterpretation is not permissible

MANAGING RISK 1531



12 April 2011
Freight Train Derailment: Functional and Performance Assessment Rev 02

European Railway Agency

Page 7
DNV

Type of
measure

P#

Measures

Description and Function

)

wheel impact load detectors

impact load detectors can be used to detect a range of different faults with a wagon or its loading:

o By measuring the wheel loads of an axle it can detect overloading of the wheels and axles or skew loading of the wagon either due to
a wrongly applied load in longitudinal or transversal direction, a shifted load or due to a wagon or bogie frame twist, suspension or
spring failure.

o  Wheel load detectors can also detect wheel failures in terms of general out of roundness or more specifically wheel flats and wheel
tread damage due to shelling and spalling. As the wheel moves around this causes wheel impact load on the rail, which again cause
damage to rails (including rail breaks) or increase the temperature of bearings and lead to hot a hot axle box.

Wheel load detectors are wayside detectors measuring the size and variations of the load of wheels as they pass by. Several different

technologies are employed depending on the various faults to be detected. Some use strain gauges, others analyse sound or measure the

deflection of rails between sleepers as trains pass using optical sensors. Accelerometers can also be used. If the situation is severe an
alarm is raised and the train has to be stopped to check the wagon(s) that have triggered the wheel load detector alarm, or the train speed
may be adjusted. Used in combination with vehicle identification systems, the train operator and/or wagon owner may receive a message
about the out-of-limit characteristics in order for rectifying actions to be implemented prior to further operation of the wagon.

Wheel load detectors can be combined with hot axle box detectors, but are often installed in departure tracks from train formation yards, or

in main tracks immediately after train formation yards in order to detect the situation as soon as possible. Faults can also occur along the

route. In general there are fewer trackside wheel load detectors than hot axle box detectors.

P-14
D)

Installation of dragging object
and derailment detectors

Derailment and dragging object detectors can be installed to identify if a train has a derailed axle, or equipment that has come loose from a
wagon and being dragged along the track between the rails. Such detectors may be installed in front of large stations or structures where
the situation may cause major damage. Early dragging equipment detectors were of the "brittle bar" type. Fixed elements between and
beside the rails would break when struck by foreign objects. Their breakage would interrupt an electric circuit that formed part of the
reporting system, and the train would be stopped and inspected. The introduction of "self-restoring" dragging equipment detectors, which
are hinged and sprung so they return to position after impact, have reduced maintenance requirements for such installations. The
derailment and dragging object detectors will also detect derailments and are also included as a mitigating measure.

P-15
@)

Bogie performance
monitoring/Bogie lateral in-
stability detection (bogie
hunting).

This wayside defect detection system is capable of detecting and identifying train bogies that exhibit poor performance. This system
monitors safety performance in several regimes such as: potential of flange climb derailment, gauge spreading, and rail over. This state-of
the-art system has the capability to benchmark bogie performance on a fleet-wide basis.

P-16
@)

Wheel profile measurement
system / Wheel profile
monitoring unit.

Damage to the wheel profile may be a contributing cause to derailments. Whereas wheel impact load detectors can detect some wheel
profile problems, wheel profile measurement systems provide a more complete picture. They are also based on other technology: analysis
of wayside digital camera images highlighting the profile using lasers or strobe light. A number of wheel profile parameters are captured,
e.g. flange height, flange width, flange slope, tread hollow and rim thickness. Some measurement systems can operate with trains passing
at high speeds (e.g. up to 140 km/h).

P-17
0]

Installation of loading gauge
infringement detectors/ profile-
and antenna protruding
detection.

These are detector installations that can detect wagon structures or loads and objects protruding from the wagon that are to high or wide for
the allowable loading profile of the line in question. Derailments or other accidents can be caused by loads protruding outside of the allowed
loading gauge, and detectors can be applied to detect such situations. The situation can occur due to shifting loads or by loading the car
with an object that exceeds the allowable loading gauge for the line in question. Shifting load situations can normally also be detected by
wheel load detectors. Increasing volume of transport of autocars and HGVs by rail has caused interest in controlling the antenna height of
cars, but more due to fire risk in tunnels than due to derailment risk. Loading gauge infringement detectors are most likely to be installed in
front of track sections with reduced loading profile (e.g. tunnels) or in front of bridges with overhead bearing structure. (Note derailment is a
secondary consequence and collision the primary consequence.)

Infrastructure
Operational/

P-18
0]

Make sure available
maintenance resources are

If the available resources are not sufficient to maintain lines and tracks at stations according to minimum safety requirements it is from a
derailment and safety viewpoint better to close the lines or tracks for operation than trying to keep lines operational in a state where all
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Type of P# | Measures Description and Function
measure
organisational sufficient in relation to network safety margins are removed. Accident investigation reports from various countries have shown that many accidents occur due to known
extent and traffic levels. infrastructure failures that there might not be resources to repair, or such repair has not been prioritized within available resources. Such
conditions increase the risk of freight derailment and if hazardous materials are transported on such lines it might be a public risk.
P-19 | Ensure that the track/train The clearance gauge should be kept free of obstructions when trains are due to arrive. This is a general inspection and maintenance task
(D) clearance gauge including the carried out by all infrastructure managers. Special focus should be given to the flange groove in level crossings. If the flange groove is
flange groove is free from obstructed by hard solid objects it can cause derailments. Level crossings with rubber elements (Strail) can reduce the risk.
obstructions In countries with severe winters snow ice can pack in the flange groove and around the rail during periods of frost during night and thaw
during daytime. In particular this can be a risk if free water seeps over the track, for instance in level crossings. The risk is most severe for
passenger trains.
P-20 | Perform ultrasonic rail The IMs provide for ultrasonic inspection of the rails by various forms of wagons in order to detect cracks and fractures that can cause rail
) inspection of track ruptures. Either the IM owns the inspection equipment or the inspection is done by contractors. The ultrasound inspection provides the IMs
with information with regard to the quality of the rails and the need for rail replacements. The frequency of ultrasonic rail inspections is
determined by the IMs based on the rail age and traffic loads on the actual line accounting for available resources and equipment
performance.
P-21 | Perform track geometry Regular track geometry measurements are carried out by most IMs. The track geometry of railway lines is regularly measured by track
0] measurement of all tracks in inspection wagons or trains. Among the geometric parameters measured are: track gauge variations; track cant; track twist; track height
order to detect track sections variations; track lateral position faults.
requiring maintenance actions. | In addition modern measurement wagons can inspect rail surface conditions in terms of rail wear and various rail surface defects. The
completeness of the measurements with respect to track coverage at stations as well as intervals may vary. Frequency is normally
dependent upon traffic load and allowable speed limit of track. The frequency of inspection is based on local conditions and environmental
factors, ground stability, line speed and traffic loads accounting for available resources and equipment performance. Normal frequencies
can be 2 to 6 times a year with increased frequency for lines with more traffic and higher allowable speed.
P-22 | Establish EU-wide intervention | Excessive track twist is among the most frequent derailment causes often in combination with other causes such as skew loading, wagon
(D) and/or immediate action limits frame twist and low speed in narrow curve with high cant etc. In many cases where track twist is a major factor leading to derailment the
for track twist. actual track twist exceeds allowable twist limits, and in some cases the situation has also been known to those responsible for track
maintenance. Track twist requirements must be looked at in combination with requirements and limitations for rolling stock flexural stiffness.
An existing measure adopted by some IMs has been to impose more stringent limits for these parameters which suggest a more
widespread adoption of harmonised limits may be beneficial. The reason for this is that rolling stock meeting the TSI for freight wagons is
interoperable through the European Union and hence criteria for track maintenance activities should be harmonized in order to be able to
maintain a high level of safety against derailment due to track twist.
P-23 | Establish EU-wide intervention | The immediate action limits for variation of track gauge are set out in the final draft TSI for Conventional rail. These immediate action limit
(D) and/or immediate action limits are significantly less rigorous than today’s action limit for many. The argument for harmonised limits is P-21.
for variation of track gauge.
Infrastructure P-24 | Establish EU-wide intervention | Action limits for variation in cant relative to design cant is specified in the final draft TSI for Conventional Rail Infrastructure.
Operational/ (D) and/or immediate action limit Additional to the above some countries have general limitations of allowable excessive cant, specifically at locations where trains are
organisational for cant variations. expected to stop at a signal or drive slowly. This requirement is of special importance at locations with narrow curves where trains may
have to stop in front of signals and where there also is high track twist when leaving out of transition curves.
P-25 | Establish EU-wide intervention | Among others, the railways of Norway and Britain have intervention limits for variation in track height. The intervention limits specified in
(D) and/or immediate action limit Britain and Norway are relatively consistent, but with some minor variations. Variations in track height and cyclic tops may cause

for height variations and cyclic
tops which does not exist in

derailment, in particular if there are cyclic variations. A measure is for the Final draft TSI for Conventional Rail infrastructure to include
guantitative limitations on height faults (in line with other countries). An interoperable rolling stock fleet will benefit from harmonised track
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Final draft TSI for Conventional
rail infrastructure.

intervention and safety limits.
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Table 2 Existing Rolling Stock Preventive Measures

Type of P# Measures Description
measure
Rolling stock P-26 Flange lubrication of In some countries, in particular countries with a high proportion of curved tracks, there is a requirement to fit main traction units with flange
technical or () locomotives lubrication to reduce the friction of the contact between wheel flange and rail. Reduced friction between wheel flange and track also
structural reduces the necessary traction force and energy use on curvy track sections.
p-27 Replace composite wheels A composite wheel consists of a wheel rim with an outer shrink fitted ring comprising the wheel tread and the flange. A tyre retaining ring
(D) with monoblock wheels helps to keep the assembly in place. Composite wheels have the advantage that the ring can be replaced once it is worn down. A
disadvantage with composite wheels is that the wheel ring can come loose and be displaced, in particular due to heating in prolonged
braking actions. A wheel with a displaced or lost wheel ring is likely to derail. Monoblock wheels are forged or cast from one block and have
fewer failure modes, however, also for these wheels prolonged and excessive heating due to braking can cause material failure and wheel
rupture with consequential derailment. Some RUSs, in particular those with very mountainous lines, favour monoblock wheels and have
completely exchanged all their composite wheels with monoblock wheels. An existing measure with extended application is therefore to
replace composite wheels with monoblock wheels.
P-28 Replace metal roller cages in | The Norwegian rail freight operator CargoNet decided approximately 10 years ago to exchange their axle bearings from brass roller cages
(D) axle bearings by polyamide to polyamide roller cages. The implementation of the decision has been by replacement when the wagon and axle boxes are in for
roller cages overhaul. The rationale for the replacement was a number of derailments due to hot axle boxes and shearing of axle journals prior to the
decision being made. The cause of many of the failures was wheel damage. The polyamide cages were considered less prone to failures
due to vibration impact.
P-29 Replace existing axles for At least one wagon owner with a large fleet of tank wagons recently made a decision to replace axles in most of their rolling stock to axles
(D) stronger axles of higher strength. The allowable axle load of the rolling stock is not expected to be increased and the main reason for the replacement is
an increased safety against axle ruptures and derailments
P-30 Increase the use of central In rail freight transport operations by fixed trains with bogie wagons with uniform loading use of central couplers will reduce curve forces
(D) coupler between wagons in and ensures that compression forces occur centrally in the train. This will reduce the derailment risk. An existing measure that could be
fixed whole train operation given wider usage is therefore the introduction of central couplers of 4 axle rolling stock with bogies in closed train operation.
P-31 Increase the use of bogie The rolling stock of the European railways consist of a mixture of single or coupled 2 axle units with single axles or bogie wagons with 2 or
(D) wagons instead of multiple 3 2-axle bogies. Normally, bogie wagons have better riding quality and a lower derailment rate. An exchange of single axle wagons for
single axle wagons with a bogie wagons could therefore be a measure to reduce the number of derailments. This is already applied for most heavy bulk transport
long wheel basis applications. For the transport of light weight goods and lightly loaded containers and swap bodies this is not the case. For such transport
operations, wagons based on single axle wheel allows for a long loading basis to be obtained with a minimum of weight and cost; whilst this
is advantageous commercially it is not beneficial with respect to minimising derailment risk.
A review of accident reports indicates that these types of cars have an increased derailment frequency, often in combination with high track
twist.
P-32 For new rolling stock install Existing fleets of freight wagons are to a large degree equipped with wheel tread brakes utilising cast iron brake blocks (shoes). Some
() disc brakes instead of wheel modern wagons are equipped with composite brake blocks or disc brakes mainly due to new noise criteria (although we note that tread
tread brakes brakes fulfil the Noise TSI when equipped with composite brake blocks). To move the brake action away from the wheel tread, as is the
case with disc brakes, also has a safety advantage as the wheel tread material is subject to less heat and increased braking force can be
applied without the risk of overheating the wheels. This may reduce the failure rate for both composite and monoblock wheels. Application
of disc brakes will increase the torsion loads on axles and the strength of existing axles must be checked before implementing it on existing
wagons. Disc brakes also have some disadvantages as they does not clean the wheel tread for rub that may form in the wheel-rail contact
if the wheel is blocked for a short period. The measure is applied for some new freight wagons, mainly to limit noise from train braking.
P-33 Rolling stock should be The WAG TSI (TSI for rolling stock freight wagons) as a specific case for the Irish railways (Republic of Ireland and Northern Ireland) in §
(D) designed to operate safely 7.7.2.2.4.5 allows a stricter requirement to twist flexibility for freight rolling stock on that network than for the rest of Europe. The relevant
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over a track twist of up to 17 paragraph of TSI Wag reads: “Rolling stock should be designed to operate safely over a track twist of up to 17 per mille over a 2.7 m base,
per mille over a 2.7 m base and up to 4 per mille over an 11.2 m base”.
This will make the rolling stock much less likely to derail due to track twist.
P-34 Secure brake gear located in In order to avoid that loose brake gear from a wagon falling down on track and causing derailment all parts of the brake, rigging that could
(D) the underframe come loose should be secured by safety springs of steel wire. This is a requirement in some countries or done by some freight operating
RUs.
P-35 Regular greasing and check Rolling stock buffers can be lost and be a cause for train derailment. Various preventive measures are normally in place to control this
(D) of fastening of rolling stock possible derailment cause such as: inspection of buffer fastenings and regular greasing of buffer plates as well as buffer cylinder contact
buffers to reduce risk of a parts. If considered necessary fastening elements should be strengthened.
buffer falling off.
Rolling stock P-36 Wheel set integrity inspection | Wheel ruptures and damage to the wheel profile may be a contributing cause to derailments. Whereas wheel impact load detectors can
Operational / (D) (ultrasonic) programs detect some wheel profile problems, wheel profile measurement systems and wheel ultrasonic integrity inspection with respect to cracks
organisational can provide a more complete picture. They are also based on other technology: analysis of lasers and digital camera images highlighting
the profile using lasers or strobe light. In addition wheels have to be inspected for material cracks that can cause ruptures.
Various NDT methods can be used for crack detection including ultrasonic. Technology exists for supervision stations in depots that can do
the necessary inspections while the train passes the supervision station in low speed. Measurements can be stored in a central database
for monitoring of trends and planning of maintenance.
pP-37 Derating of allowable axle Investigations by the ERA JSSG set down after the Viareggio accident indicates that an increase of the axle load of types A-l and A-ll axles
(D) loads for type A-l and A-ll has been allowed nationally for some countries even though this exceeds the intended design load. The JSSG has recommended that
axle designs maximum operational axle load limitations for A-I and A-ll axles are limited to 20 tonnes. A-lll axles are allowed a continued operation with
22.5 tonnes axle load provided strengthened inspection and maintenance routines are introduced. Type A axles comprises more than 75 %
of existing wheel axles in European rolling stock.
P-38 Inspect axles of freight train Since 01.04.2010 a European-wide voluntary program of wagon owners for visual examination of axles and wheels has started. The
(D) rolling stock according to purpose of the inspection is partly to identify surface marks and scratches in wheels and axles that can act as crack initiators.
EVIC (European Visual The EVIC can be considered as a reference manual for RUs and keepers providing the criteria to freight wagon maintenance staff to
Inspection Catalogue). visually identify, during light maintenance in workshops (i.e. without disassembling from the wheel-sets), axles with a potentially increased
risk for safe operation. A wheel-set/axle which doesn’t meet the EVIC-criteria will be discarded from service and undergo non-destructive
tests (NDTs). Additionally, a sample of axles fulfilling the EVIC-criteria will also be subject to NDT. This program runs over the next 4 years
for rail tank cars and 6 years for other railway wagons. The examination according to EVIC-catalogue will be done from April 2010 on each
wagon, which enters a workshop for repair (operational maintenance) outside from revision. The inserted wheel-sets are examined and the
workshop will inform the wagon owner about the result. Results with regard to inspection progress are to be reported to the ERA. All private
owners announce the collected inspection results over the federation VPI (or VDV) monthly to for European-wide evaluation of the results.
P-39 Requirement for double CargoNet, the largest freight rail operator in Norway, has classified their maintenance activities according to whether the maintenance
(D) check and signing of safety- operation is safety critical or not. The safety critical maintenance operations, called S-marked activities, have to be double checked and

classified (S.-marked)
maintenance operations.

signed out by 2 persons. This is considered to reduce the likelihood of faults and omissions in the maintenance work of safety critical items
of the rolling stock.
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Table 3 Preventive Measures applied to Train Loading and Operation

visual inspection. Note, this
measure is currently being
investigated to determine
the details.

Type of P# Measures Description
measure
Train loading / P-40 Qualified and registered In some countries it is required by law to have a qualified and certified person responsible for supervising the loading of trains.. The person
human (D) person responsible for designated must demonstrate sufficient knowledge in order to be deemed qualified, and the designated person is registered with the train
loading. operator. Also in Bulgaria a qualified person is to be responsible for correct train loading.
Pre-departure P-41 Locomotive and first wagons When operating long freight trains in brake position P the delayed application of pneumatic train brakes in the rear of the train compared to
inspection and (D) of long freight train in brake the front of the train causes significant compression forces. In order to limit train compression forces when operating pneumatic brakes of a
brake settings/ position G (Lange freight train in position P the locomotive(s) and the first wagon(s) of a long freight train shall be put in brake position G to limit the
human locomotive) compression forces of the train when braking with the pneumatic activated train brakes.
Train P-42 Limitations on use of brake Regardless of type of brake activation it is important to restrict brake actions in difficult track geometries at low speed. In particular this
operations/ (D) action in difficult track applies when freight trains are routed through deviated point settings with narrow curves across stations. This is particularly relevant at low
human: geometry speed, to avoid high compression forces of the rain that could cause buffer locking and derailment.
P-43 Perform a dynamic brake test | The ATP-systems of some countries has a function to perform a dynamic brake test on the route to get actual test information with regard
(D) on the route to get actual test | to the train braking performance.
information with regard to the
train braking performance
P-44 Saw tooth braking should be When pneumatic brakes have to be applied to restrict the speed in long saw-tooth braking should be applied. This means that during a
(D) applied when using brake application of approximately 60 seconds the speed should be restricted so much that there can be an interval of a minimum 90
pneumatic brakes to limit seconds without brake application until the next pneumatic brake application. By such actions the heat exposure to the wheels is limited
speed in long and steep and the risk of wheel damage is reduced and hence reducing the risk of derailment. If necessary, the speed should initially be reduced so
descents in order to limit heat | the above specified brake actions are sufficient to maintain allowable speed during the descent.
exposure to wheels
P-45 When passing a signal When passing a signal showing a reduced speed, the driver should initiate the braking or speed reduction activities prior to passing the
(D) showing a reduced speed, signal. For a number of reasons this may reduce the risk of over-speeding and derailment in track deviations:
the driver should initiate the o  The braking action is initiated earlier and a gentler braking will ensure sufficient speed reduction according to signals and signs.
braking or speed reduction o  There is less chance of the driver forgetting the speed reduction signal if the braking action is initiated immediately.
action prior to passing the
signal.
P-46 Traffic controllers and drivers | It is not uncommon that hot axle box alarms are acted upon too late so the derailment has already occurred when the train stops or reduces
(D) should not be allowed to the speed. Further, there are several examples of accidents that seem to have occurred due to overriding of a hot axle box alarm, either
override detector alarms. because the time taken for the driver to inspect the axle box has taken too long (thus cooling has occurred), or possibly because there is
not a convenient location to stop and inspect the train without delaying other traffic, etc.. Trafikverket in Sweden has recently issued a new
regulation for how various alarms should be handled. The document specifies the actions to be carried out after a detector alarm
registration is received and restricts the traffic controller's and train driver’s possibility to override detector alarms.
P-47 Wagons equipped with a Currently being investigated. No further information at present.
(D) balance to detect overload in
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Table 4 Existing Consequence Mitigation Measures

Category: M# Measures and Where applied:
motivation:
Rolling stock M-1 Derailment detection The purpose of a derailment detector is to detect that a derailment has occurred and to either automatically employ brakes to bring the train
(D) detectors (valves) to a halt or to warn the driver and allow the driver to take appropriate action. The technology employed is typically a spring mass valve
measuring vertical acceleration. Acceleration above a certain threshold activates the emergency brake valve.
M-2 Equip tank wagons with Tank wagon hire companies have available for hire rail tank wagons with a large number of elements for improving the safety of hazardous
(D) impact shield to protect tank | goods transport services. The rail tank wagons are fitted with special buffers with additional deformation elements and structural protection
against penetration to prevent damage for impact speeds up to approx. 35 km/h depending upon the size of the train. It is a requirement for transport of many
types of hazardous materials that the wagon is equipped with protection against buffer locking to prevent structural damage to the tank and
wagon frame in an accident. RID specifies the minimum requirement for wagons used for various type of materials. The unit also features
protective shields on both ends of the tank serving as a crumple zone and protecting the tank bottom from perforation in the event of buffer
locking and overriding. Design improvements on the fittings provide added protection against leakage if the vehicle overturns or rolls over.
The additional optional safety elements increase the tare weight by only approx. 1.2t.
M-3 Install emergency warning In Switzerland it is a requirement that locomotives are quipped with warning lights in the front that can be lit to warn trains on the
() lights on locomotive to warn neighbouring track in the opposite direction about possible dangers in terms derailed wagons etc. Installation of such warning lights can be
train on neighbouring track extended to other countries. These warning lights (red flashing lights) should be activated if the train driver suspects that the neighbouring
going in opposite direction. track could be blocked or interfered by a derailment or other obstruction.
M-4 Attach mechanical guides at | A number of high speed passenger trains are equipped with structures or equipment in the bogie which ensures that the wagon is kept
(D the bogie structure or on along the track if a derailment of one axle occurs. Examples of such trains are TGV in France, X-2000 in Sweden and Shinkansen in Japan.
wagon support at In many cases the guiding devices has been installed for other purposes and for other functions, but their guiding effect has been proven in
appropriate position to accidents. The above examples are passenger trains, but it should be investigated whether it is possible equip freight wagons with similar
ensure that a derailed wagon | guiding devices.
most likely is kept along the
track
Infrastructure M-5 Safety rails (guard rails) at The European railways in general install guard rails between the running rails at bridges to limit the movement of a derailed wagon. In some
(D) bridges and in tunnels. countries and railway lines (e.g. @resund tunnel in Denmark) guard rails are also fitted in tunnels. The measure could be given a wider
application in order to limit the free movement of a derailed wagon and hence may limit the consequences of a derailment.
M-6 Battering rams in front of Safety critical structural supports of platform roofs, large overbridges located between tracks or close to tracks may be given additional
(D) safety critical supports. protection in the form of battering rams or other forms of structural protection to limit the risk of damage from derailed rolling stock. The
measures are used to protect special safety critical structures, although are very commonly used.
M-7 Installation of dragging Derailment and dragging object detectors can be installed to identify if a train has a derailed axle, or equipment that has come loose from a
(D) object and derailment wagon and being dragged along the track between the rails. Such detectors may be installed in front of large stations or structures where
detectors. the situation may cause major damage. Early dragging equipment detectors were of the "brittle bar" type. Fixed elements between and
beside the rails would break when struck by foreign objects. Their breakage would interrupt an electric circuit that formed part of the
reporting system, and the train would be stopped and inspected. The introduction of "self-restoring" dragging equipment detectors, which
are hinged and sprung so they return to position after impact, have reduced maintenance requirements for such installations.
M-8 Installation of deviation In order to handle runaway rolling stock in strongly descending tracks from marshalling yards, controlled derailment points may be provided
(D points leading to a safe to avoid that runaway rolling stock accelerating in the descending tracks and causing large consequence derailments and accidents further
derailment place in strongly down the descent. Such accidents have recently occurred March 24th at Alnabru/ Sjursgya in Oslo Norway causing 3 fatalities and 4
descending tracks serious injuries, and December 3rd 2005 at Salerno in Italy causing one fatality and 3 injuries
M-9 Radio or cell phone Emergency communication connection from between trains and traffic central and trains can reduce the time from derailment to train stop

0]

communication installations

and hence reduce consequences. GSM-R is a cell phone based communication system that is specified as pert of ERTMS and will be A
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Category: M# Measures and Where applied:
motivation:
like GSM-R in order to standard system in the EU-countries.
transfer emergency stop
orders to trains
Operational M-10 Separate passenger and In order to minimise the risk of hazardous materials rail transport, hazardous materials trains should as far as possible be separated from
() freight traffic to separate heavy passenger rail traffic by route or time of operation in order to minimize the consequence. Hazardous material trains should if possible
lines to a larger degree also be routed around high population density residential areas.
(which is also EU-policy).
M-11 Restrictions on freight traffic Restrictions on freight traffic in general or hazardous materials transport in particular through certain busy passenger terminals, city centres
(D) in general or hazardous and/or underground stations to restrict traffic and limit the consequences of a derailment. Examples are banning of general freight traffic at
materials transport through busy lines around Rotterdam and Amsterdam or through airport train stations as Oslo Airport and Schipol in Amsterdam.
busy passenger terminals
and/or underground stations
M-12 Develop and apply a The Swiss have developed a checklist for use by freight train transport of dangerous goods. The checklist is meant as an operational aid in
(D) checklist for dangerous controlling freight train transports of dangerous goods. The checklist could be adopted for use in the EU and other countries.
goods transport
M-13 Requirement for activating of | In Switzerland it is a requirement that safety warning lights (red flashing lights) in the front of the train are activated if there is a suspicion
(D) warning lights in driving end that a derailment has occurred and there is a chance that the neighbouring track is blocked by the derailment or other obstruction.

of train.

Improved communication systems by GSM-R required by ERTMS can be an alternative to the above measure.
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3.2

Performance Assessment for Existing Measures*

The following tables are indicative of the information that has been gathered as part of our research and consultation and summarises over 40
responses from infrastructure managers and railway undertakings, and about 30 responses from supplier organisations.

Table 5 Performance Assessment for Infrastructure Preventive Measures

P# RAM and/or Effectiveness Assessment Costing Information Comments
Predicted Observed Purchase and Installation Life Cycle

P-1 An installed check rail is Installation cost € 250/m of track. Added track maintenance and The installation is assumed restricted to Checkrails may also be installed with the
expected to be at least 90 The lifetime is at least equal to the | tamping cost: + 20 % curves of radius < 250 m. joint aim of reducing track wear.

% effective in avoiding lifetime of the rest of track
derailment due to track construction.

geometry faults in curves

with radius less than 250

m.

P-2 Track and flange lubrication systems are installed primarily as measures to reduce track wear. These systems do however have secondary benefits and are thought to be contribute to
reducing derailments in certain cases (as reported to us during our consultation exercises), hence their inclusion here. However, as their installation is generally for track wear considerations,
we have not considered them as measures in the context of derailment prevention. Further, as derailment reduction is a benefit rather than a primary function of these measures, there are
unlikely to be any no specific derailment reduction effectiveness data.

We will review this situation during Part B.

P-3 Installation of rock scree and avalanche protection structures is Installation cost € 3- 5000/m of Life cycle cost estimate: € 150 per annum | In 2006 there were 4 serious
considered close to 100 % effective where installed. But the railway line. The lifetime equal per m of railway line with rock scree accidents/derailments in Norway due to
installation is very costly and cannot cover all lines where there is | to the lifetime of the track protection structure rockfalls / rockscrees on the railway line
a rock scree and avalanche risk. Primarily a collision avoidance which occurred at places where rockfalls
measure. and avalanches were not expected and

P-4 Rock scree and avalanche detectors are fairly reliable in terms of | € 100 000 + € 500 /m of railway | Life cycle cost estimate: € 150 per annum | hence not protected. 2 of them affected
detecting screes or avalanches when they have occurred, but line protected. per m of railway line protected. freight trains.
they can give a high number of false detections which will delay
trains. In Norway approximately 2 per mille of the railway line
length is protected by rock scree and avalanche detection. .

Primarily a collision avoidance measure.

P-5 Obstacle detectors have a primary role as a collision reduction system, with secondary benefits of reducing the likelihood of subsequent derailment. It is reported [2] that where these have
been installed they are effective in their primary purpose. Indeed, it is stated that in 100 installations that only 1 serious collision has occurred in 15 years. However, because the primary
function is collision reduction rather than derailment reduction, we have not considered them further.

We will review this situation during Part B.
P-6 Geo radars. IMs currently employ techniques for the identification of track superstructure faults. Further, track superstructure faults appear, based on our accident review, to make only a

! Under the terms of the confidentially clauses associated with this work, some derail is not provided externally and is available only to the project team.
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P# RAM and/or Effectiveness Assessment Costing Information Comments
Predicted | Observed Purchase and Installation [ Life Cycle
minor contribution to freight train derailments. We have not considered these further at this stage.

We will review this situation during Part B

P-7 Rolling stock equipment for rail profile monitoring. This technology allows for quicker and more efficient inspection of rail profile conditions (compared with the use of specialist vehicles). The
main benefits of such systems are cost and efficiency, rather than safety. These are not considered further.

P-8 Track circuits are installed for train detection purposes, as part of the signalling system. These systems do however have secondary benefits in that they may detect rail ruptures and thus
contribute to reducing derailments in certain cases. However, because the primary function is train detection rather than derailment reduction, we have not considered them further.

We will review this situation during Part B

P-9 Interlocking to prevent movement of points while the relevant A track circuit for information Operating cost can vary depending upon Interlocking functionalities are normally
track section, inclusive of point, is occupied by a train, is a about track occupation across a | the technical solution: Coarse estimate € introduced when installations are
common feature of railway signalling installations. The point costs approximately € 1000,- per track circuit. renewed To what extent and at what cost
interlocking feature in railway signalling systems is normally very | 6000 — 10 000. If the point is interlocking functions can be added to an
reliable. Among 110 derailment accidents in Europe checked for electrically operated centrally existing installation depends on the age
this project, approximately 4-5 accidents are caused by untimely from a signal box interlocking of the installation.
operation of points while they are occupied by trains can be made locally or centrally

depending upon cost.

P-10 Manufacturer’s claim [4] is Claimed by one IM to achieve an Costing information is Manufacture’s recommend a fortnightly We have reported at various points within
for 10,000 hours MTBF for availability of >99%. A repair time | confidential inspection [4]. the Part A work that alarms can be
mechanical parts and of 1 day (mostly travel) was also ignored (or possibly thought to be a false
500,000 hours MTBF for quoted together with a false alarm | The cost is dependent on the Estimated by one IM [5] at 5% of alarm) and the train allowed to continue
electrical parts. Repair rate of 40% [5] type of device, as some hot axle | purchase cost. leading to derailments. This issue would
times of 5 minutes are box detectors are multi-purpose. need to be addressed if the full benefit of
claimed (excluding travel All other IMs answering this the increased use of these systems were
time). False alarm rate of question stated that the devices to be realised.
less than 40% quoted. they used were “effective” or

similar qualitative judgement, and
that they saw increased coverage
as a good derailment reduction
option.

pP-11 Manufacturer claims are The systems in service have an Costing information is Manufacture’s recommend a fortnightly Can be linked with RFID tagging to
that these offer very similar | average of 98% full system confidential inspection [4]. A second supplier provide effective feedback to appropriate
characteristics to hot axle availability. [7] suggests that hardware maintenance is parties.
box detectors (P-10) [4] Installation claimed to take 3 restricted in general to a six monthly
The rate of estimated false days. periodic inspections and a system
alarms is less than 2% [7] calibration as a 12 monthly routine [7]

P-12 In most cases, these devices are integrated with hot axle box detection to provide a single solution. The data for P-10 applies.

P-13 Manufacturer claims One IM, [8], indicated that the Costing information is Costing information is confidential There is a significant variance in cost
between 85 and 95 % with detection of wheel anomalies confidential depending on the functionality of the
5% false alarm rate [10]. through a system of this type had devices in this category.
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P# RAM and/or Effectiveness Assessment Costing Information Comments
Predicted Observed Purchase and Installation Life Cycle
Alternative supplier [18] almost completely eliminated hot
claims MTBF of 3 years axle box problems for one
with a 2 day repair time. passenger train operator.

False alarm rate of 1 per
100,000 trains.

P-14 See mitigation measure M-7 for dragging object/derailment detector.

P-15 Manufacturer’s claim is for In-service estimates show Costing information is Maintenance requirement less than 15 Although similar systems are used in
track and sensors to have achieved levels of over 20,000 confidential hours per year with a repair time of 30-90 | Turkey, we are not aware of other
an MTBF 8 to 10 yrs hours MTBF (manufacturer’s minutes. installations outside of the USA, Canada,

claim [9]) Australia and India. It may be necessary
to transfer this measure to short or
medium term.

P-16 Manufacturer’s claim is for Availabilities range between 85 Costing information is Regular maintenance: weekly visual
track and sensors to have and 95 % depending on the confidential check / cleaning 2hrs. = 104 hrs/year
an MTBF > 10 yrs, and operators skills and environmental Annual inspection and maintenance: 40
computer systems 5-10 yrs | influences [10] Installation into the track 100 hrs. False alarm rate claimed to be
[10] man hours (1- 2 days duration). between 5% and 8%. A weekly test

Setup 160 man hours (2 weeks measurement using a master wheel set is
duration) (+ handover & staff recommended [10]
training) [10].

pP-17 Manufacturer’s claim is an The five newest installed systems | Costing information is Annual maintenance is required, and
MTBF of 8000 hours. False | have operated for the past 2-3 confidential regular cleaning depending on the
alarms are claimed to be years without failure. [11] environment. [11]
rare and loss of output Installation costs not provided,
would cause the system to but the technology requires
fail, rather than false alarm laser mounted devices to be
[11] installed on an existing gantry.

Estimate is for 2 days to install
and set-up.

P-18 Many derailments are caused by substandard track that does not | The cost to upgrade and The consequences of derailments at such
meet minimum standards and where speed has been reduced, maintain track to a safe tracks depend on the traffic performed. If
either in freight only lines or in sidetracks at stations. Examples standard can be substantial. it is only for timber traffic in rural areas
can be found in many countries, e.g. Norway, Sweden, Finland, the consequence risk are small. However,
Switzerland, Hungary. In order to reduce the frequency of if substandard tracks also exist in freight
derailments such lines should be closed for traffic operation until only lines or station sidetracks in urban
the standard has been upgraded. areas, the consequences may be severe.
The effectiveness of this measure depends on the degree to
which improved maintenance is carried out, but if maintenance is
carried out to levels similar to main lines, then performance
matching main line performance should be possible.

P-19 This measure relates to the frequency of derailments caused by failure to clear the flange groove. The potential benefit and costs of a revision of

EXTERNAL Final A3 Report 12 04
Reference to part of this report which may lead to misinterpretation is not permissible

MANAGING RISK [0



12 April 2011

Freight Train Derailment: Functional and Performance Assessment Rev 02 Page 18
European Railway Agency DNV

P# RAM and/or Effectiveness Assessment Costing Information Comments
Predicted | Observed Purchase and Installation [ Life Cycle
this measure can only be judged when the frequency of freight train derailments which are caused by these defects is known (i.e. during Part B).

P-20 This measure relates to the frequency of rail inspections. The potential benefit and costs of a revision of this measure can only be judged when This measure is closely linked to others,
the frequency of freight train derailments which are caused by track defects is known (i.e. during Part B). (In particular the use of side tracks are for example P-18. If there are insufficient
often the cause of derailments due to poor track geometry and rail conditions.) resources to act on the information

provided by additional inspection then this
measure will not be effective.

pP-21 This measure relates to the frequency and coverage of track geometry inspections. The potential benefit and costs of a revision of this measure This measure is closely linked to others,
can only be judged when the frequency of freight train derailments which are caused by track defects is known (i.e. during Part B). (In particular for example P-18. If there are insufficient
the use of side tracks are often the cause of derailments due to poor track geometry and rail conditions.) resources to act on the information

provided by additional inspection then this
measure will not be effective.

p-22 Excessive track twist, in particular in transition curves leaving a The direct track cost of reducing | Increased inspection and maintenance Derailments are in general low speed
highly canted circle segment of a curve, is one of the most track twist might not be high, but | cost may be required to reduce frequency | derailments with somewhat smaller
frequent contributions to derailments in many countries. Existing | a reduction in track might of excessive track twist conditions. consequences than derailments at high
intervention and immediate action limits varies from country to reduce allowable speed and speed, but they often occur at stations or
country. In view of the interoperability of rolling stock across hence have an influence on close to stations where the infrastructure
border this is not helpful in avoiding derailments. travel time and capacity. damage can be higher.

If adopted, this measure will be very effective (depending on the
operating limits chosen) in reducing derailments caused by
excessive track twist.

pP-23 Tight control of track gauge is important to reduce derailments, in | This is difficult to assess as tighter action limits will increase the maintenance | It is usual that track width derailments
particular for tracks with old wooden sleepers and old rail cost and the need for sleeper exchange. However, since it is mainly track occur at track with aged wooden sleepers
fastening equipment. The existing measures implied by the with wooden sleepers of a certain age that is exposed to this risk, the cost and at little used sidetrack at stations or
various EU countries vary significantly. The final draft TSI for should be reasonable. on freight-only lines.
conventional rail infrastructure specifies an immediate action limit In some cases the cause has been
only which is laxer than action limits by existing limits in some specified as a dynamic widening of the
countries. track gauge due to the train forces in

curves. In some of the cases rail
If adopted, this measure will be very effective (depending on the compression forces due to high rail
operating limits chosen) in reducing derailments caused by temperatures could have contributed to
excessive track width. the dynamic widening of the gauge.
(For example, among 100+ freight train derailment accidents
reviewed to date for this project approximately 7-8 % are due to
excessive track width. However, some of these occurred due to
excessive track width which was known for a several months and
no action was taken. The overall derailment frequency reduction
potential for this measure is there therefore judged to be in the
range 5-6 % but will be further assessed in Part B.)

P-24 A maximum allowed cant inclusive of any variations during Small costs, but track cant might | Reduction in allowed train speed in A very high track cant is unfortunate in

operation is in TSI for conventional rail infrastructure is set at 170 | have to be reduced to limit the curves in front of signals where freight positions where freight trains may have to
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P# RAM and/or Effectiveness Assessment Costing Information Comments
Predicted | Observed Purchase and Installation Life Cycle
mm for lines open for freight traffic. maximum possible cant trains may expect stop signals. stop, e.g. in front of signals. In particular if

. . . . . . including allowed variations. there is a narrow curve at the relevant

This is a very high cant in particular in curves where trains may track section which can be occupied of a
need to stop regularly, e.g. in front of signals. This is particularly train stopping in front of a signal. The TSI
safety critical if some of the wagons are skew loaded within or allows as much as 160 mm design cant
just outside of specified limitations. for lines with freight train operation but
Some countries have stricter cant limitations at such positions limited to R-50/1.5 in curves of R < 290
that could be wider applied. The overall derailment frequency m.
reduction potential for a measure to put stricter cant limitations in
curves in front of stop signal is approximately 3 -4 % based on
derailment causes in 100+ derailments we have looked at
accident reports for.
If adopted, this measure will be very effective (depending on the
operating limits chosen) in reducing derailments caused by
excessive cant variation.

P-25 The overall derailment frequency reduction potential for a This is a track maintenance issue once the track is installed. Short length Derailments due to track height variations

measure to reduce excessive track height variations is
approximately 3-4 % based on derailment causes in 100+
derailments we have looked at accident reports for. This applies
to a single height variation or more cyclic effects. The overall
derailment frequency reduction due to elimination of this cause
therefore seems to be in this range.

The degree to which this reduction can be achieved in practice is
dependent on the criteria adopted, and the level to which it is
implemented.

height failures are fairly easy to detect but costly to correct as their cause are
often due to insufficient water drainage of the substructure. However, a speed
reduction will reduce derailment risk.

Long wave cyclic height failures are more difficult to detect, but once detected
they can be corrected by track geometry adjustment

are high speed phenomena and the
speed reduction would be the least costly
action. Due to the high speed the cost
associated with derailments cause can be
high.
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Table 6 Performance Assessment for Rolling Stock Preventive Measures

train operation with 4 axle cars are likely to reduce derailment

to be motivated by other factors

motivate the reduction.

P# RAM and/or Effectiveness Assessment Costing Information Comments
Predicted | Observed Purchase and Installation | Life Cycle

P-26 Flange lubrication for locomotives — see P-2.

p-27 In the derailment accident basis we have looked at there are The cost of such a measure to The cost of a new wheel tire is assumed If it can be verified without significant
twice as many derailments caused by composite wheels as for replace composite wheels for to be lower than the cost of a new mono- | doubt that mono-block wheels have a
mono-block wheels. Whether one type of wheel can be said to mono-block wheels depends block wheel. lower failure rate than composite wheels
have a higher failure rate than the other depends upon the upon how it is carried out. . . one could make mono-block wheels
number of wheels of each type and the traffic performance of ) The operational cost of a fleet of railway mandatory for wagons for hazardous
each type of wheel. The most cost-effective cars with monp-block wheels m_lght materials.

approach would be to make the therefore be higher than for a similar
If we assume there is an equal number and equal traffic replacement when existing sized fleet of wagons with composite
performance of each type of wheel the derailment rate could be wheel tires are worn out, or wheels, but this depends upon the time
approximately halved for the rolling stock with composite wheels when the entire wheel including between tire and wheel replacement and
if the wheels were exchanged with mono-block wheels. both rim and tire has to be the actual cost and time of doing the
Wheel failures account for approximately 8 % of all derailments. replaced. replacement.
The derailment frequency reduction potential for a change of all
composite wheels with mono-block wheels could hence be
approximately 2 %. But this value is uncertain and will be studied
in Part B.

P-28 Selection of roller cage material can influence the failure rate of The price difference between We do not know whether the material CargoNet the Norwegian freight train
bearings. Information searches on the internet seems to indicate polyamide type roller cages and | selection has an influence on the life time | operator made a decision in 2000 to
that polyamide roller cages are less exposed to failure due to metal type roller cages is hardly | of the roller cage, but so far we have no replace their brass roller cages with
vibrations, and hence may be a better material then brass in the important. If the replacement such indication that it does. polyamide type roller cages.
roller cages of railway wagon bearings. Failure of roller cages of with a new roller cage material ) . o
bearings is an important cause of hot axle boxes, and hot axle is done when the bearing has to | However, internet information indicates EUB of Germany has made the same
boxes are among the major causes of freight train derailments. A | be opened and maintained in that polyamide roller cages make less recommendation to DB Schenker after a
reduced roller cage failure rate may therefore have a significant any case the cost is assumed to | N0ise when failures occur, and hence derailment between Bruchmiilen and
influence on hot axle box events and also on freight train be marginal. they mlght be more_dn‘flcul_t to foIIo_w—up Bunde in 2009 and the recommendation
derailments. by trackside acoustic bearing monitors. has been accepted by DB Schenker.

It is unclear at present the numerical difference in failure rates We do not know to what extent polyamide
between polyamide and brass roller cages; however the roller cages are common in other
maximum potential is for a 10 % reduction in overall freight countries.

derailment frequency.

P-29 Exchange of axles for stronger axle designs is assumed to The cost of this measure is With higher strength axles the inspection Axle ruptures are mainly due to fatigue
influence the frequency of axle ruptures caused by hot axle partly determined by the cost of | frequency might be reduced and hence failures and the important factor is
boxes. From the accident causes reported by 100+ accident new axles, but also to what the operating cost reduced, but the whether fatigue life of the axles is
investigations this measure has the potential to reduce the extent the wagons has to be inspection frequency is mainly to be increased by an increased strength. If the
overall derailment frequency by 5 % were the full benefit to be taken out of commercial determined by the calculated fatigue life extra strength is achieved by higher
realised. As a working assumption, we will assume that 50% to operation during the time of the axles, which might not be strength materials, the fatigue life may not
90% of axle ruptures may be avoided. replacement proportional to the strength. be significantly affected.

P-30 Increased use of central coupler between wagons in fixed whole The use of central coupler has Operating cost may be reduced and
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P# RAM and/or Effectiveness Assessment Costing Information Comments
Predicted | Observed Purchase and Installation Life Cycle
frequency due to removal of buffer forcers, but heavy whole train | other than reduction in
operations are anyhow not exposed to high derailment risk from derailment risk.
factors that can be influenced by the central coupling
arrangement

P-31 Bogie wagons are less prone to derailments than single axle For tank cars, hopper wagons If more axles are required for same For wagons for containers, swap bodies
wagons. In particular this applies to lightly loaded or empty single | and wagons for bulk transport of | loading capacity an increased inspection and light manufactured objects like
axle wagons with a long wheel base and long overhang. It is heavy materials the trend is for and maintenance cost may result but this | automobiles single axle wagons can give
difficult to quantify the effect of a measure to replace single axle bogie wagons and the cost may | depends upon the type of wagon and a lower unit cost per m of loading basis
wagons with bogie wagons, but it is likely to have a significant be in favour of bogie wagons. load. and will be favoured on commercial
influence of the derailment frequency of freight trains. For wagons for containers, swap reasons for some sort of operation. Even

bodies and light manufactured for timber transport we have seen that an

objects like car single axle increase in allowable axle load for heavy

wagons can give a lower timber transport lines have favoured short
coupled wagons with single axle running
gear, as they give a higher loading
capacity per m train length.

P-32 Installation of disc brakes reduces the heat load on wheels and Exchange of brakes from tread Probably not decisive in any way, but has | Disc brakes also have some
may reduce the risk of catastrophic wheel failures, either in the brakes to disc brakes on to be investigated further. disadvantages as they does not clean the
form of mono-block wheel ruptures or due to displaced tyres of existing wagons is very wheel tread for rub that may form in the
composite wheels. Hence, disc brakes may reduce the expensive and must be wheel-rail contact if the wheel is blocked
derailment risk somewhat. The derailment reduction potential motivated by other benefits. for a short period.
based on existing operation is approximately 5 % were the full .
benefit to be realised. A replacement of cast iron brake Not being able to remove rub from

blocks by composite wheel blocked wheels may increase the risk of
As a working assumption, we will assume that 50% to 90% of blocks is a cheaper way of hot axle boxes.
wheel ruptures may be avoided. meeting the noise TSI for
existing wagons.
The driving force behind a possible move from tread brakes to
disc brakes may be the “TSI for railway system noise” that is
difficult to meet by tread brakes with cast iron brake blocks.

P-33 Apply Irish track twist limitations for rolling stock. This measure is a specific case for the Irish railways (Northern Ireland and Republic of Ireland) in the TSI for freight wagons and is probably
granted due to the specific track gauge in Ireland and their captive rolling stock that is designed for such track twist conditions. It is not applicable for the rest of Europe unless changes are
made to rolling stock specifications which are assumed very costly. This measure will not be investigated further.

P-34 Secure brake gear located in the underframe. Based on the The cost figure depends upon The lifecycle cost in terms of inspections
accident causes of a 100+ accident basis this has a derailment actual design of wagon brake and replacement of failed securing straps
frequency reduction potential of 1 %, but the measure could system, but is assumed to be will increase, but we are not aware of any
already be applied in more countries than Sweden. This relatively small. quantification.
measure is considered to be very effective where applied >90.

P-35 This measure relates to the frequency of derailments caused by buffer failure (lack of greasing etc). The potential benefit and costs of a revision
of this measure can only be judged when the frequency of freight train derailments which are caused by these defects is known (i.e. during Part
B).

P-36 This is the normal wheelset inspection program carried out to by all RUs to ascertain that the wheels and axles are free of safety critical wear
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P# RAM and/or Effectiveness Assessment Costing Information Comments
Predicted | Observed Purchase and Installation | Life Cycle
damages and cracks. This is normally carried out by visual inspection as well as ultrasonic or other NDT-methods while the train is in a depot.
The effectiveness of this measure will be dependent on the safety culture of the organisation, amongst other things.
A review of accidents during Part B may provide further information to support an effectiveness rating.
P-37 Derating of allowable axle load for type Ai and Aii axle designs. No direct investment cost. Probably a reduced life cycle cost for the Axle ruptures are often high speed
This is a reversal of an exemption granted by some countries to wagons in question, but an increased no phenomena with a large accident
allow higher axle loads than the intended design axle load, and a of wagons is required to do the same potential as shown by the Viareggio
recommendation to revoke such higher loads has been issued by amount of transport, which will increase accident, although we do not know
the JSSG of ERA. the train operating cost. whether the involved wagon in the
L . . Viareggio accident has been allowed a
To what_ extent this will redgce axle ruptures due to fatigue is higher axle load than the intended design
uncertain, but to remove this exemption will lead to replacement load.
of those axles with new and stronger axles.
As a working assumption, we will assume that 50% to 90% of
axle ruptures may be avoided where this exemption applies.
P-38 Implement EVIC inspection programme for axles. From the No particular purchase or Increased inspection cost might apply, Axle ruptures are often high speed
number of derailments due to this cause the measure seems to installation cost. but the EVIC inspection program may be phenomena with a large accident
have a potential for 5 % reduction in derailment frequency, but more cost- effective than previous potential as shown by the Viareggio
the reduction in derailment cost and consequence is likely to be inspection programmes. accident.
higher as these accidents are normally high speed derailments.
The effectiveness of this measure however needs to be judged
based on the quantity of axle failures that may have been
prevented by this programme. This information is not available
at the present time.
P-39 Like P-36, the effectiveness of this measure depends on the safety culture of the organisation, time allowed for the task and other factors. We

have previously identified, from the ARAMIS method [12] the following relating to the use of human barriers:
. Where the human barrier is of a preventative nature or part of a normal operation, a probability of failure on demand of 10?2 is
suggested.
*  Where the human barrier requires a specific intervention, a probability of failure on demand of 107 is suggested.
These values perhaps provide a range, although following development of a risk model in Part B the context in which this measure applies will be
clearer, allowing a better estimate of its potential effectiveness.

Costs associated with a potential adoption of this measure will be relatively minor.
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Table 7 Performance Assessment for Preventive Measures applied to Train Loading and Operation

P# RAM and/or Effectiveness Assessment Costing Information Comments
Predicted | Observed Purchase and Installation | Life Cycle

P-40 The discussion at P-39 applies.

P-41 Brake position G for locomotive in G and "Lange Lokomotiv” None. None. This measure is to a large degree already
depending on train weight. Identical or similar requirements exist implemented in most countries.
in many countries to reduce compression forces when braking
long and heavy freight trains. The effectiveness in terms of
avoiding derailments are difficult to assess, particular since this
measure to a large degree is an existing measure that is applied
in most countries. However, we are aware of derailment
accidents which partly can have been caused by not
implementing this measure contrary to the requirements.

P-42 Limitations on brake application at low speed in difficult track None None This is low speed derailments where the
geometries. Abrupt braking of long freight trains at low speed in brakes are already applied and the
difficult track geometries, in particular in deviated track route consequences are normally low, but as
across stations, may cause derailments due to buffer locking. such derailments often happen at stations

. ) . . o they might involve other trains which can
Traction control of mc_)dgrn electric traction units might |nc_|ude _ increase the accident consequences
speed dependent limitations on dynamic braking. Otherwise this severely.
is mainly a matter of good train handling. Uncontrolled
applica;ion of brakes due to an active ATP-system _either due' to Strong regenerative braking through s-
gxceedlng allowable tra_ck speed or from a locomotive not being curves for instance at crossovers also
in frqnt and passing a signal at danger may be a cause for such applies. If the wagons are light behind
derailments. the locomotive then derailments may
The potential for overall derailment frequency reduction by oceur. (In some few cases even the low
removing this cause is approximately 2-3 %, factored by the regenerative brake force of today is still
effectiveness of the measure. The effectiveness of the measure too high).
is a human factors issue, and will be assessed in the context of
the risk model to be developed during Part B.

P-43 ATP Dynamic brake test on route to get information about brake Embedded in ATP and ETCS- None The use of this measure is dependant
performance. system. Actual cost of adding upon the functionality of the ATP-system.

this functionality to the ETCS is Existing ATP-systems of France,
Normal brake tests before train departure does not give direct unknown. Sweden, Finland and Norway supports
information on the actual performance of the train brakes. In the functionality.
order to improve the information to the driver the ATP-system The functionality is not included in the
that is used in Sweden, Finland, Norway and possibly France general ETCS functionality, but is
has a function to test the brakes and get feedback about the included in the Swedish and Norwegian
actual performance of the brakes. Train drivers in Sweden and application. For each brake application
Norway are obliged to use this test at the earliest convenience the driver may get information about the
after train departure from the formation yard. A similar functionality of the brakes and if it is lower
functionality is specified for the ETCS -system of Sweden and than specified in the train dossier he has
Norway which is additional to the general ETCS-functionality. to adjust the train settings accordingly. f
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P# RAM and/or Effectiveness Assessment

Costing Information

Comments

Predicted | Observed

Purchase and Installation

Life Cycle

The overall derailment reduction potential for this measure based
on an accident basis of 100+ derailments seems to be about 2
%, but it can also reduce the collision risk.

P-44 Apply saw-tooth braking. This is a Swiss requirement specified in
their train operating rules, “Fahrdienstvorschriften”

The measure is only of relevance in very long and steep
descents and not a measure that has a general application
outside of the Alpine countries or other countries with long and
steep descents, such as Norway and Spain.

The overall derailment potential is low, but the measure might be
important in countries where it is applied. Human reliability
assessment would be required to estimate the potential benefit

None

None

The effect of this measure is to reduce
overall thermal load on the wheel. It is
mainly applicable in long and steep
descent or in trains with low dynamic
braking capability.

P-45 Initiate braking prior to passing a signal which requires brake
application.

The overall derailment reduction potential for this measure based
on an accident basis of 100+ derailments seems to be about 1-2
%, but it can also reduce the collision risk. The potential risk
reduction benefit needs to be factored by the effectiveness of the
measure. The effectiveness of the measure is a human factors
issue, and will be assessed in the context of the risk model to be
developed during Part B.

None

Increased train running time

For a number of reasons this may reduce
the risk of over-speeding and derailment
in track deviations:

e  The braking action is initiated earlier
and a gentler braking may be
applied not risking derailment due to
train compression at low speed.

e  Lessrisk of forgetting the speed
reduction and running into an ATP
brake application that might cause
derailment.

P-46 The experience of one IM [5] is that it is possible to reduce to
almost zero the incidence of axle failures / hot axle boxes, with
suitable equipment and suitable instructions concerning dealing
with alarms.

The main cost associated with this measure is potential traffic disruption
dealing with false alarms. This is not estimated at present, but is addressed

in general terms in Section 6.0.

See also comments in P-10.

P-47 We are waiting additional information on this measure. However,
we believe that it would assist with visual inspection of wagons
and possibly allow detection of incorrect loading during
preparation.
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Table 8 Performance Assessment for Mitigation Measures

M# RAM and/or Effectiveness Assessment Costing Information Comments
Predicted Observed Purchase and Installation Life Cycle

M-1 Manufacturer’s estimate There have been no false Costing information is No field maintained parts, repair time is to | Training of driver required so that he is
between 500,000 and alarms or known failures with confidential remove and replace — about one hour per | aware of the installation of the device and
1,000,000 MTBF operational | latest device variant which has unit. what to do in case brakes applied.
hours per detector. No been in operation on 50 wagons | Installation time on new wagons
known failures (despite false (200 units) for about 5 years, is negligible, on older wagons Periodic test required — involving inducing | The application of brakes may not be an
alarms) [13] hence 500 years of operation. possibly 3 to 4 hours per wagon. | shock (hitting with hammer) to check appropriate mitigation in all cases, and

[13] [13] operational. may increase the risk of a more serious

M-7 Dragging object / derailment detectors. In the context of derailment detection these devices offer an alternative to M-1. To be comparable however these devices would have to be fitted at a
very high frequency along the track, with high installation costs and maintenance costs. On the basis that the cost would be prohibitive (compared to M-1 we have not considered these
further.

M-2 These measures are excluded from the scope of future assessment during Part B [1] and hence are not required to have an effectiveness assessment allocated to them.

to

M-

56and

M-8

to

M-13
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4.0 Performance Assessment of Future Measures

The following tables are indicative of the information that has been gathered as part of our research and consultation and summarises over 40
responses from infrastructure managers and railway undertakings, and 30 responses from supplier organisations.

Readers of this report are referred to Section 2.0 concerning our classification scheme, limitations and other assumptions regarding the
identification of short and medium term measures.

Table 9 Summary of Potential Future Preventative Measures

Measure Description Effectiveness Timescale
End-of-train In the USA & Canada freight trains are installed with “end of train devices” that are | The potential effectiveness of these devices is reduced in the area governed by | Medium
device in radio contact with the driver, and by radio signal to the unit the driver can apply EU regulation as freight trains are generally shorter than in the USA.
(brakes) brakes on the train in an emergency situation. This can be an essential safety

measure in situations where the brakes of substantial rear parts of the train can However, we propose to establish potential effectiveness criteria based on a

not be applied from the driver’s position. Application of brakes through an end of review of accidents and an assessment of those that such devices may have

train device can also speed up the brake application in an emergency situation. prevented. Should the measure show promise on this basis then additional

information will be sought.

Awareness A concern expressed to us by several IMs was regarding the quality of freight A review of accident reports will indicate the potential improvement that could Short
program and wagons from some countries. In particular that maintenance as well as be achieved trough the implementation of a measure of this type (i.e. the
improved supervision of national authorities of this maintenance is of varying standards. [8, reduction of derailments caused by poor maintenance of freight trains).

maintenance and others]
A periodic safety check, setting of safety limits etc is a possible implementation
method for this measure.

Hot Axle Box | The use of thermo-sensitive chalks or similar to check for hot axle boxes [14] This measure could be useful in visual examination by RUs to detect for hot Short
Indication axles.
Machine These products are designed to detect faults that may occur on freight vehicles Costing information is confidential Medium
vision when they run pass the detection site. Such devices are installed at trackside and
devices employ hi-speed cameras to grab images of the vehicles and these images are Claimed to have MTBF of around 10,000 hours for the mechanical parts and

sent to the computer for processing, comparing and analysis so any fault on the 500,000 hours for the electric parts and an MTTR of less than 10 minutes [4]

vehicle can be distinguished and detected. They detect mechanical failures of the
bogie, dragging objects, coupler faults and may also detect temperature variations
etc. [6, and supplier responses]

Telematics Devices that allow receipt and transmittal of information from / to rail freight The potential effectiveness of such measures will be assessed during Part B Medium
vehicles. Using this technology it is possible to inform the Entity in Charge of following a review of accidents. (Benefits may include for identification of train
Maintenance. Other benefits include verification of train consist and operational formation errors at check points, better communication of maintenance
parameters. [8, 15] requirements etc).
Anti-lock Antilock device for freight cars. A unit of this type is running on container wagons Costing information is confidential Short / Medium
device in the GB. Such devices may help to prevent several undesirable and contributory
causes of freight train derailment, such as increased track wear, wheel flats and Such devices may reduce the incidence of derailments resulting from locked /
overheating axles. They may also provide a local power source for other fractured axles and overheating axle boxes. Data on reliability / effectiveness
monitoring systems. [13, 16] not available at this time.
Sliding wheel | Sliding wheel detectors. These systems detect wheels that are not rotating Costing information is confidential Short / Medium
EXTERNAL Final A3 Report 12 04 MANAGING RISK m
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Measure Description Effectiveness Timescale
detectors correctly and raise an alarm, with similar benefits to the antilock device for freight These systems are described as virtually maintenance free. One supplier
wagons described above. They are currently used in at least Australia, although a | stated that six units have been installed, the first in 2003 with no reported
GB demonstration is planned for 2011 [11]. failures. [11]
Handbrake A handbrake interlock was mentioned in the [17] as a potential new measures. This measure is likely to have prevented the derailment discussed opposite. Short
interlock This followed a freight train derailment at Hatherley, near Cheltenham Spa 18th This is likely to be an engineered solution and requires further assessment

October 2005 where a freight train was running more than 100 km with a wagon
with locked wheels due to a handbrake that was on (see also sliding wheel
detector and anti lock device).

regarding the costs and effectiveness.

EXTERNAL Final A3 Report 12 04
Reference to part of this report which may lead to misinterpretation is not permissible

MANAGING RISK [2107



12 April 2011

Freight Train Derailment: Functional and Performance Assessment Rev 02

European Railway Agency

Page 28
DNV

5.0

51 Preventative Measures

Linkage between Derailment Cause and Mitigation Safety Function

The preventive measures described Tables 5 to 7 and 9 are intended to address freight train derailment causes. Although the linkages between
cause, safety function and individual measures will be studied in depth in Part B, an indicative summary is presented below. The analysis reads
from left to right, starting with derailment cause, safety function (to prevent the derailment cause) and then the measure that performs this function.

Table 10 Link between Derailment Cause and Prevention Measure

Derailment Cause Safety Function Measure P# Comment
Hot axle box detectors P-10
Monitor axle bearing temperature Acoustic bearing monitoring P-11
Machine vision device N/A  Potential future measure
. . Use of thermo-sensitive materials to detect axle temperature condition N/A _ Potential future measure
Axle failure / seizure - - -
Replace metal roller cages with alternative materials P-28
. Use of stronger axles P-29
Prevent Axle Failure .
Derating of axle loads P-37
Inspect axles of freight train rolling stock according to EVIC P-38
Track geometry tests on all tracks P-21
Establish EU-wide limits for track twist P-22
Establish EU-wide limits for track gauge P-23
Maintain track geometry within acceptable limits Establish intervention/immediate action limits for track cant P-24
Track geometry defects / Establish intervention/immediate action limits for track height P-25
failures Continuous supervision of track conditions via rolling stock mounted equipment P-7
Adequate maintenance resources for network P-18 Derailment is one possible consequence
Rolling stock to be Cr;;tf);t;olerant to geometry Increase rolling stock tolerance to track twist defects P-33
Detection of potential superstructure defects  Ground penetration radar P-6
Continuous supervision of track conditions via rolling stock mounted equipment P-7
Rail ruptures / failures Detection of potential / existing rail ruptures Track circuit to detect rail ruptures P-8 Derailment prevention is a secondary benefit
Ultrasonic inspection of rail to detect onset of rupture conditions P-20 Derailment is one possible consequence
Check rail in sharp curves P-1
Flange climb Prevent flange climbing Tragk and flange Iubrlca?lon_ (|nfrasltructure) P-2  Derailment prevention is a secondary benefit
Bogie performance monitoring equipment P-15
Flange lubrication of locomotives P-26 Derailment prevention is a secondary benefit
Rock scree and avalanche protection structures P-3 Derailment is a secondary consequence
Collision with obstructions Prevent collision with obstruction Rock scree‘and avalanche detectors P-4 Dera!lment is a secondary consequence
Level crossing obstacle detectors P-5 Derailment is a secondary consequence
Clear track flange from obstructions P-19 Derailment is the primary consequence
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action when alarm raised

Derailment Cause Safety Function Measure P#  Comment
Points mot\:z?r?ent under Prevent points movement under train Interlocking to prevent points movement whilst track occupied P-9
Monitor wheel / brake temperature Hot W.heel./ .hOt bral‘<e detectors P-12 .
Machine vision device N/A __ Potential future measure
Wheel load / wheel load impact detector P-13
Detect wheel defects Wheel profile measurement systems P-16
Machine vision device N/A  Potential future measure
Wheel structural or profile Replace composite wheels with monoblock wheels P-27
failure Replace tread brakes for disc brakes (reduce heat activation) P-32 Derailment prevention is a secondary benefit
Wheel set integrity inspection programme P-36
Prevent wheel failure Saw tooth braking to limit heat exposure on wheels P-44
Anti-lock device N/A  Potential future measure
Use of trackside sliding wheel detector N/A  Potential future measure
Install handbrake interlock to prevent train movement with handbrake applied N/A _ Potential future measure
Wheel load / wheel load impact detector P-13
Overloading / skew loading Detect improper loading conditions Loadmg gauge mfnngement detectors P-17 Derallr_nent is one possible consequence
- . Machine vision device N/A  Potential future measure
/ improper loading - rn -
Prevent improper loading conditions Use of registered and certified loading personnel P-40
Use of wagon balance to detect overload conditions P-47
Dragging object detector P-14 May also detect derailed axles
) . ) Install under-frame cages to retain brake components P-34
Loose equipment Detect / prevent dragging loose equipment . .
quip P gging quip Regular greasing / check of buffers to prevent them falling off P-35
Machine vision device N/A _ Potential future measure
Wagon/ rolling stock Detect bogie hunt|_ng (steerlng) problems Bogie performance monltorlng equipment P-15 _ _ _ _
failures Better riding quality Increased use of bogie wagons P-31 Derailment prevention is one possible benefit
Prevent safety failures of rolling stock Safety critical maintenance activities to be checked by two persons P-39
Use of central couplers P-30
Train composmoq failures / Reduce compression forces and buffer locking Locomptlve a}nq first wagon to pe in br‘ake posltlon G P-41
buffer locking Operational limit on brake application in certain track geometry P-42
End of train device N/A  Potential future measure
Train braking failure Detect onset of train brake defects Perform dynamic brake testing during operation to detect defects P-43
Overspeeding Prevent overspeeding Initiate braking prior to passing signal to reduce overspeeding risk P-45
Failure to take correct Alarm management Implement / improve alarm management instructions P-46
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5.2 Mitigation Measures

The mitigation measures described in Table 4 are intended to reduce the consequences following a freight train derailment. The analysis of those
based on the derailment detection will be studied in depth in Part B, although an indicative summary is presented below. The analysis reads from
left to right, and assumes a derailment has occurred.

Table 11 Link between Derailment Occurrence and Consequence Reduction Measure

Safety Function Measure M#

Install derailment detection devices (bring train to safe stop) M-1

Install mechanical guides to keep derailed wagon upright M-4

Reduce severity of derailment Install guard rails to control derailed wagon movement at certain locations M-5
Use of checklist (to confirm correct train configuration) M-12

Install dragging object detectors to detect partially derailed wagons M-7

Prevent loss of containment Install tank shielding to prevent penetration M-2

Install warning lights on locomotives M-3/M-13

Install battering rams to provide protection to other structures (bridges etc) M-6

Install deviation points to direct runaway trains to safe derailment place M-8

Prevent secondary collision / accident Provision of radio communications to provide advance warning to other trains M-9
Use of checklist (to require that communication / warning devices are operational) M-12
Separate passenger and freight traffic to reduce likelihood of secondary collision M-10
Restrictions placed on guantity and type of freight traffic in busy locations M-11
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6.0 Assumptions, Data Requirements and Shortcomings

Within this report we have provided statements concerning costs and related factors that
require further detail during Part B. These include:

EXTERNAL Final A3 Report 12 04 MANAGING RISK

Costs associated with service disruptions — for example a false hot axle box detection. The
exact situation will be location specific, and will be dependent on the location of the
detector and also the network configuration. It is likely we will assume that IMs have
considered how such situation may be managed, and as part of their considerations they
have positioned such detectors so that it is easy to remove the particular train from normal
service, therefore limiting delays and knock-on effects.

Cost parameters for accidents need to be established (at least for those not already
addressed in [18]).

Cost parameters for reductions in damage through the introduction of a particular measure.

Average unit labour costs for the installation and life cycle aspects associated with the
introduction of a measure.

In certain cases, data is not readily available for some measures (in particular for measures
such as check rails, the benefits of increased maintenance etc) — and we address each in
turn within the data analysis in the analysis above. Strategies to address such
shortcomings include:

o Discussions with parties who use such measures to establish their views on the
effectiveness of such measures.

o Comparison with similar approaches used elsewhere.
o The use of engineering judgements or data ranges.

o Risk modelling to determine the required effectiveness of a measure to achieve a
cost/benefit ration of unity.

o  Sensitivity analysis.
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7.0 Conclusions and Way Ahead

This report is prepared to present the measures that have been identified to date, and also to
demonstrate the data that is available for each measure. As this report is only an interim data
document we do not draw specific conclusions, but make the following observations.

e Most measures are supported by data, or we have presented a strategy to identify any data
shortcomings. We have established good relationships with many IMs and RUs as part of
this work and we are able to contact them to address such shortcomings where required.

e The list of measures is, we believe, complete and has been advised to us by IMs, RUs,
trade associations and suppliers.

This Part A task, and others within the Part A work programme, will be used as input into Part
B.

We envisage the list of measures discussed within the Part A work programme being
introduced into a risk model which will be developed during Part B. By allocating each
measure a RAM/effectiveness weighting, the benefit that the measure may bring, if more
widely introduced will be judged. Together with the cost associated with the introduction of that
measure, a cost effectiveness assessment will be possible leading to the identification of those
that show most promise.
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0.0 Executive Summary
0.1  Study Scope and Objectives

Det Norske Veritas (DNV) is completing a study on behalf of the European Railway Agency
(the Agency), the objective of which is twofold:

1. Part A has the objective of identifying all prevention and mitigation measures that exist
today or could be implemented within the short term (before 1st of January 2013) or
medium term (ready to be applied or to be introduced in EU regulation within 5 to 10
years). For these measures, Part A work is also required to assess the market status for
technical measures (defined as devices or systems) and establish objective performance
data for the identified measures. The work in Part A also extends to identifying, as far as is
possible, potential long term measures (not expected to be ready to implement within 10
years) as an input to other research projects currently underway.

2. Part B has the objective of analysing the measures identified in Part A with a view to
establishing those that show the most promise from a risk reduction viewpoint. Part B
addresses such measures which are available at the short and medium terms.

The geographical scope for this work is the EU-27 countries plus the 3 candidate countries,
Norway and Switzerland. In addition, the USA and Japan are considered in the scope of safety
measure identification, but limited to the most commonly used safety measures and to the
foreseeable innovations at medium term.

This report concerns the Part A remit associated with identifying, as far as is possible,
potential long term measures (not expected to be ready to implement within 10 years) as
an input to other research projects currently underway. Other work in Part A deals with
the other scope requirements, and is separately reported. It should be noted that this report is
factual in nature and does not seek to make any assessment regarding performance or
effectiveness of the identified measures.

0.2  Methodology and Study Results

Our methodology for establishing the potential next generation of safety measures has
included the following principal activities:

¢ Consultation with infrastructure managers (IMs), railway undertakings (RUs), suppliers and
maintenance organisations seeking their opinions on future generations of freight train
derailment safety measures.

e Review of published research topics and papers addressing the topic of freight train
derailment and/or new technology.

e Consolidation of the information from the above sources, and the identification of those that
may provide a benefit when considering the issue of freight train derailment.

We conjectured that the potential freight railway of the future may:

1. Place a greater emphasis on dedicated freight railway lines, and railway lines more
oriented towards freight traffic.

2. Require heavier, longer and faster freight trains.

The first of these parameters will enable track geometry parameters to be optimised more
towards freight traffic. This will have a positive effect freight train derailment risk.
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The second parameter may require additional safety measures to be considered in order for
the existing safety performance to be at least maintained, and/or improved. Technical factors
that need to be considered include:

¢ Increased axle strength to enable heavier loads to be carried.

e Better braking performance to improve braking performance and reduce in-train forces for
longer trains.

¢ Improved suspension design to reduce track damage that might otherwise result from
increasing speed.

e A more effective and condition based maintenance regime that is able to collect and deal
with pre-fault / failure conditions in a more efficient manner.

We also note in Section 2.0 the emergence of new (in Europe) technology — currently being
tested — which we consider may be the backbone of longer term safety measures.

Taking cognisance of the discussions above, and other issues noted within this report, we have
made the following recommendations for areas that may be useful to consider in the upcoming
research and development project:

1. The applicability of Electronically Controlled Pneumatic Brakes to address some of the
potential requirements for improved train braking performance.

The consideration of an improved design solution with respect to wheels and axle boxes.

Improved suspension design to enable increased train speed and also with a view to
reducing track wear and damage, which is also a causal factor of derailments.

4. The use of freight wagon on-board condition monitoring systems (which would require
electrical power to individual wagons) and the transmission of condition based information
to various actors responsible for operation, maintenance and/or train control.

5. The optimum solution, considering the likelihood of freight train derailment, concerning new
brake block material as may be required by the TSI for Noise.

6. The use of acoustic and imaging technologies (as currently being tested for rolling stock
monitoring) for infrastructure applications.

7. The use of integrated solutions that monitor a range of indicators and directly feed these
back to the various actors responsible for operation, maintenance and/or train control.

0.3  Conclusions and Next Steps

This work reported here has established a set of options that may be applicable to the longer
term development of rail freight safety performance suitable for consideration in the referenced
research project.
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1.0 Introduction

11

Background

This document is prepared against the requirements of the European Railway Agency’s (ERA)
study "Assessment of existing technical and operational measures against freight train
derailments in the Community’s railways”, [1]. The task description for the work reported in this
document is as follows:

The task A.4 will provide data on relevant technologies used for existing technical*
measures and, as far as possible, a description of new technologies which might be
used for future generations of safety measures. Advice for potential inclusion in a
research and development project will be reported with justifications.

In addition to this task report, the following additional reports are relevant and are referred to as
appropriate:

1.2

Task Al, [2]. This document provides information about existing safety measures that are
applied in the railway system to reduce the likelihood or mitigate the consequences of
derailments, and more specifically freight train derailments.

Task A2, [3]. This document provides a market analysis of technical measures that exist,
or may exist in the short or medium terms.

Task A3, [4]. This document provides information relating to the expected performance,
costs and other pertinent information for existing, short and medium term measures.

Definitions

The following definitions are used within this document:

Existing safety measures means currently applied for implementing a given regulation
requirement, or applied on a voluntary basis, [1].

Short term (safety) measure means that the safety measure is ready to be applied or to be
introduced in EU regulation by 1st of January 2013, [1].

Medium term (safety) measure means that the safety measure will be ready to be applied
or to be introduced in EU regulation within 5 to 10 years, [1].

Long term (safety) measures means that the safety measure could only be applied or
introduced in regulation after complementary tests, not achievable within ten years, [1].

A technical (safety) measure is defined as being a device or a specific technical system,

[1].

! Information on technologies for existing technical measures is included in [3] and [4] and not repeated
here
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2.0 Background and Context
2.1  Overview

In order to identify the most relevant and potentially cost effective measures to avoid future
freight train derailments on the European rail network one should also consider the expected
future trends in European rail freight.

Rail routes can be divided into three categories according to their use:
¢ Conventional mixed lines: Shared line between passenger and freight operators.
e Freight dedicated lines: Exclusively reserved for freight-only traffic (few exist today).

o Freight oriented lines: Passenger and freight traffic carried but planning increasingly
oriented towards accommodating freight needs.

At the moment most of the freight traffic operates on conventional mixed line. That is likely to
continue for the near future, but in a longer perspective an increasing amount of rail freight is
likely to operate on lines more dedicated to freight trains or more oriented towards
accommodating the needs of freight traffic, [17]. This is in line with European Commission
recommendations.

The future rail freight market can be divided into 3 broad groups as:
e Block trains/whole trains

e Intermodal trains

e Single wagon load trains

We discuss these issues in Section 2.2 to Section 2.4.

In addition to the issues surrounding the “look and feel” of the future rail freight network, we
should also be aware of the direction that actors in the freight railway sector are currently
pursuing with regard to safety. We see through our research, as reported below, a move away
from monitoring of fault conditions to a more condition / preventative based regime where pre-
fault conditions are detected. In addition, a more integrated approach to management of this
information is also being pursued. We discuss this issue in Section 2.5.

2.2 Block Trains / Whole Trains
2.2.1 Existing Situation

The customer will choose a block train when the quantity of his goods can fill a whole train. A
block train therefore consists of goods from one shipper compared to the single wagon load
train which can have multiple shippers. The length of a block train varies but normally it is
between 400 and 700 meters. There are ongoing tests around Europe which aim to increase
the maximum length of a block train up to 1,000 meters.

Common commodities for block trains include: iron ore, coal, other minerals as well as
aggregates, timber, chemicals and petroleum products, agricultural products like grains and
beans, steel and automotive transports. The wagons can either belong to the customer, wagon
keepers’ e.g. chemical wagons, or are rented by the railway undertaking; in either case, a high
use of the wagons is the most cost effective since the wagons are very often dedicated to a
special business.

Normally the block train transport is carried out by fixed rolling stock in dedicated operation
between a small number of loading/unloading locations. No shunting (or at least a minimum) of
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the wagons at marshalling yards is necessary. In general these trains normally have a
homogenous train composition, either full loaded or fully empty.

2.2.2 Possible Future Situation
The most likely changes in the future are:

e Increased axle load allowance with increased weight/unit train length, as applied in the
example below.

e Increased use of central couplers to allow heavier trains and increased traction forces, as
used for example in the USA to deal with increased load requirements.

New and specially designed wagons may be required to implement the desired changes. As
an example, the Swedish/Norwegian iron ore line between Narvik and Lulea has been
strengthened to allow 30 tonne axle load and 12 tonnes / meter. The crossing loops have been
lengthened to allow train lengths of 750 meters. The resulting nominal train weight is 8,160
tonnes, exclusive of locomotive, with 68 wagons per train.

In terms of derailments the block trains are generally less accident prone than the intermodal
trains or the single wagon trains due to a more homogenous composition’. An increase in
axle load would normally require new axles dimensioned for the increased load.

Whole train transport of automotives has many of the same performance characteristics as
intermodal transports due to a high volume low weight load.

2.3 Intermodal Transport
2.3.1 Existing Situation

Intermodal transport relates to cargo that can be carried and transferred between transport
modes, in particular rail, road, sea or waterway. Many intermodal trains operate nationally, but
a large proportion also operate internationally over very long distances along an international
route affecting many countries. Intermodal transports are a growing rail freight market.

The intermodal train has a less homogenous composition compared with the block train and is
more comparable to the single wagon train.

Ports are interchange hubs between rail and ship transport. Intermodal terminals are
interchange hubs between rail and road traffic. They are fitted with all the equipment required
to handle and transfer loading units from one transport mode to the next in a rapid and efficient
manner. These include gantries and mobile cranes, modern computer systems integrating
tracks, storage areas, trans-shipment areas and connections to roads and motorways. The
trans-shipment is normally by lift-on lift-off operation but can also be roll-on roll-off.

The most common cargo carriers are:

e Lorry. Lorries make it possible to provide a door-to-door service, as they cover the short
distances separating factories and terminals. They enable the major advantages of road
haulage to be tapped, i.e. a network that reaches further and is denser.

e Container. Containers lead to better logistical management of the areas used for loading
and unloading goods, since their rigid structure enables up to six of them to be stacked in
one pile. Container lengths have been standardized at between 20 and 53 feet.

% The situation is different with respect to auto-transport block trains with single axle wagons with a low
wheel base. Experience shows that these wagons are more prone to derailment due to track geometry
features.
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e Swap body. Swap bodies are standardized loading units equally suitable for carriage on
road vehicles or railway wagons. The swap body can be used in a broad range of
situations, are simple in design and inexpensive. This form of conveyance has been highly
successful and is currently one of the most widely used transport systems on the market.

e Semi-trailer. While semi-trailers are more costly and heavier, their advantage is that they
can be coupled directly to a tractor and do not require a road chassis, unlike containers and
swap bodies.

¢ Rolling road (Rollende Landstrasse). In the rolling road concept lorries are carried on
purpose-built low-floor wagons, while drivers travel in seated accommodation or
couchettes. Transshipment between road and rail takes place at terminals where the lorries
are driven onboard using mobile ramps. The lorries are subject to specific conditions
resulting from the category and clearance gauge of the line worked. Rolling road services
are limited to set routes, particular covering routes with difficult road conditions or high road
tariffs.

o Intermodal rail freight wagons. There are different wagons available for combined
transport purposes. Those most commonly used are flat wagons, fitted with scotching
systems for swap bodies and containers, as well as base plates for swap bodies. Wagons
used to carry semi-trailers have very low floors and recesses to accommodate the wheels.

The most common type of wagon for intermodal rail (combined transport) is a 60 feet 4-axle
bogie wagon that is particularly useful for transport of the heavy sea containers. The same
applies to various types of 6-axle bogie wagons. There also exist a high number of 2-axle
wagons with a long wheel basis which are more adapted to domestic intermodal traffic with
swap bodies for high volume products.

2.3.2 Possible Future Situation

A significant new building of rolling stock for intermodal transport is expected over the coming
years to account for traffic growth and to replace old wagons. Hence, it is possible to introduce
new solutions and technology if such can improve the competitiveness of rail freight. The
expected development from 2005/08 towards 2015 is subjectively indicated in Figure 1, [16].

Future

CT-volume | Efficiency aain;
production systems

wagon management

Current
CT-volume
"'""'--....____ Replacement
T — need
Current
wagon fleet
2005/8 2015 and beyond

Figure 1: Expected Development of EU Rolling Stock Need for Intermodal (CT) Transport

&
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The growth projections indicated in Figure 1 got a severe setback in 2009 due to the financial
crises, but a large part of the loss is regained in 2010, and Figure 1 might still be a possible
future growth scenario albeit with some delay. Continued growth is expected in the rail
transport of intermodal carriers and this capacity increase can be satisfied in several ways:

e Increased train size.
¢ New and more effective intermodal wagons.

e Increased number of trains / Increased train speed so intermodal trains to a larger extent
can follow the same overall speed as passenger trains.

2.3.2.1 Increased Train Size

The size of intermodal trains is often restricted by train length due to a low weight/unit length
whereas an increased train size requires longer trains. Provided the infrastructure is suited to
allow longer trains it is likely to be cost efficient for the railway undertakings to compose as
long a train as is possible in order to utilise the traction capabilities of modern traction units. A
long train length is attractive in order to reduce the unit cost of the transports. When increasing
the maximum length of intermodal trains from today’s maximum of 700 — 835 metres,
depending on country, it will be beneficial to improve the braking system such that brakes are
applied simultaneously along the whole train. A system to achieve this is electrically
controlled pneumatic (ECP) brakes.

The same situation applies for automotive wagon block trains. The available loading volume is
normally more restricting than the maximum allowable axle weight or meter weight of the train.
Hence, they will benefit from the same measures as the intermodal transports.

2.3.2.2 More Effective / Cost Efficient Loading Platform

The loads per unit carrier length for intermodal transports are in general much lower than for
mass transport of bulk commodities and also somewhat less than for general wagon load
transport. Hence, the most cost effective freight wagon for intermodal transport carriers will
often be a 2-axle wagon with a long wheel base. Two-axle wagons are available today
weighing 13 tonnes with a load bed length of 15.88 metres that can handle a 27 tonne load
with a maximum allowable speed of 160 km/h. Even higher loading capabilities might be
available for a lower maximum speed, e.g. 30-32 tonnes loading capability at 120 km/h.

Railway undertakings and shippers will normally look for the cheapest way of providing a
certain length of loading platform for the various swap bodies. A two-axle wagon can therefore
be a very attractive intermodal carrier platform for high volume units with low or intermediate
weight. In particular if it can be combined with an increased allowable speed.

2.3.2.3 Increase Track Capacity / Number of Trains

A key factor to increase the track capacity is to reduce the speed difference between freight
trains and passenger trains, in particular if passing loops are not long enough to allow
passenger trains to overtake freight trains. In order to allow significantly higher train speeds of
intermodal trains the following improvements seems essential:

¢ More effective braking systems e.g. ECP-systems.

e Improved suspension to limit the freight wagon dynamic loads on the track by
increasing train speed.

Both measures may also contribute to a reduction in derailment risk (or avoid an increased
derailment risk) due to increased volume of intermodal transport.
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2.4  Single Wagon Load (SWL) Operation
2.4.1 Existing Situation

The single wagon load operation is the traditional operation of moving a single wagon load of
rail freight from A to B. Logistically the SWL system is comparable with a “hub and spoke
system” (a system where all goods are brought into a central point — the hub — for sorting and
distribution out from the centre in all directions). It is a network system which consists of
customer sidings, stations and marshalling yards:

o If the customer at A has railway tracks, the operator will send a feeder service to collect the
wagons (and give the customer empty wagons to fill). These are then hauled or pulled to a
marshalling yard (assembly point for the goods to compromise a wagon load).

o |If the client at A does not have railway track access, he will transport the goods to a
terminal by truck where the goods are loaded onto a railway wagon and then brought to the
marshalling yard.

e In the marshalling yard further wagons (from other customers) are added and the train is
built up for departure to the next hub / marshalling yard in the network. All departures within
the network are scheduled and depart at predefined times.

e The wagons are transported from one hub/ marshalling yard to another and wagons are
added and taken away at each stop.

¢ Once the wagon has reached the hub nearest to its destination, it is taken off the train and
is transported either by truck or by track to the final destination B.

SWL is a very flexible system which gives the customer full adaptability in terms of dispatch
volatility, with the client choosing how many wagons he wants to dispatch. From one day to
another the quantity of dispatched wagons can vary. He can decide when to load the wagons,
which is a major benefit compared to the intermodal concept where trucks often use a time slot
loading system with penalties if they cannot dock at the right time. As the routes are fixed in
advance, the customer can as soon as he needs to, add wagons to a train.

With an annual freight volume of around 100 billion tonne kilometre, SWL accounts for
approximately 50% of Europe’s total rail market today. Currently, the international market share
is far smaller than the domestic market share.

The SWL train operation requires full interoperability between the various types of rolling stock;
however, this type of freight train operation also has important unfavourable characteristics:

e The SWL train operation is characterized by high cost level with many costly shunting
operations and frequent changes in train composition.

e The frequent re-composition of trains by shunting operations may also result in a high
degree of damage to sensitive loads and transport of sensitive cargo is transferred to other
transport modes.

e The frequent re-composition also results in a very low overall transport speed partly
resulting in high cost due to low wagon productivity, partly making rail less attractive for
perishable goods and for goods with a high value or just in time operation.

e Due to the above factors SWL train transport has lost market during later years, in
particular in international transport.
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2.4.2 Possible Future Situation

The SWL rail transport operation is not likely to grow in the future due to the high cost basis
and low average speed (although there could be an increase in international SWL operation if
the market is found attractive by international railway undertakings operating in several
countries). Significant parts of today’s SWL national market are likely to be replaced by block
trains, or intermodal transport by swap bodies where the rail transport is replaced by road
transport for the initial and/or last leg of the transport chain. In some countries (e.g. Norway)
the general SWL transport has been abandoned apart for some international customers.

Hence, the amount of investment in this market segment is likely to be low. Significant
technological changes, if any, in a 5-10 years perspective is likely to be driven by regulatory
requirements, e.g. TSI for Rolling Stock Noise 2006/EC 23.12.2006 L 37 (2006) and TSI of
Telematic Applications for Freight Services 62/2006/EC 23.12.2005 L13 (2006). If the
regulatory driven measures are costly to apply the result may be removal of services and
further reduction in the amount of single wagon freight transport.

2.5  Freight Train Derailment; Technology Status

In our report [2], we identify the existing technological solutions that seek to minimise freight
train derailments. We note that most of this technology has been in existence for a long period
of time (for example, hot axle box detection systems have been used since the 1960’s and are
still used extensively today).

In our reports [3] and [4] we identify the recent emergence of new technological solutions that
seek to address the problem of freight train derailments in the short and medium terms. This
includes

e Acoustic bearing monitoring installations.
e Machine vision devices.
e Telematics installations.

We have no reason to suspect that these emerging technologies will not be around for a long
period of time, and therefore it is likely that these technologies and variants of them will be the
backbone of longer term developments in the railway sector.

One development is that these new systems are more focussed on condition monitoring, the
automation of data acquisition and efficient transfer of information between actors. In this
respect it is noteworthy that our analysis of freight derailments has indicated a significant
number that are caused by defects which are known about, but have not been rectified in
sufficient time. Better use of condition based information, and the direct transfer of this
information to the organisation responsible for dealing with these defects, may help in this
respect.
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3.0 Study Methodology
3.1 Summary

Our methodology for establishing the potential next generation of safety measures has
included the following principal activities:

¢ Consultation with infrastructure managers (IMs), railway undertakings (RUs), suppliers and
maintenance organisations seeking their opinions on future generations of freight train
derailment safety measures.

o Review of published research topics and papers addressing the topic of freight train
derailment and/or new technology.

¢ Consolidation of the information from the above sources, and the identification of those that
may provide a benefit when considering the issue of freight train derailment. This
consolidation is made taking cognisance of the discussion provided in Section 2.0 above.

3.2 Consultation

Our first approach to establishing the possible existence of future safety measures was to ask
the railway industry for their views of developments in the area of freight train derailment.

We did this through a questionnaire, with each questionnaire providing recipients with the
opportunity to indicate their views on future generations of freight train derailment safety
measures. To date we have received 72 consultation responses, although not all respondents
took the opportunity to respond to this question. Where positive responses have been
received in relation to this question we report these in the following sections of this document.

However in order to present a balanced view, we also need to report that a significant number
of respondents have stated their opinion that:

e Technology and products to prevent derailments are already in the market, and the only
action required is the more widespread use of these.

e It is not a technological problem that needs to be addressed; rather it is an information
management issue that needs to be addressed (i.e. the better handling and prioritisation of
precursor safety information that is already available).

e The further reduction of freight train derailments is a matter of maintenance — and a
consistent approach to maintenance standards and compliance should be the focus - not
new technology.

e That the situation is currently satisfactory and no new mandatory measures are warranted.
3.3 Internet Research and Other Information Sources

In addition to the views of the railway industry, we have sought to identify solutions and
technology that may be emerging in the academic and research fields. This work has involved
internet searches and the interrogation of railway safety research databases, for example:

e Study of railway research organisations web-pages to identify programmes and initiatives.

e Examination of research sponsors web-pages and review of completed research
programmes.

e Internet searches using keywords and phrases for doctoral research thesis and other
relevant papers and articles.

HES

DNV Study - Final A4 Report - 20110419 MANAGING RISK

Reference to part of this report which may lead to misinterpretation is not permissible



19 April 2011
Freight Train Derailment: New Technologies and Approaches Rev 02 Page 9
European Railway Agency DNV

4.0 Potential New Safety Measures

4.1  Freight Train / Wagon Based Developments
4.1.1 Electronically Controlled Pneumatic (ECP) Brakes
Application status of ECP-brakes:

We have noted the possible benefits of this technology in Section 2.3.2.1, and have received
guestionnaire responses discussing this technology, [5], [6].

Application of ECP-brakes in freight trains is a technology that can reduce derailment
frequency. The technology for ECP-brakes is mature and such brakes are applied in
passenger trains and in block trains for freight in Spoornet, South Africa and by Burlington
Northern Santa Fe (BNSF) and Norfolk Southern (NS) in the USA. ECP-brakes in freight trains
would reduce the longitudinal forces in the train during braking and brake release, and in
particular for low speed braking it would significantly reduce the risk of derailment.

Economic benefits of ECP-brakes:

The safety advantages are unlikely to be sufficient to motivate a change to ECP-brakes, but
there are significant operational cost benefits of an ECP-system. Assessment reports by
Federal Railroads Administration (FRA) in the US indicates a good economic rate of return for
transition to ECP-brakes, in particular for high performance rolling stock, e.g. freight wagons
and traction units for fixed block trains in heavy haul or similar operations, [7].

However, since investment costs and economic rewards may not be equally distributed among
infrastructure holders, railway undertakings and wagon keepers it is indicated by the FRA that
regulatory support might be necessary to help the implementation of an otherwise financially
and logistically sound measure, in particular for general freight, [7].

The highest benefit cost ratio is for high performance train units with fixed train composition
which requires few coupling/decoupling operations.

Implementation strategy of ECP-brakes:
An implementation of ECP brakes will probably be carried out along the following sequence:

1. Heavy haul and/or block trains with little or few changes in train composition. Spoornet (SA)
uses ECP-brakes for all coal trains operations between Ermelo - Richards Bay, the world’s
largest coal export facility. BNSF & NS are applying ECP-brakes for long distance heavy
coal trains in the US.

2. Intermodal trains with relatively fixed composition where loads are lift off lift on or drive on
drive off. Intermodal trains have a very low unit length weight (approximately 2 tons/metre.
Train size for intermodal trains is more likely to be restricted by train length than by weight
and traction capacity. Use of ECP-brakes may allow longer train lengths and hence also
higher train weights.

3. General single wagon freight operations where the trains are built up and broken down at
shunting yards for each and every run is where the cost of introducing ECP-brakes are the
highest and the benefits the least. Single wagon load operation involves a high number of
low utlilisation freight wagons, and the normal operation requires frequent
coupling/decoupling of wagons. Depending on the signal transmission solution this may
require frequent coupling/decoupling of a control cable with the risk of functional problems.

A general application of ECP-brakes in European freight traffic requires that ECP-braking is
covered by the TSls for rolling stock wagons and traction units in order to maintain the
interoperability features.
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Interface with existing pneumatic brakes:

Today there exist a number of different technologies and solutions in relation to the control
interface with existing brake systems as well as for transmission of control signals.

Three different solutions exist with respect to the interface with existing brake systems:
1. Overlay (Add on)

With an overlay ECP the pneumatic brake system can operate as prior to the ECP-
installations. After a train has been coupled together a decision can be made with respect to
selection of brake system operating mode. An ECP-equipped train can be hauled by a non-
ECP-equipped traction unit and vice versa. This is very convenient in a conversion phase when
all freight wagons already have the pneumatic installations.

While an overlay system's dual mode capability provides significant flexibility, railroad
operators must purchase, install, and maintain equipment to support both types of brake
systems for as long as dual mode capability is required.

2. Emulating

The emulating solution is a more complex transition solution, but can render savings for new
rolling stock.

Emulation configurations use a control device capable of operating in either ECP or
conventional mode without requiring conventional pneumatic controls. One manufacturer has
provided an emulation ECP brake valve that monitors both the digital communications cable
and the brake pipe for a brake command. If an electrical signal is present, the ECP brake valve
operates in ECP brake mode. If the electrical brake command signal is not present, then the
valve will monitor the changes in the brake pipe pressure like a conventional pneumatic control
valve and the control device will use a software program to emulate the function and response
of a conventional pneumatic valve. An emulation ECP brake system can be operated in any
train with any mix of emulation ECP and conventional brake systems. In a mixed train, the
emulation ECP brake system will monitor the brake pipe for pressure changes and set up
brake cylinder pressure like a conventional pneumatic valve. /8/.

3. Stand alone (Pure ECP or all Electric)

For the stand alone solution one could do away with the compressed air system altogether,
replacing this with a Pure ECP or all Electric system. (However the complete removal of the
compressed air system may involve a large task to qualify the new technology for freight
applications. Therefore the compressed air main line of the train may be maintained for safety
reasons and emergency brake operations.)

In a stand alone ECP-system there are no requirements for interoperability with today’s
pneumatic brakes. We note that all electric systems have so far only been implemented as a
test operation on a small scale.

Technology for signal transfer:

Two technologies exist for transfer of ECP-brake signals:

1. Control signal transmitted on cable, which can also transmit electric power along the
train.
2. Wireless (radio transmitted) control signal.

The first is clearly advantageous for fixed train compositions with few coupling/uncoupling
operations. The wireless solution will have an advantage for general wagon load freight
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operation with frequent train building and train brake up operations. Trackside repeater stations
might be necessary in rugged terrain and in tunnels with wireless control signal technology.

4.1.2 Improved Design Specifications and Maintenance Methods and Programs for Wheel
Sets

In Section 2.2.2 we identified a possible requirement for an increase in axle load. Further, a
significant proportion of today’s freight train derailments are due to failures of wheel sets,
comprising wheels, axles and axle boxes.

In most European countries many of today’s axles also limit the axle load that can be utilised
for freight wagons. The time therefore seems ripe for replacement of axles and development
work in order to improve axle design standards, as well as methods for inspection and
maintenance of axles.

In this respect a group of 23 partners under the leadership of UNIFE — the European rail
industry association - has recently initiated a 3 year R&D project named Euraxles, [9]. Partners
in the project include: 6 axle manufacturers, 4 RUs/IMs, 2 system integrators, 2 technology
suppliers, 5 universities, 2 rail sector association and 1 consulting firm.

Among the objectives of the Euraxles project are:

1. To commonly agree at the European level on an innovative axle design approach,
including a risk analysis method which, similar to limit state analysis, could offer a
simple design route by combining loads with difference occurrences including loading
specificity of vehicles and service conditions together with the axles’ resistances
(fatigue limit, fatigue life, fatigue under corroded conditions due to coating failure),
including new materials and methods in order to predict the ‘failure probability’.

2. To develop:

e improved axle protection against corrosion, including ex post facto protection of
already corroded axles;

¢ improved adhesion of coatings with a study of the roughness influence (adhesion
and fatigue behaviour); and

e new, innovative coating solutions, developed in public-private partnership between
companies and universities. The new solutions have also to fulfil environmental
requirements to avoid or limit Volatile Organic Compound emissions.

3. To evaluate new/improved Non Destructive Testing inspection methods that allow the
in-service inspection of axles in order to guarantee safe service conditions with a low
impact on the vehicle availability. This work will mostly be based on a benchmark of
existing and/or innovative solutions.

RAMS and LCC analyses undertaken in the Euraxle project will allow a cost benefit
comparison of the proposed solutions for an optimised market uptake.

With the achievement of its objectives, Euraxles will allow reliable decisions to be made on
axle maintenance and critical safety service intervals. This will also have positive impacts on
the environment and on the European industries’ competitiveness as highlighted in the
European Rail Research Advisory Council’s Strategic Rail Research Agenda 2020: “The safety
of the European railways is of prime importance not just in terms of the loss of life when a
major rail accident causes, but also in terms of the operational cost of degraded mode after
accidents and incidents even when no one is injured which undermines the business case for
railways”.
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Similar multiparty research projects to the Euraxle project could be developed for wheels and
axle boxes in order to develop improved design solutions, dimensioning criteria, inspection
methods and operating limitations for the above mentioned objects. Such a project is likely to
be able to provide new standards for within a time span of 5 — 10 years.

4.1.3 Improved Freight Wagon Suspension
In Section 2.3.2.3 we noted the possible requirement for improved suspension.

The most frequently utilised suspension types on today’s freight wagons are generally of a
relatively old design with less than optimal performance, in particular at high speed, but also
under curvy track conditions.

With today’s calculation models it is possible to improve the freight wagons suspension
significantly both for an increased speed as well as for curvy track. As an example Green
Cargo has acquired a new type of 2 axle container wagon for mail transport weighing 13
tonnes with a loading base of 15.88 metres, with a design speed of 160 km/h, [10].

Even though the main effect of an improved suspension system for freight wagons will be
reduced rail and wheel wear, it may also reduce the derailment frequency, in particular under
the following conditions:

e Track height failures and cyclic tops under high speed conditions
e Track with narrow curves, also covering high cant and twist conditions.
Among the changes that can be foreseen are:

¢ New or improved suspension damping elements improving the damping conditions of the
suspension while reducing suspension friction.

¢ Axle supports that allow an improved radial orientation of axles through curves (particularly
welcome for two axle wagons with long wheel base).

4.1.4 Telematic Supervision of Freight Wagon Performance

We have included the use of Radio Frequency ldentification (RFID) tagging and alternative
telematic solutions in our reports [3], [4] as a potential medium term measure. Further
possibilities exist for longer term measures, as discussed below.

Based on present day IT-technology there are possibilities for improved supervision of on route
performance of train rolling stock, [11], [12]. Existing solutions have mainly been towards
trackside detectors but, if freight wagons can be provided with a reliable source of electric
power, parts of the existing supervision could be moved from trackside to rolling stock with
improved supervision performance. Further the number of parameters to supervise can be
increased.

Electricity supply can be provided by various solutions:

e Solar panels with battery package onboard every car.

e Power generator attached to one of the wagon axles with battery package.
e Electric cable along train as part of ECP-brake solution.

Among the parameters to supervise can be:

e Load distribution in order to detect overload or skew loading.

e Bearing temperatures and vibrations.

e Brake functioning in relation to brake tests.
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e Vibrations and wheel impact loads due to wheel out of roundness, wheel damage and
wheels flats.

o Blocked wheels when train is moving.

e Level, temperature and pressure of liquids and compressed cargos including hazardous
materials cargo.

Communication about the individual freight wagon performance is sent to the locomotive and
train driver and other relevant parties:

e Traffic controller

e Railway Undertaking

¢ Entity in charge of maintenance (ECM)
¢ Wagon keeper

In order for such technology to be utlised for the maximum benefit a communication protocol is
required. The communication protocol developed through TSI for TAF (Telematics Application
for Freight services) and the RFID-technology has an interoperability objective and is not
sufficient to serve the communication needs of an extended telematics application, but it is a
start that could be extended over time.

4.1.5 Other Important Future Technology and Regulation Changes
4.1.5.1 Train Braking

The approved TSI for Noise will require changes in braking equipment for new and existing
wagons. Existing tread brakes with cast iron brake blocks are not able to meet the TSI noise
requirements at stations and in cities. Alternative solutions are:

e Tread brakes with composite blocks of the following types:
o LL-blocks, which can directly replace existing cast iron blocks.
o K-blocks, requiring some modifications to the brake system.
e Disc brakes for new wagons.
The latter is the most costly solution, also for new wagons, but with lower operating costs.

Even though the brake type is not directly a derailment factor it can affect the derailment risk in
many ways by having an influence on the following factors:

¢ Velocity independent retardation values.
o Wheel temperature and risk of wheel damage.
e Wheel locking and development of wheel flats that can cause hot axle boxes.

Advantages and disadvantageous exist for all solutions but it is not obvious what is the best
solution with regard to derailment risk.

4.2 Infrastructure Developments

Infrastructure developments / installations fall into two categories:

1. Installations that monitor rolling stock.
2. Equipment that monitors / checks the status of the infrastructure itself.
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4.2.1 Rolling Stock Monitoring

We have noted in Section 2.5 the longevity of installed technological solutions in this category,
and also the recent testing of new safety measures based on novel technology (acoustic
bearing monitoring and machine vision devices) in the railway environment.

These new technologies are, to the best of our knowledge, the nearest to (voluntary)
implementation in the European context. Should such systems be installed they are likely to
form the next generation of safety measures and evolve and improve over a long time period.
Other than these, we are not aware of revolutionary new safety measures based on different
technologies.

4.2.2 Infrastructure Monitoring

Advances in electronics, component reliability and wireless technology make it possible for
Unmanned Measuring Systems (UMS) to operate autonomously on standard rolling stock in
regular revenue service. Data is automatically collected and transferred via cellular or Wi-Fi
networks to a central data storage where it is processed and key information is reported to
staff.

New technologies, such as the automatic recognition of rail and track surface defects using
vision systems, enhanced ultrasonic and laser-based inspection of rails for internal defects, are
able to provide information on hundreds of parameters to control the railway infrastructure from
permanent way to overhead line and from bridges to tunnels.

Such technologies may work with or in part replace traditional technology in the longer term.
4.3 Integrated Solutions
4.3.1 Information Management

An interesting opportunity is the ability for the linking together of a number of existing and new
technologies to provide real-time, fully integrated railway solutions.

For example, the InteRRIS® [14] system collects and analyses 170 wayside detectors world-
wide (acoustic bearing detectors, angle of attack detectors and machine vision wheel profile
monitoring systems) and produces event alerts for trains passing these detection installations.
It is claimed that the total fleet size of subscribers to InteRRIS® exceeded 1 million rail vehicles
in 2009.

It is further claimed that freight train derailments caused by broken wheels have reduced by
16% and derailments caused by roller bearing failures have reduced by 35% since this system
was introduced.

The introduction of such a system in Europe may require:

e RFID tagging (or similar, see [3]) of freight wagons enabling their identification when
passing a detection site.

o Detection systems wayside to detect defective rolling stock at discrete points

e Transmission systems wayside to capture and transmit running information to the
appropriate organisations.

An alternative approach may be the use of on-board the rolling stock condition monitoring (see
Section 4.1.4) and wireless communication or through the possible use of satellite tracking
systems such as the GaWaloc / GALILEO wagon tracking system, [15].
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4.3.2 Rolling Stock Development

Considering the integration of rolling stock solutions, it may be appropriate to consider a
package of solutions that may include:

e A change to ECP brakes (most likely for fixed formation trains).

e A move towards automatic central couplers similar to those used in passenger traffic in
order to limit the amount of additional couplings that have to be carried out.

e As electricity would be available along the train it would be worthwhile to consider
increasing the amount of onboard supervision (e.g. bearings, wheels) and the sider use of
telematics equipment.

However, problems that may have to be overcome include:

e Present day automatic central couplers used for passenger trains may not be strong
enough to be used in heavy freight trains.

¢ Reliability considerations in relation to the higher number of couplings of freight trains
compared with a passenger train.
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5.0 Conclusions
5.1 Summary of Possible Future Requirements and Observations

In Section 2.0 we identified the framework in which future freight train derailment safety
measures may need to operate. These were considered to be:

3. A greater emphasis on dedicated freight railway lines, and railway lines more oriented
towards freight traffic.

4. A requirement for heavier, longer and faster freight trains.

The first of these parameters will enable track geometry parameters to be optimised more
towards freight traffic. This will have a positive effect freight train derailment risk.

The second parameter may require additional safety measures to be considered in order for
the existing safety performance to be at least maintained, and/or improved. Technical factors
that need to be considered include:

¢ Increased axle strength to enable heavier loads to be carried.

e Better braking performance to improve braking performance and reduce in-train forces for
longer trains.

e Improved suspension design to reduce track damage that might otherwise result from
increasing speed.

o A more effective and condition based maintenance regime that is able to collect and deal
with pre-fault / failure conditions in a more efficient manner.

We also note in Section 2.0 the emergence of new (in Europe) technology — currently being
tested — which we consider may be the backbone of longer term safety measures.

5.2 Railway Industry View

The requirements and observations presented above are partly informed by the industry
research and consultation we have discussed in Section 3.0. However in order to present a
balanced view, we also need to report that a significant number of respondents to our
consultation have stated their opinion that:

e Technology and products to prevent derailments are already in the market, and the only
action required is the more widespread use of these.

e |t is not a technological problem that needs to be addressed; rather it is an information
management issue that needs to be addressed (i.e. the better handling and prioritisation of
precursor safety information that is already available).

e The further reduction of freight train derailments is a matter of maintenance — and a
consistent approach to maintenance standards and compliance should be the focus - not
new technology.

e That the situation is currently satisfactory and no new mandatory measures are warranted.
5.3  Our Recommendations

Taking cognisance of the discussions above, we have made the following recommendations
for areas that may be useful to consider in the upcoming research and development project:

1. The applicability of Electronically Controlled Pneumatic Brakes to address some of the
potential requirements for improved train braking performance. (See Section 4.1.1.)
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2. The consideration of an improved design solution with respect to wheels and axle boxes.
(See Section 4.1.2))

3. Improved suspension design to enable increased train speed and also with a view to
reducing track wear and damage, which is also a causal factor of derailments. (See
Section 4.1.3))

4. The use of freight wagon on-board condition monitoring systems (which would require
electrical power to individual wagons) and the transmission of condition based information
to various actors responsible for operation, maintenance and/or train control. (See Section
4.1.4))

5. The optimum solution, considering the likelihood of freight train derailment, concerning new
brake block material as may be required by the TSI for Noise. (See Section 4.1.5.1.)

6. The use of acoustic and imaging technologies (as currently being tested for rolling stock
monitoring) for infrastructure applications. (See Section 4.2.2.)

7. The use of integrated solutions that monitor a range of indicators and directly feed these
back to the various actors responsible for operation, maintenance and/or train control.
(See Section 4.3.)
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0.0 Executive Summary
0.1 Introduction

In 2009 the European Railway Agency (the Agency) issued a recommendation (ERA/REC/01-
2009/SAF) on a specific proposal, made by the RID Committee of Experts, for a new
harmonised rule aimed at reducing the consequences of freight train derailments, potentially
involving dangerous goods (DGs). The recommendation concerned the potential use of a
Derailment Detection Devices (DDD'). This device automatically applies the brakes on a
freight train when a derailment of a wagon equipped with that device is suspected.

Although the Agency’s recommendation was that the DDD should not be adopted in the RID it
was agreed that alternative prevention based measures should be further explored before
deciding on imposing, by law, measures based on derailment detection.

Therefore recognising that freight train derailments remain a safety and operational concern,
and following a request made by the European Commission, the Agency has commissioned
further work with the objective of which is to carry out an exhaustive analysis of all prevention
and mitigation measures which could reduce the risks related to freight train derailments.

Det Norske Veritas (DNV) was selected by the Agency to contribute to this work, the results of
which are presented in this and related documents.

0.2  Project Scope and Objectives
The study is divided into two distinct research stages: Parts A and B.

Part A has the objective of identifying all prevention and mitigation measures that exist today or
could be implemented within the short term (before 1st of January 2013) or medium term
(ready to be voluntarily applied or to be introduced in EU regulation within 5 to 10 years).

Part B has the objective of analysing the measures identified in Part A with a view to identifying
those that are the most efficient. Part B is scoped to include all prevention measures but is
limited to mitigation measures based on derailment detection.

The scope has been directed towards identifying preventive and mitigation measures related to
freight train operation. Shunting or marshalling operations have not been considered to the
same degree as such operations have a lower consequence potential.

The geographical scope for this work is the EU-27 countries plus the 3 candidate countries
(Turkey, Macedonia and Croatia), Norway and Switzerland (hereafter called the target
countries). In addition, the USA and Japan are considered in the scope of safety measure
identification, but limited to the most commonly used safety measures and to the foreseeable
innovations at medium term.

0.3  Methodology
0.3.1 Part A: Measure ldentification

Part A work sought to identify the existing use of freight train derailment risk reduction
measures (technical, procedural or organisational) through a range of activities. These
included:

« Direct consultation with a large number of Infrastructure Managers, Railway Undertakings,
Wagon Owners, supplier organisations, industry bodies and other actors.

' DDDis an acronym used to refer to a type of detector which automatically activates train brakes when
a derailment is detected based on detection of wagon acceleration. Device type EDT-101 is an example
of such a device.

HES

Final Part B Report Rev 2.doc MANAGING RISK DNV

Reference to part of this report which may lead to misinterpretation is not permissible



20 October 2011
Freight Train Derailment: Part B Final Rev 2 Page
European Railway Agency DNV

* In-house knowledge, literature and internet research.

Activity in this work package also included the identification of the existing application scope of
identified measures, and also the collection of market and performance data for these
measures.

0.3.2 Part B: Measures Assessment

Part B considered the problem of freight train derailment and its causes, and then how the
measures identified in Part A could be used to improve the situation. This room for potential
improvement can be achieved either through the wider use of existing measures, or the
application of new measures.

These objectives were achieved through a series of tasks that included the following:

* Comprehensive review of freight train derailment accidents to establish their causes and
consequences.

« The development of risk models to quantify the causes and consequences of freight train
derailment accidents.

e The development of cost-benefit models to enable economic indicators of each measure’s
efficiency to be established.

« The identification of other advantages or drawbacks for each measure thus allowing a final
consideration of the most promising measures to be made.

0.4  Study Conclusions
0.4.1 Opening Remarks and Context

It is important to clarify that this report looks at the potential for improvement, and is not an
absolute assessment of the efficiency of all measures that are applied today. Therefore it
follows that if a measure is applied extensively already there is little room for improvement
through the further application of that measure. For this reason some measures that are
extensively applied already are not considered in this work. Their omission should not be
considered as suggesting such measures are not efficient.

In this context the measures listed in this section can be seen as efficient in addressing the
potential reduction in risks associated with freight train derailments and providing the detailed
background against which public policy can be formulated.

The assessment of measures does not consider the way or the order in which these
interventions should be pursued, for example it is not considered whether these interventions
should be introduced in a mandatory or voluntary way or whether the measure should be
introduced as an EU harmonised measures or only within certain member states or only certain
companies.

0.4.2 Efficiency Assessment of Measures
0.4.2.1 Technical Preventative Measures

We consider the following technical measures as being efficient (they have a positive or unity
benefit / cost ratio in our reference case and all sensitivity studies):

* P13-Wheel Load Impact Detectors / Weighing In Motion (a measure that addresses a
number of common freight train derailment causes such as wheel defects, loading
anomalies).

* P28-Replacement of Brass for Polyamide Roller Cages (a measure that addresses hot axle

box caused freight train derailments).
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¢ P15-Bogie Hunting Detectors (a measure that addresses problems associated with lateral
instability, caused by wheel or other defects).

e P11-Bearing Acoustic Monitoring (a measure that addresses hot axle box caused freight
train derailments).

Since several of the preventive measures are addressing the same hazard the introduction of
one of them will influence the benefit of the others, e.g. implementation of measure P28
“Exchange of brass roller cages with polyamide roller cages” will make measure P-11 “Bearing
Acoustic Monitoring less attractive in cost efficiency terms.

Considering measure P28, we have considered an immediate replacement of brass for
polyamide roller cages. We have also discussed an alternative option which is for the
replacement of brass for polyamide roller cages at the next scheduled maintenance interval for
axles / axle boxes. This is almost a zero cost option, although the benefits would take longer to
materialise, and be a function of the maintenance cycle for freight wagons.

Potential drawbacks to the use of these measures (excluding measure P28) relate to the rate
of false alarms. To some extent these can be overcome by the use of good alarm
management processes. Further false alarms from those technical measures that are based
on early defect detection are unlikely to have an immediate operational impact.

In addition the following two measures are efficient based on the parameters in our reference
case:

e F7-Sliding Wheel Detectors (a measure that addresses problems associated with
handbrakes which may be left on, seized axles and similar events).

* P16-Wheel Profile Detectors (a measure that addresses problems associated with wheel
defects).

Potential drawbacks include false alarms as reported above. Finally, measure F7 is to the best
of our knowledge a market with only a small number of suppliers. This may give rise to market
advantage to existing suppliers of these systems if they were to form the basis of formal
recommendation.

0.4.3 Technical Mitigation Measures

We consider the following mitigation measure as potentially efficient if the significant identified
drawbacks could be solved:

« M1la-Derailment Detection (with automatic brake application) applied to All Freight Trains

This present assessment is fully in line with the previous assessment made by the Agency [1].
The significant drawback previously identified is confirmed by the present study and the related
accident analysis. A false alarm of such a device may lead to train compression which is a
contributory cause of freight train derailments (and also a significant operational disruption). In
this respect we note that CSM Regulation, Annex I, point 2.5.4 states:

For technical systems where a functional failure has credible direct potential for a catastrophic
conseqguence, the associated risk does not have to be reduced further if the rate of that failure
is less than or equal to 10 per operating hour.

(Measure P1: Check rail has similar disadvantages, although this is not considered efficient by
our assessment.)

Finally, we acknowledge an alternative type of derailment detection device which provides an
alarm to the train driver when a derailment is suspected, but without an automatic brake
application (type M1b). We are however not aware of these being available on the market (for
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freight application). We consider that an assessment of these devices, considering the human
factors issues involved and their costs would be required before these could be formally
assessed.

0.4.4 Organisational Measures

We note that the measures above are technical measures that are aimed at addressing, in
some cases, organisational problems. Therefore we would add the following organisational
and supervision items:

* F-2: Awareness Programme for Rolling Stock Maintenance. This measure may serve to
address the problem of poor maintenance standards of rolling stock. This may include
training that sought to concentrate on main rolling stock maintenance derailment causes,
as documented in this report, and best practice. This measure may be followed by
increased supervision of these parameters by NSAs to ensure that practicable risk
reduction objectives are being applied.

» P-18: Track Geometry (all tracks). Although the case for improvements in this area are not
conclusively made from a quantified perspective, the problem of poor track geometry (in
particular track twist), and the possible requirement to improve this aspect just to maintain
current performance levels (see Section 8.6.3.1) should be considered. This is of course
an area for each IMs own management system. However a specific measure in this regard
must be concerned with increased supervision of these parameters by NSAs to ensure that
practicable risk reduction objectives are being applied.

The two measures above represent significant contributors to the derailment problem and
organisational failures of individual IMs and RUs in fulfilling their obligations.
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1.0 Introduction
1.1 Background

In 2009 the European Railway Agency (the Agency) issued a recommendation (ERA/REC/01-
2009/SAF) on a specific proposal, made by the RID Committee of Experts, for a new
harmonised rule aimed at reducing the consequences of freight train derailments, potentially
involving dangerous goods (DGs). The recommendation concerned the potential use of a
Derailment Detection Devices (DDD?). This device automatically applies the brakes on a
freight train when a derailment of a wagon equipped with that device is suspected.

Although the Agency’s recommendation was that the DDD should not be adopted in the RID,
the joint meeting of RISC and Inland TDG EU regulatory committees agreed that considering
the low potential benefit in terms of avoided fatalities and injuries expected with DDD type
devices, as well as some other problems related to the operation of trains equipped with these
types of detectors, more efficient prevention measures should be further explored before
deciding on imposing, by law, measures based on derailment detection.

Therefore recognising that freight train derailments remain a safety and operational concern,
and following a request made by the above mentioned EU Committees, the Agency
commissioned further work the objective of which was to carry out an exhaustive analysis of all
prevention and mitigation measures which could reduce the risks related to freight train
derailments.

Det Norske Veritas (DNV) was selected to deliver this work, the results of which are presented
in this and related documents.

1.2  Overall Project Scope and Objectives
The study was divided into two research stages: Parts A and B.

Part A had the objective of identifying all prevention and mitigation measures that exist today or
could be implemented within the short term (before 1st of January 2013) or medium term
(ready to be applied or to be introduced in EU regulation within 5 to 10 years). This was
achieved through the following schedule of activities:

e Task A.1 - identification of existing operational and technical measures.

» Task A.2 - description of the markets and technologies covered by the devices/systems in
use or which may be used at the short or medium term.

e Task A.3 - description of the rules (including specific devices/systems used) in generic
functional and performance terms.

e Task A.4 - advice on innovative longer term measures (unlikely to be available within 10
years) which might be considered in a future R&D project.

Part B had the objective of analysing the measures identified in Part A (excluding those
identified in Task A.4) with a view to identifying those that are the most efficient. Part B was
scoped to include all prevention measures, but limited to mitigation measures based on
derailment detection.

>DDDis an acronym used to refer to a type of detector which automatically activates train brakes when
a derailment is detected based on detection of wagon acceleration. Device type EDT-101 is an example
of such a device.
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Part B objectives have been achieved through the following schedule of activities:

« Task B.1 — construction of detailed fault and event trees® describing freight train
derailments and showing which derailment cause or impact the identified safety functions
act on.

» Task B.2 - semi-quantitative assessment of benefits and drawbacks of existing safety rules,
and of new or improved measures at short and medium terms, using data on
actual/targeted performance as well as conservative assumptions.

» Task B.3 - top ten ranking of potentially efficient new safety measures or improvements at
short and medium terms, including practical and legal implementation aspects.

It is important to clarify that our work looks at the potential for improvement, and is not an
absolute assessment of the efficiency of all measures that are applied today. Therefore it
follows that if a measure is applied extensively already there is little room for improvement
through the further application of that measure. For this reason some measures that are
extensively applied already may not be considered in this work. Their omission should not be
considered as suggesting such measures are not efficient.

The geographical scope for this work is the EU-27 countries plus the 3 candidate countries,
Norway and Switzerland (hereafter called the target countries). In addition, the USA and
Japan are considered in the scope of safety measure identification, but limited to the most
commonly used safety measures and to the foreseeable innovations at medium term. For Part
B however, our measures are assessed on the basis of their potential implementation in the
EU railway system only.

This document is the Final Part B project report, and provides a summary of the work
completed and the results of this project.

® The technical scope excludes intentional acts and derailments during civil works. Marshalling
operation incidents are also excluded as the impacts arising from such events are normally more limited
than from train operation. Collisions leading to derailment are also excluded from the study scope;
however consequences of collisions that occur pursuant to a derailment are included.
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2.0  Project Abbreviations Used
Term Description
(the) Agency European Railway Agency
CSl Common Safety Indicator
CSM Common Safety Method
CST Common Safety Target
DDD Derailment Detection Device of a type similar to EDT 101
DG Dangerous Goods
DNV Det Norske Veritas
Effectiveness | The extent to which options (measures) achieve the objectives of the proposal
Efficiency The extent to which objectives can be achieved for a given level of resources/at least
cost (cost-effectiveness)
EVIC European Visual Inspection Catalogue
HS High speed (>40km/h)
IM Infrastructure Manager
Immediately A derailment with a mechanical impact that may cause a leak or material from a
Severe Dangerous Goods wagon.
JSSG Joint Sector Support Group
Long Term Measures that are unlikely to able to be introduced before 10 years
LS Low speed (40km/h or less)
Measure A control that may be put in place to either reduce the likelihood or minimise the

consequence of a freight train derailment

Medium Term

Measures that could be introduced within 5 to 10 years

NDT Non Destructive Testing

NSA National Safety Authority

RAM Reliability, Availability and Maintainability

RID Regulations Concerning the International Carriage of Dangerous Goods by Rail
RIV Regolamento Internazionale Veicoli

RU Railway Undertaking

Short Term Measures that could be introduced before 1st of January 2013

SMS Safety Management System

Target EU-27 countries plus the 3 candidate countries (Turkey, Macedonia and Croatia),
countries Norway and Switzerland

TDG Transport of Dangerous Good Regulations

TSI Technical Specification for Interoperability

uiC International Union of Railways
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3.0 Part ASummary and Linkage to Part B
3.1  Part A ldentification of Measures - Work Summary

Part A work consisted of tasks directed towards the identification of existing measures applied
in the target countries together with market and performance data relating to these measures.
The work completed to achieve these objectives is fully reported in our documents [2, 3, 4, 5,
6] and summarised in the diagram below.

Figure 1 Part A Task Linkage

Task A.3: For ALL
measures, how

do they work and

perform?

Task A.1: Existing
derailment risk
measures

Task A.2a: For

existing technical
measures, what is
the market

Task A.2b: For
potential NEW
technical
measures, what is
the market

Input to
Part B

Task A.4: Future . Inputto .
" Research Project

Innovations?

Underpinning the completion of these tasks were the following project activities:

1. An extensive series of surveys / consultations with Infrastructure Managers (IMs), Railway
Undertakings (RUs) and other actors with the objective of establishing the range of existing
measures (and potentially new measures) used as controls against freight train
derailments.

2. An extensive series of surveys / consultations with suppliers regarding existing technical
measures (and potential new measures), market share, costs and benefits.

3. Internet and other research to supplement our survey responses.

The results of this Part A work, in terms of the measures identified and the respondents to our
surveys / consultations are presented below. Other aspects of our Part A activities, such as
performance data and current deployment rates for identified measures, are used directly in
our efficiency assessments and therefore can be seen as input parameters to individual Part B
activities.

3.2 Part A Summary Results and Outputs
3.2.1 Surveys / Consultations with Railway Actors

We invited railway actors to contribute to the measures identification process through a
guestionnaire concerning their operations. A summary of the question categories is provided
below, and the full questionnaire is provided at [2].
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Table 1 Railway Actor Survey / Consultation Questio

n Categories

Railway Undertakings and Wagon Owners

. What is currently done to prevent or mitigate freight
train derailments:
—  What measures are currently applied and why do
you apply them?
—  Are the measures you apply effective?

Infrastructure Managers

What is currently done to prevent or mitigate freight train

derailments:

—  What devices are used to supervise trains (hot axle
box detectors etc) and what is their density? Are these
installed to meet a requirement (international, national
or company)?

— How is the information provided by these devices
used?

— Are the condition monitoring measures you apply
effective?

— Do you use some form of speed supervision on your
freight lines?

—  What type of speed supervision is used?

. Maintenance:
—  Who performs maintenance on your wagons and
locomotives?
—  What controls and competency standards are in
place to ensure that maintenance is performed
correctly?

Design and Maintenance:

—  For mixed traffic, are the track parameters optimised
for passenger or freight?

—  What is the maximum axle load/speed?

—  What is your preventative maintenance philosophy?

—  How is maintenance funded and are freight lines given
equal priority?

—  How are conflicts of interest dealt with?

—  What controls and competency standards are in place
to ensure that maintenance is performed correctly?

. Current performance / short term measures:

—  What is your experience and what are your views
on your own performance with regard to freight
train derailments?

—  Where do you consider improvements are most
needed?

—  Are you aware of any new measures that could be
applied in the short term to improve the situation
and what are your views on the costs that might
be associated with these measures?

— Are there any changes that could be made to
instructions such as TSls that you consider would
be beneficial?

Current performance / short term measures:

—  What is your experience and what are your views on
your own performance with regard to freight train
derailments?

—  What is the approximate division between derailment
causes by rolling stock, infrastructure and operational
failures?

— Are you aware of any new measures that could be
applied in the short term to improve the situation and
what are your views on the costs that might be
associated with these measures?

— Are there any changes that could be made to
instructions such as TSIs that you consider would be
beneficial?

. Future advances:

— Are you aware of/have plans to test new
technology that could form the basis of a longer
term solution to the problem of freight train
derailments

—  What are your views of the provision of electrical
power to wagons/

Future advances:

— Are you aware of/have plans to test new technology
that could form the basis of a longer term solution to
the problem of freight train derailments

* Other comments

Other comments

What is the size and nature of your network:
—  Proportion TEN classified?
—  Proportion mixed traffic/freight only/passenger only?
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We thank the following railway actors for responding.

Table 2 Railway Actor Survey / Consultation Respond

ents

RUs / Wagon RUs / Wagon | IMs

Owner Owner
Austria Yes (+NSA) Yes (+NSA) Luxembourg Yes
Belgium Yes Macedonia
Bulgaria Yes (+NSA) (+NSA) Netherlands Yes
CER Yes Yes Norway Yes Yes
Croatia Yes Poland Yes
Czech Republic (+NSA) Yes (+NSA) Portugal Yes
Denmark Yes Yes Romania
Estonia Slovakia Yes Yes
Finland Yes Yes Slovenia Yes
France Yes Spain Yes (+NSA) (+NSA)
Germany Yes (+NSA) (+NSA) Sweden Yes
Greece (+NSA) (+NSA) Switzerland Yes Yes
Hungary Yes Turkey
Ireland UIP Yes
Italy UNIFE Yes Yes
Japan United Kingdom Yes Yes
Latvia Yes Yes United States Yes Yes
Lithuania Yes Yes

Note: National Safety Authorities (NSAs) were also invited to contribute to a range of questions
relating to measures applied to freight trains, infrastructure and operations. Where responses
were received from NSAs this is indicated by (+NSA) in the table.

We point out that in some cases the responses from trade associations provide the views of a
number of their members, some of whom have chosen not to respond individually. The
combined coverage (based only on individual country responses, not trade associations)
covers approximately 80% of the total freight traffic volume in the target countries.

We considered this to be a good response rate which, when combined with our other research
activities, provided a comprehensive coverage and identification of existing (and potential
future) freight train derailment prevention and mitigation measures.

3.2.2 Survey / Consultation with Suppliers

Further to our survey / consultation with railway actors, we approached the market to establish
the range of products offered, and details relating to those products. A summary of the
guestion categories is provided below, and the full questionnaire is provided at [2].
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Table 3 Supplier Survey / Consultation Question Cat  egories

Question Category Question Detail (Summary)

Interviewee Details of the role, responsibility of the respondent and the Company they are
responding for

Organisation and products Details relating to the range of products marketed and previous products

Future developments What other types of technical measures are you currently developing?

When will these be available in the market place?

Are you aware of other future developments with respect to technical measures for
preventing/mitigating derailment?

Market What is the primary function / technology associated with the products offered?
Where are they installed?

Are the products employed primarily for passenger traffic, primarily for freight traffic
or both?

What is the existing and potential future market for the products?

What is the market share (financial or quantity)?

Costs and benefits What is the indicative price of a single product?
What are the life cycle costs / requirements for the products?
How should the products be deployed to maximise their benefits?

What operational aspects need to be considered in order to reap the benefits of the
product?

RAM What is the estimated lifetime of the products?

What is the estimated Mean Time Between Failure or other reliability measure of
the products?

What is the estimated Mean Time To Repair or other maintenance measure of the
products?

How will failures of the products be detected? Will all failures of the product be
detected? If not, are these failure modes dangerous?

What is the estimated rate of False Alarms of the product?
What is the in-service reliability performance of this equipment?

What is the actual measured rate of false alarms?

Has the product been approved by relevant safety authorities?

The survey / consultation reported here received over 30 detailed responses for technical
measures.

3.2.3 The ldentified Measures

We present the culmination of the measures identification activities, reporting measures in the
following categories:

* Preventive infrastructure, rolling and operational measures currently applied.
* Preventive measures not currently applied.
« Mitigation measures (currently applied and potential future).

In these tables we also present our assessment of the time category in which the measure may
be implemented. More detailed information on all these aspects is provided at [2].
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Table 4 Existing Infrastructure Preventive Measures

Type of P# Measures and motivation: Where applied: Category
measure
Technical P-1 Installation of check rails to prevent derailments, in particular in sharp curves, as it will hinder | In points in most countries. Medium
infrastructure flange climbing on outer rail in sharp curves. Check rails are also used in other conditions In line track with sharp
and have a wear reducing effect also. curves GB and republic of
South Africa.
P-2 Installation of track and flange lubrication in front of track sections with narrow curves to Several countries including Medium
reduce rail flange friction and limit the risk of flange climbing on rail with subsequent Austria. Great Britain
derailment consequences.
P-3 No longer used — related to collision events.
P-4 No longer used - related to collision events.
P-5 No longer used - related to collision events.
P-6 Use of ground penetration radars (Geo radars). Ground penetration radars are used to Several countries including Medium
survey conditions of track bed superstructure with regard to quality and water content. This US and Norway.
is mainly used through ad hoc baseline runs to provide information for planning of
maintenance and renewal, but permanent installations can also be considered.
P-7 Rolling stock mounted equipment for monitoring of rail profile conditions. Product supplied by railway | Medium
supplier organisations.
Infrastructure; P-8 Track circuit as part of signalling system may detect rail ruptures. Most countries Medium
Control P-9 Interlocking of points operation while track is occupied. This is not fully implemented at The protection measure is Medium
Command and shunting yards. Hence a number of derailments occur due to points being operated while it utilised and applied in most
Signalling is occupied by a train. This action very often causes derailment. Extend use of interlocking of | countries. The degree of
remote controlled points to include tracks at shunting yards used for train movements. application of point
Interlocking of switch movement if the switched is occupied by rolling stock. interlocking at shunting
yards varies.
Trackside P-10 | Installation of hot axle box (hot bearing) detectors for detection of faulty and hot bearings Several European countries. | Medium
rolling stock and axle journals in order to remove them from train prior to derailment.
supervision
Trackside P-11 | Installation of acoustic bearing monitoring equipment (This is partly an alternative to hot axle | US, GB, Norway (installation | Medium
installations to box detectors). The purpose of the installation is to detect faulty bearings by sound analysis | plans).
supervise and implement bearing maintenance prior to bearing seizure and hot temperature
rolling stock development.
P-12 | Installation of hot wheel and hot brake detectors. Several countries. Medium
P-13 | Installation of wheel load and wheel impact load detectors. Several countries. Medium
P-14 | Installation of dragging object and derailment detectors. US and other countries Medium
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Type of Measures and motivation: Where applied: Category
measure
Bogie performance monitoring/Bogie lateral in-stability detection (bogie hunting). US and other countries, Medium
including Turkey.
P-16 | Wheel profile measurement system / Wheel profile monitoring unit. US and other countries Medium
P-17 | No longer used — related to collision events.
Infrastructure P-18 | Make sure available maintenance resources are sufficient in relation to network extent and Low traffic line closure has Short
Operational/ traffic levels. If not possible to ensure sufficient resources a measure could be to close low been common in several
organisational traffic lines or take little used tracks out of operation. Lines and tracks where the minimum countries.
infrastructure safety requirements cannot be maintained should be closed down.
P-19 | Ensure that the track/train clearance gauge including the flange groove is free of Normal inspection and Short
obstructions that can cause collisions or derailments. Special focus to flange groove in level | maintenance in most
crossings. countries.
P-20 | Perform ultrasonic rail inspection of track at sufficient frequency in order to detect rail cracks | The activity is performed by | Short
before dangerous ruptures occur. This is an activity carried out by most infrastructure most infrastructure
managers with frequencies dependent upon rail age and traffic loads. managers. Frequency varies
according to track loading.
P-21 | Perform track geometry measurement of all tracks in order to detect track sections Most infrastructure Short
requiring maintenance actions. Regular track geometry measurements are carried out by managers but frequency
most infrastructure managers. The completeness of the measurements with respect to track | may vary. Mixed coverage
coverage at stations as well as intervals may vary. Frequency normally dependent upon of sidetracks.
traffic load and allowable speed level of track.
P-22 | Establish EU-wide intervention and/or immediate action limits for track twist. The final draft Lack of consistency Medium
TSI for CR Infrastructure specifies safety limits for track twist but intervention limits are left to | between countries, e.g. GB
the NSA or infrastructure managers of the various countries and they vary to a certain & Norway with regard to
extent. Since the rolling stock are to be interoperable across all infrastructures the track track twist intervention limits.
intervention limits should also be corresponding.
P-23 | Establish EU-wide intervention and/or immediate action limits for variation of track gauge. Variation in maximum gauge | Medium
Present limits varies among infrastructure managers and the intervention limit specified in width between countries and
the final draft TSI for CR Infrastructure is less stringent than what is presently applied in towards TSI CR INF.
many countries.
Infrastructure P-24 | Establish EU-wide intervention and/or immediate action limit for cant variations. In addition it | Swiss & Norwegian track Medium
Operational/ should be considered to introduce a limit for excessive cant in track positions where trains regulations
organisational are likely to stop or operate at low speed. Many derailments occur in track sections with
narrow curves and high cant at low speed.
P-25 | Establish EU-wide intervention and/or immediate action limit for height variations and cyclic GB and Norway at least. Medium
tops which does not exist in Final draft TSI for Conventional rail infrastructure.

MANAGING RISK

Final Part B Report Rev 2.doc
Reference to part of this report which may lead to misinterpretation is not permissible



20 October 2011

Freight Train Derailment: Part B Final Rev 2

European Railway Agency

Page 10
DNV

Table 5 Existing Rolling Stock Preventive Measures

Type of

measure
Rolling stock
technical or
structural

Measures and motivation: Where applied: Category
P-26 | Flange lubrication of locomotives. Requirement for installation of on-board lubrication of US, Austria, Switzerland, Medium
locomotive flanges to be able to provide necessary track/flange contact lubrication. The Norway and others
measure must be seen in relation to the application of trackside installed lubrication in
curves. Reduces friction available for wheel flange climbing.
P-27 | Replace composite wheels with monoblock wheels. Composite wheels have a more Several countries or Medium
complex inspection and maintenance requirements and seems to have a higher failure rate companies are prohibiting
causing derailments. use of composite wheels for
new and existing rolling
stock.
P-28 | Replace metal roller cages in axle bearings by polyamide roller cages. CargoNet & DB Schenker Medium
freight wagons.
P-29 | Replace existing axles for stronger axles or axles with improved material properties with VTG exchanges axles for Medium
regard to crack initiation and crack propagation. tank wagons. EURAXLES
project.
P-30 | Increase the use of central coupler between wagons in fixed whole train operation. With an Australia, US, former USSR | Long
integrated draw gear and buffer function in a central coupling the rolling stock side buffers including Baltic states in EU.
becomes superfluous. This will reduce side buffer loads and reduce risk of derailment due to | 1520/24 mm gauge lines in
buffer locking and couples that are too loose or too tight between wagons. Eastern Europe. Train for
iron ore transport from
Kiruna towards Narvik and
Lulea.
P-31 | Increase the use of bogie wagons instead of multiple single axle wagons with a long wheel US & Europe Medium
basis.
P-32 | For new rolling stock install disc brakes instead of wheel tread brakes. Major motivation may | Employed for many new Medium
be less noise in relation to Noise TSI, but also less heat activation of wheels, which may wagons and is the
reduce derailment risk. For existing rolling stock, exchange wheel tread brakes with disc dominating brake type for
brakes for existing rolling stock. new passenger rolling stock.
P-33 | Rolling stock should be designed to operate safely over a track twist of up to 17 per mille Republic of Ireland and Long
over a 2.7 m base, and up to 4 per mille over an 11.2 m base. This will reduce derailment Northern Ireland.
frequency due to track twist.
P-34 | Secure brake gear located in the underframe of the wagon to ensure that braking Sweden, Norway and Medium
components that become loose does not fall to the ground and cannot provoke a derailment. | Germany and possibly other
countries.
P-35 | Regular greasing and check of fastening of rolling stock buffers to reduce risk of a buffer Routinely greased and Short

falling off and causing derailment. Alternatively, strengthen fastening elements.

inspected in most countries.
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Type of

measure

Measures and motivation:

Where applied:

Category

Rolling stock
Operational /
organisational

Wheel set integrity inspection (ultrasonic) programs.

Most wagon owner and train
operating companies.

P-37 | Derating of allowable axle loads for type A-l and A-ll axle designs. Applicable countries, ref Short
recommendation from ERA
JSSG.
P-38 | Inspect axles of freight train rolling stock according to EVIC (European Visual Inspection Most European countries Short
Catalogue). Program implemented by
ERA JSSG
P-39 | Requirement for double check and signing of safety-classified (S.-marked) maintenance Norway Short

operations.

Table 6 Existing Preventive Measures applied to Tra

in Loading and Operation

Type of Measures and motivation: Where applied: Category
measure
Train loading/ | P-40 | Qualified and registered person responsible for loading. The person must show sufficient Spain & Bulgaria Medium
human competence and be registered by the train operator.
Pre-departure | P-41 | Locomotive and first wagons of long freight train in brake position G (Lange locomotive). Germany, Austria and Short
inspection and . . . . . i Switzerland, as well as
; Various countries have operational requirements that the locomotive and the first wagons of
brake settings/ X ) - - ; A Norway and Sweden to a
a train shall be put in brake position G to limit the compression forces of the train when
human . i ) ; . lesser degree.
braking with the pneumatic activated train brakes.
Train P-42 | Limitations on use of brake action in difficult track geometry, particularly at low speed, to Switzerland, Austria & Short
operations/ avoid high compression forces of train that could cause buffer locking and derailment possibly other countries
human: (includes re-generative braking).
P-43 | The ATP-system of some countries including Norway, Sweden and Finland, called ATC, has | Sweden Medium
a function to perform a dynamic brake test on the route to get actual test information with
regard to the train braking performance.
P-44 | Saw tooth braking should be applied when using pneumatic brakes to limit speed in long Switzerland Short
and steep descents in order to limit heat exposure to wheels.
P-45 | When passing a signal showing a reduced speed, the driver should initiate the braking or Switzerland Short

speed reduction action prior to passing the signal. This could reduce the risk of over-
speeding in track deviations.
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Type of

measure

Measures and motivation:

Trafikverket in Sweden (former Banverket) has recently issued a new regulation for how
various alarms should be handled. Traffic controllers and drivers should not be allowed to
override detector alarms.

Where applied: Category

Sweden

P-47 | Wagons equipped with a balance to detect overload in visual inspection.

Switzerland Medium

Table 7 Preventive Measures Not Currently Applied ( but which could be applied in the short or medium t erm)

Measure Description Category

Number

F-1 End-of-train device (brakes) . Inthe USA & Canada freight trains are installed with “end of train Medium.
devices” that are in radio contact with the driver, and by radio signal to the unit the driver can apply
brakes on the train in an emergency situation. This can be an essential safety measure in situations The introduction of such devices would require
where the brakes of substantial rear parts of the train cannot be applied immediately from the driver’s complementary tests and agreement regarding
position. Application of brakes through an end of train device can also speed up the brake application in | issues such as the transmission of signals
an emergency situation, and also may reduce compression forces in a train. between the driver and the end of train device.

Such work is likely to require a timeframe within

Note: This measure is not to prevent collisions but to allow a better quality of brake application, limiting the 5-10 year window relating to the definition of
the possibility to induce a derailment due to a non-uniform application of the brakes especially in the medium term.
case of long trains. This measure should be distinguished from the brake tests before departure which
have the objective to ensure that the brake performance is correct and therefore to help to prevent over-
speed which can lead both directly to a derailment and to a collision.

F-2 Awareness program and impr oved maintenance . A concern expressed to us by several IMs was Short.

regarding the quality of freight wagons from some countries. In particular that maintenance as well as
supervision of national authorities of this maintenance is of varying standards.

This is an issue relating to the safety
management systems and culture of RU /
keepers / wagon owners as well as the
supervision of this by NSAs. Itis certainly the
case that renewed emphasis on this matter
could be recommended in the short term,
although a full implementation of this may take
longer.
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Measure
Number
F-3

Description

Hot Axle Box Indication . The use of thermo-sensitive paint / chalk or similar to check for hot axle
boxes. This may provide visual indication to train driver of the presence of a hot axle box. (Possibly a
hot axle box alarm may have been triggered, but on inspection some minutes later the axle box has
cooled — this may provide indication that the alarm was genuine, and avoid accidents where the driver
continues.)

We understand that this measure is applied in at least one RU within the target countries.

Category

Short.

This is a simple measure which is likely to be
quick and relatively easy to implement.

F-4 Machine vision devices . These products are designed to detect faults that may occur on freight Medium.
vehicles when they run pass the detection site. Such devices are installed at trackside and employ hi-
speed cameras to grab images of the vehicles. These images are sent to a computer for processing, The introduction of such devices would require
comparison and analysis so any fault on the vehicle can be distinguished and detected. They detect complementary tests. Such work is likely to
mechanical failures of the bogie, dragging objects, coupler faults and may also detect temperature require a timeframe within the 5-10 year window
variations etc. relating to the definition of medium term.
This measure is applied in countries which include the USA and China, but not within the target
countries.

F-5 Telematics . Devices that allow receipt and transmittal of information from / to rail freight vehicles. Medium.

Using this technology it is possible to inform the Entity in Charge of Maintenance of defects for
rectification. A number of the measures described in this document require the positive identification of
a train in order for emerging issues to be identified (for example acoustic bearing monitoring). Other
benefits include verification of train consist and operational parameters.

This measure is partly implemented in some target countries.

The scale of the implementation programme,
and the supporting infrastructure required to
collate the information would mean this was not
achievable within the short term.

Note that this measure does not have a direct
impact on derailment rates and is not considered
further.
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Measure
Number
F-6

Description

Anti -lock device. Systems of this type reduce locking of the wheels and associated wheel damage

during braking on railway freight cars. In turn this may reduce maintenance costs associated with re-

profiling wheel sets, improve safety with reduced risk of wheel cracking or major tread damage that

could increase derailment risk, reduce impact forces to track with the wheel sets, reduce noise

generated with the wheel sets.

The control system concepts are similar to passenger Wheel Slip Protection, but the application to

freight cars has 2 principle differences:-

e The absence of electrical power, which is overcome by integrated generators driven from the axle
ends

e Much less compressed air available to control slide activity — this is a particular constraint with
“single-pipe” braking used almost exclusively within the EU.

They may also provide a local power source for other monitoring systems.

Currently a system of this type is being tested in one of the target countries.

Category

Medium.

The scale of the implementation programme
would mean this was not achievable within the
short term.

F-7 Sliding wheel detectors . These systems detect wheels that are not rotating correctly and raise an Medium.
alarm, with similar benefits to the antilock device for freight wagons described above. They are
currently used in at least Australia, although a GB demonstration is planned for 2011. The introduction of such devices would require
complementary tests. Such work is likely to
require a timeframe within the 5-10 year window
relating to the definition of medium term.
F-8 Handbrake interlock.  This would prevent a freight train moving off with the handbrake applied and Medium.

therefore reduce the likelihood of subsequent issues like wheel flats, overheating and track damage.

The scale of the implementation programme
would mean this was not achievable within the
short term.
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Table 8 Mitigation Measures (existing and future)

Measures and motivation:

Category:

Where applied:

Category

Rolling stock | M-la | Derailment detection detectors (valves) to avoid derailed wagons from being By train operators in Switzerland Medium
dragged along for long distances — these devises apply train brakes automatically. & Slovenia. Similar system in use
in RWE Rheinbraun

M-1b | Derailment detection detectors to provide an alarm to the train driver indicating a Future measure Medium
suspected derailment — these devises do not apply train brakes automatically.

M-2 Equip tank wagons with impact shield to protect tank against penetration (US- RID requirement for some Not assessed —
requirement also used in Sweden). materials, e.g. chlorine. Country outside of project

requirements: US, Sweden scope.

M-3 Install emergency warning lights on locomotive to warn train on neighbouring track Switzerland Not assessed —
going in opposite direction. outside of project

scope.

M-4 Attach mechanical guides at the bogie structure or on wagon support at appropriate | High speed trains in France, Not assessed —
position to ensure that a derailed wagon most likely is kept along the track and does | Sweden and Japan. Similar outside of project
not overturn or become hit by other wagons. system in use in RWE Rheinbraun | scope.

Infrastructure | M-5 Existing requirement for safety rails (guard rails) at bridges and in tunnels. Several countries for bridges. Not assessed —
Denmark for to tunnels outside of project
scope.

M-6 Battering rams in front of safety critical pillar supports of roof structures and over Germany Not assessed —
bridges in order to prevent derailed rolling stock damaging such safety critical outside of project
structures. scope.

M-7 Installation of dragging object and derailment detectors. The detector will detect US and other countries Not assessed —
both dragging objects and derailments. outside of project

scope.

M-8 Installation of deviation points leading to a safe derailment place in strongly Norway, Sweden, United Kingdom | Not assessed —
descending tracks from marshalling yards and train formation stations. etc. outside of project

scope.

M-9 Radio or cell phone communication installations like GSM-R in order to transfer To be implemented as part of Not assessed —
emergency stop orders to trains. Interoperability directive and TSIs | outside of project

command, control and signalling. scope..

F-9 Harmless infrastructure. This relates to the removal of obstructions on or near the Future measure. Not assessed —
track that may make penetration of a dangerous goods tank wagon less likely. outside of project

scope.
Operational M-10 | Separate passenger and freight traffic to separate lines to a larger degree (which is | High speed lines for passenger Not assessed —
also EU-policy). traffic. Betuwe route (NL) for outside of project
dedicated freight scope.
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Category: Measures and motivation:

M-11 | Restrictions on freight traffic in general or hazardous materials transport in special
through certain busy passenger terminals and/or underground stations to restrict
traffic and limit the consequences of a derailment.

Where applied:

Examples are banning of general
freight traffic through airport train
stations (e.g. Oslo and Schippol)

Category

Not assessed —
outside of project
scope.

M-12 | Develop and apply a checklist for dangerous goods transport as the Swiss checklist
for dangerous goods transport by freight trains.

Switzerland

Not assessed —
outside of project
scope.

M-13 | Requirement for activating of warning lights in driving end of train.

Switzerland

Not assessed —
outside of project
scope.
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3.3 Part Ato Part B Linkages and Part B Work Overview

The objective of Part B was to consider the measures identified and to establish the potential
room for improvement relating to freight train derailment risk reduction. This room for
improvement was to be measured in terms of their efficiency (the consideration of costs to
apply the measure, compared with the benefits secured by that measure). The individual tasks
completed in Part B to achieve this objective were:

* An activity to develop a safety risk model describing the causes and consequences of a
freight train derailment.

« An activity to quantify the developed safety risk model thus enabling an assessment of the
magnitude of the potential benefits of introducing new measures, or extending the scope of
existing measures, to be established.

« An activity to quantify the costs required to implement each measure, thus enabling the
efficiency of each measure, and an ordered list of the most efficient measures to be
established.

We show the key project linkages in Figure 2. The remainder of this report discusses the
activities above.
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Figure 2 Task Linkages

August 2010

March 2011

August 2011

Task A1: Existing
Measures

Literature Searches,
Network Statements
etc

IM, RU, NSA and
stakeholder
consultations

—

Task A2: Markets

Literature Searches,
Research Databases
etc

Supplier
consultations
(markets)

—

Task A3: Performance

IM, RU direct
contact, literature
searches etc

Supplier consultation
(performance)
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4.0 The Safety Risk Model
4.1 Risk Model Concept

The risk model concept revolves around the “bow-tie” approach. In this approach the
frequency of a hazard (in this case a freight train derailment) is established, followed by the
consequences that may develop following realisation of that hazard.

Figure 3 Bow-tie Model Structure

Basic causes  Intermediate Hazard/ Developing Fully developed
causes What-if consequences consequences

Fault Tree Analysis Event Tree Analysis

Primary controls ]

| = Key risk reduction measures

The identified measures (from Part A) can then be mapped onto the bow-tie to determine their
contribution to reducing the frequency or mitigating the consequences of that hazard.
Ultimately this is established by quantifying the safety losses associated with the existing
situation and comparing those with the revised (reduced) safety losses following the
introduction of a new measure, or a wider application of an existing measure.

4.2  Accident Analysis

An important part of the development of our safety risk model related to the study of previous
freight train derailment accidents. In this respect, DNV studied [7, Annex 1] 201 freight train
derailment accident reports and from these we have established the primary, secondary and
additional combinational accident causes and consequences.

In addition, and as a supplement to our accident analysis, we have also studied a further 400+
accident summaries reported to the Agency as part of their work [1]. After elimination of
duplicates, those which were not derailments etc. the usable Agency data was 355 accident
summaries from a range of European countries.

A total of 556 accident reports were therefore considered in our analysis.

The majority of accidents studied have been recent (i.e. occurring 2000 onwards) so that the
results can be considered current.
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4.2.1 Causal Analysis

Based on our accident analysis we were able to classify derailments by category and cause as
follows:

4.2.1.1 Infrastructure Derailment Causes
Derailments caused by infrastructure failures and defects are classified as follows:
1. Failed substructure, comprising:
a. Subsidence
b. Earth slide / tunnel collapse (leading to derailment, not collision)
c. Substructure wash-out due to flooding etc
d. Bridge failure (leading to derailment)
2. Structural failure of the track superstructure, comprising:
a. Rail failures
Joint bar & plug rail failures
Switch component structural failure
Failure of rail support and fastening

Track superstructure unsupported by substructure

~ o oo o

Other track and superstructure failure
3. Track geometry failure, comprising:
a. Excessive track twist
Track height/cant failure
Lateral track failure
Track buckles (heat-curves)

Excessive track width

-~ 0o oo o

Other or unspecified track geometry causes
4. Other infrastructure failures
4.2.1.2 Rolling Stock Derailment Causes
Derailments caused by rolling stock failures and defects are classified as follows:
1. Wheelset failures (wheels and axles), comprising:
a. Axle ruptures:
i. Hot axle box and axle journal rupture
ii. Axle shaft rupture
ii. Axle rupture, location not known
b. Wheel failure:
i. Rupture of monoblock wheel

ii. Failure of composite wheel with rim and tyre
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iii. Excessive flange or wheel tread wear (wrong wheel profile)
2. Bogie and suspension failures, comprising:
a. Failure of bogie structure and supports
b. Spring & suspension failure
c. Other
Twisted or broken wagon structure/frame
Wagon with too high twist stiffness in relation to length

ok~ w

Brake component failure
6. Other or unknown rolling stock derailment cause
4.2.1.3 Operational (including Train Control) Derailment Causes
Derailments caused by operational failures and defects are classified as follows:
1. Train composition failures, comprising:
a. Unfavourable train composition (empties before loaded wagons)
b. Other
2. Improper loading of wagon, comprising:
a. Overloading
b. Skew loading
i. Wagon wrongly loaded
ii. Wagon partly unloaded
c. Insufficient fastening of load
d. Other incorrect loading
3. Train check and brake testing, comprising:
a. Un-suitable brake performance for route characteristics
b. Brakes not properly checked or tested
c. Brakes not correct set with respect to load or speed of brake application
4. Wrong setting of points/turnouts, comprising:
a. Wrong setting in relation to movement authority
b. Point switched to new position while point is occupied by train
5. Mishandling of train en route, comprising:
a. Overspeeding:
i. Too high speed through turnout in deviated position
ii. Too high speed elsewhere
b. Other mishandling of train
6. Brake shoe or other object left under train

7. Other operational failures
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4.2.2 Consequence and Impacts Analysis

Our primary mechanism for understanding the consequences associated with freight train
derailments and the scenarios that lead to these consequences has also been our accident
analysis, supported by work completed by the Agency [1].

We have observed the following important considerations that have a significant impact on the
consequence and impacts of a freight train derailment:

¢ The location at which the derailment occurs.

* The immediate consequence at time of initial derailment (does the wagon overturn, for
example). (A derailment that leads to a wagon overturning or to suffer a mechanical impact
sufficient to potentially lead to a loss of containment is classed as “severe”.)

* The method and speed of detection of derailments that are not immediately severe, and the
subsequence management of the situation.

« The presence of traffic on adjacent lines.
« The material / product that the freight train is carrying.

These factors are used to develop the freight train derailment impacts, as we shall discuss in
subsequent report sections.
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5.0 Freight Train Derailment Frequency
5.1 Overview

Although we developed fault models to show pictorially the combination of events that may
lead to a freight train derailment, we used alternative means for the quantification process®.
Our alternative approach was based on an apportionment technique which we summarise
below (our reports [7, 8] provide full details.)

The technique works as follows:
1. Establish the annual quantity of freight train derailments.

2. Establish the percentage contribution from each freight train derailment cause. This
includes whether the cause is more likely to result in a high or low speed derailment®.

3. Calculate the frequency contribution per cause as the product of 1 and 2.
We summarise our approach in the diagram below.
Figure 4 Establishing Freight Train Derailment Freq  uency Parameters

Cause 1 leads to
high or low speed

derailment?

% contribution cause 1

% contribution cause 1

Infrastructure

high or low speed

% contribution cause n
Cause n leads to
derailment?

Rolling Stock Hazard: Freight Train Derailment

Operations

< Calculation flow

We consider first the quantity of freight train derailments.

5.2  Annual Number of Freight Train Derailments

The Agency work on this subject [1] presented an analysis based on an assumed quantity of
freight train derailments. The starting point used was 500 significant train derailments per year.
This information was used by the Agency as follows to calculate the annual number of freight
train derailments [1]:

“The 500 significant derailments/year that were used in the study concern both
passenger trains and freight trains. It is assumed in the study that about 60% of all

* Fault trees were not used due to a lack of low level modelling data to enable their quantification.
® We define high speed as being in excess of 40km/h. This is in line with CPR-18E, Guidelines for
Quantitative Risk Assessment [10]
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derailments are freight train derailments. This gives an estimate of about 300 significant
freight derailments per year. It was then further estimated (...) that about 50% of all
open line derailments will be significant, to the point that they would be included in the
EUROSTAT statistics®. This finally yields about open line 600 freight train derailments
per year.”

Since that date however a significant decrease in derailments is reported, as follows:

Table 9 Annual Numbers of Train Derailments

Eurostat (EU-27)
Agency [9] (EU-27+NO+CT)

The reported numbers of derailments in 2009 (and 2008 to a lesser extent) should however be
taken with caution, as indicated by green shaded cells. In 2007, the threshold for reporting
accidents changed: the threshold of EUR 50,000 of damage increased to EUR 150,000 in line
with the UIC recommendation. As a consequence, the number of derailments reported to
Eurostat in 2008 and 2009 reduced considerably.

Similarly, a more stringent definition of a significant accident was introduced by the Railway
Safety Directive (49/2004) and the Directive 149/2009 has been gradually put in place by
several Member States since 2006, leading to the distortion of the picture depicted by the
reported figures. In this regard, the Agency [9] state:

...the number of train derailments dropped significantly in 2009, to 177 reported events.
The main reason is that in several countries shunting movements were previously
reported under this category. Nevertheless, on average a derailment is reported every
second day in the EU, causing significant traffic disruptions.”

Beside the changes in reporting requirements, it should be noted that the EU aggregate
available at the Agency is strongly influenced by the high figures reported by Poland and
France, accounting together for more than half of all derailments in the EU. These numbers are
very high when compared with figures in countries with comparable train-km performance such
as Germany, UK or ltaly and suffers from important fluctuations over time. Reflecting the
Agency’s position Eurostat advised us that:

“More particularly, the EU aggregate is especially influenced by the Polish figures,
accounting for 40-45% of the total number of derailments observed at EU level. Poland
has reported a significant decrease over the 2007-2009 periods, and this had
consequently a significant impact at total EU level.”

And Poland advised us that:

“...the improvement was illusionary. The explanation is the change of derailment
categories (according to current regulations).”

On balance, we support the Agency view that train derailments are reducing in number slightly,
along with the number of all train accidents. For the purposes of our analysis we have used a
conservative estimate of a 6% year on year reduction.

Using these data, and from a starting point of 600 freight train derailments per year in 2008 (as
used by the Agency [1]), we estimate the 2011 equivalent train derailment value to be about
500 per year .

® Table: RAIL_AC_CATNMBR - Annual number of accidents by type of accident
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This reduction in the annual quantity of freight train derailments will result in it becoming more
difficult to identify future cost-effective solutions as the available benefit is reducing. However
this will not affect the ranking of measures.

5.3  Analysis of Causes and Likelihoods

Freight train derailment accidents can result from a single failure’ or a combination of defects®.
The former may be something that is out of specification to the extent that it can be considered
the only or dominant cause of the derailment (a broken axle may fit into this category). The
latter may consist of combinations of equipment / systems that are outside their ideal operating
tolerances, but not so much as to be solely responsible for a derailment (a combinational
cause may be track geometry which is outside its intervention limit, but within its safety limit,
AND a wagon which is skew loaded).

We consider these in turn.
5.3.1 Single Derailment Causes

Derailments which have been assessed as having a single or dominant cause we have
estimated to account for 78% of derailments, [7, Annex 1]. Our analysis of single cause
derailment accidents, by sub-system, is presented below (in the figure below, 41% of single
cause failures result from sub-system rolling stock).

Figure 5 Freight Train Derailment by Sub-System (Si  ngle Causes)

Accident Causes Breakdown

45% - 41%

40% -
35% - 33%

30% -
25% -
20% -
15% -
10% -

5% - 1%

0% \ \

24%

Infrastructure Rolling stock Operational failure Others
(environment etc)

We break these down further in the following two sections and we again present the
information relative to the category the failures belong to. We only show those causes that
more than 3% to derailments in the category.

" We define a failure as a condition that leads to the system not being fit for purpose and outside
allowable tolerances

® We define a defect as a condition that leads to the system being outside its optimal operating condition,
but within working tolerances
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Figure 6 Freight Train Derailment - Infrastructure
# |Description (only those contributing >3% shown in d iagram)
Infrastructure Major Derailment Causes 2 |Structural failure of the track superstructure, comprising:
a.|Rail failures
30% - c.|Switch component structural failure
25% d.|Failure of rail support and fastening
25% 1 [ ] 3 |Track geometry failure, comprising:
20% - 15% a. Excessivg track twigt
15% - 13% Lo b.[Track height/cant failure
10% 0 d.[Track buckles (heat-curves)
10% - 6% 6% 8% 6% e.|Excessive track width
50 - H f.]Other track geometry failures
0% ﬂ ﬂ ﬂ Oth|All other causes
2a 2c 2d 3a 3b 3d 3e 3f All other
Infrastructure
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Figure 7 Freight Train Derailment — Rolling Stock
Rolling Stock Major Derailment Causes # Description _(only those contributing >3% shqwn ind iagram)
la |Wheelset failures (wheels and axles), comprising:
40% 7 38% i.|Hot axle box and axle journal rupture
350 | ii.|Axle shaft rupture
1b. [Wheel failure:
30% A i.|Rupture of monoblock wheel
5% | ii.|Failure of composite wheel with rim and tyre
2 Bogie and suspension failures, comprising:
20% - a.|Failure of bogie structure and supports
14% b.|Spring & suspension failure
15% 1 13% 11% 5  |Brake component failure
10% A 8% 6 Other or unknown rolling stock derailment cause
6% 6%
5%
‘NN NN
0%
lai ‘ 1aii ‘ 1bi 1bii ‘ 2a ‘ 2b 5 ‘ 6
Rolling Stock
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Figure 8 Freight Train Derailment — Operational

14% ~

12% ~

10% +

8% -

6% -

4% ~

2% A

0% +

Operational Major Derailment Causes

13%

Operational

Description (only those contributing >3% shown in d iagram)

Train composition failures, comprising:

.|Unfavourable train composition (empties before loaded wagons)

Improper loading of wagon, comprising:

.|Skew loading

.|Wagon wrongly loaded
ii.|Wagon partly unloaded
.|Insufficient fastening of load

Train check and brake testing, comprising:

.|Brakes not properly checked or tested

Wrong setting of points/turnouts, comprising:

.|Wrong setting in relation to movement authority
.|Point switched to new position while point is occupied by train

Mishandling of train en route, comprising:

.|Overspeeding:

.| Too high speed through turnout in deviated position
ii.| Too high speed elsewhere

.|Other mishandling of train

Brake shoe or other object left under train

Other operational failures
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5.3.2 Link between Cause and Speed (for single cause derailments)

Although it is not possible to provide a clear linkage between freight train derailment cause and
speed of derailment, it is the case that some derailment causes occur more often at higher
speed; this is partly due to the type of failure and partly due to the operational constraints that
may be in place. For example, track geometry derailment causes may lend themselves to
lower speed derailments. This is not necessarily because of the specific failure per-se
(although in some cases operating at lower speed may make a derailment more likely), but
possibly because the track geometry defect / failure is known about and therefore trains are
operating at a lower speed.

Conversely, hot axle box (HAB) derailments are more likely to occur at higher speed because
higher train speeds may induce the condition, and also because an impending HAB failure is
not usually known about in advance (and hence is unlikely to be operating at a reduced
speed).

We have made our own assessment in the following tables, using the following nomenclature:

e High Speed — greater than 40 km/h - (HS) indicates that derailments from these causes are
more likely (although not exclusively) to be at higher train speeds.

* Low Speed (LS) indicates that derailments from these causes are more likely (although not
exclusively) to be at lower train speeds.

« Speed Independent (SI) means that there is no observed pattern.

Using this scheme our models produce derailment frequencies for both high and low speed
freight train derailments. We have tested this hypothesis as far as is possible against the
accident data we have both individually and collectively. (In this regard, our accident data
shows that freight train derailments occur slightly more frequently at low speeds — 40km/h or
less - and this is replicated by our models.)

Table 10 Allocation of Cause and Speed (Infrastruct  ure Failures)

E(nvironment) Sl
1. Failed substructure
a. Subsidence Sl
b. Earth slide/tunnel collapse Sl
c. Substructure wash-out due to flooding etc Sl
d. Bridge failure Sl
2. Structural failure of the track superstructure
a. Rail failures Sl
o | b. Joint bar & plug rail failures Sl
2] c. Switch component structural failure SI
2| d. Failure of rail support and fastening Sl
g e. Track superstructure unsupported by substructure Sl
€| f. Other track and superstructure failure |
3. Track geometry failure
a. Excessive track twist LS
b. Track height/cant failure HS
c. Lateral track failure HS
d. Track buckles (sun-curves) HS
e. Excessive track width Sl
f. Other or unspecified track geometry causes Sl
4. Other infrastructure failure Sl
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Table 11 Allocation of Cause and Speed (Rolling Sto ¢k Failures)

1. Wheelset failures (wheels and axles)
a. Axle ruptures
i) Hot axle box and axle journal rupture HS
i) Axle shaft rupture HS
iii) Axle rupture, location not known HS
b. Wheel failure
s i) Rupture of monoblock wheel HS
2 i) Failure of composite wheel with rim and tyre HS
‘Q, iii) Excessive flange or wheel tread wear (wrong wheel profile) LS
£ |2. Bogie and suspension failure
& | a. Failure of bogie structure and supports Sl
b. Spring & suspension failure Sl
c. Other Sl
3. Twisted or broken wagon structure/frame Sl
4. Wagon too high twist stiffness in relation to le ngth LS
5. Brake component failure Sl
6. Other or unknown rolling stock derailment cause Sl
Table 12 Allocation of Cause and Speed (Operational  Failures)
1. Train composition failure
a. Unfavourable train composition (empties before loaded wagons) LS
b. Other Sl
2. Improper loading of wagon
a. Overloading LS
b. Skew loading
i) Wagon wrongly loaded LS
i) Wagon partly unloaded LS
c. Insufficient fastening of load HS
«» | d. Other incorrect loading Sl
S 13. Train inspection and brake testing
E a. Speed not according to brake performance HS
2 1 b. Brakes not properly checked or tested HS
O] c. Brakes not correct set wrt. load or speed of brake application HS
4. Wrong setting of points/turnouts
a. Wrong setting in relation to movement authority LS
b. Point switched to new position while point is occupied by train LS
5. Mishandling of train en route
a. Overspeeding
i) Too high speed through turnout in deviated position HS
i) Too high speed elsewhere. HS
6. Brake shoe or other object left under train LS
7. Other operational failure Sl
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5.3.3 Combinational Causes

Derailments which have been assessed as having several equally important contributing
causes account for 22% of derailments, [7, Annex 1]. For combinational causes we present a
list of defects appearing most frequently:

1. Track geometry defects appear in about 50% of accidents where more than one cause is
present, with track twist the most significant appearing in about 30%.

2. Wheel profile defects appear in about 20% of accidents where more than one cause is
present.

3. Wagon wrongly loaded appears in about 10% of accidents where more than one cause is
present.

4. Train mishandling appears in 10% of accidents where more than one cause is present.

For the purposes of our assessment, we have made the assumption that all accidents as a
result of combinational defects are speed independent.

We also need to ask the question whether removal of one of the defects in the defect chain will
prevent the accident. The answer to this is “probably”, but will depend on the exact
circumstances of each accident.

For the purposes of our quantification we have taken two approaches to modelling these
factors:

« If we assume that removal of one defect will eliminate all accidents containing that cause
then removal of track twist defects will remove 30% of combinational cause accidents. This
is termed the maximum risk reduction potential in the sections below.

This assumption must be applied with care as it can imply that more than 100% of
accidents can be eliminated. To illustrate this point let us assume there are 10 accidents
each having two causes. Let us further assume that five of these accidents have track
twist as a causal factor, another five have wagon loading as a causal factor and the
remaining 10 causes are all unique. By assuming that removal of one defect removes the
accident then it follows that removal of track twist eliminates five of the 10 accidents (50%).
Removal of wagon loading similarly eliminates 50% of accidents and removal of each of
the 10 unique causes removes one in 10 accidents (100%). The total is 200%. We can
assume removal of each cause individually will remove the percentage of accidents in
which it appears (i.e. track twist removes 50% of combinational accidents). We cannot
however summate the total of all causes and apply this as doing so would imply removal of
200% of accidents, which is not correct.

* As areference case we have taken the percentage of times each cause appears amongst
all combinational causes. Using this measure track twist defects for example contributes
12%.

5.4  Causal Frequency Model Usage, Summary and Outputs

We have described our approach to establishing freight train derailment frequency in the
sections above. For the data used, our model produces the following:

e Derailments at HS (above 40km/h) = 235 per year
* Derailments at LS (40km/h and below) = 265 per year

To use our model, we apply measures to a cause that it acts on. As an example we consider
HAB failures, which contribute as follows:
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* 14 low speed derailments (LSD), and

e 49 high speed derailments (HSD).

If a measure could be found to eliminate say 90% of these, then the risk benefit would be:
e 14*0.9=12.6 prevented LSD, and

e 49*0.9=44.1HSD
We use our model in this way to establish the potential benefit that each measure may secure.

In Table 13 we present output from our frequency model, showing the annual quantity of
derailments attributable to each cause. In this table we have combined the total contributions
from single and combinational cause contributions to provide one reference value. For the
major combinational causes discussed above we show the maximum risk reduction potential
that the elimination of each cause may give rise to.

We also present, at Table 14, the maximum potential annual benefit available from each
measure. This assumes that the measure can be 100% effective in eliminating the
causes that it is targeted towards.
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Table 13 Failure Contribution to Freight Train Dera  ilments °
Reference Maximum
Failure LSD HSD LSD | HSD
E(nvironment) 5 2
1. Failed substructure
a. Subsidence 2 | 1
b. Earth slide/tunnel collapse Negligible
c. Substructure wash-out due to flooding etc 1 1
d. Bridge failure 2 1
2. Structural failure of the track superstructure
a. Rail failures 10 4
o b. Joint bar & plug rail failures 3 1
g c¢. Switch component structural failure 6 3
2 d. Failure of rail support and fastening 8 3
2 e. Track superstructure unsupported by substructure 3 1
£ f. Other track and superstructure failure 3 1
- 3. Track geometry failure
a. Excessive track twist 26 8 37 | 13
b. Track height/cant failure 4 9
c. Lateral track failure 2 1
d. Track buckles (sun-curves) 4 14
e. Excessive track width 25 11
f. Other or unspecified track geometry causes 6 3
4. Other infrastructure failure 3 1
U(nspecified) 3 1
1. Wheelset failures (wheels and axles)
a. Axle ruptures
i) Hot axle box and axle journal rupture 14 49
i) Axle shaft rupture 4 16
iii) Axle rupture, location not known 1 2
b. Wheel failure
« i) Rupture of monoblock wheel 2 8
8 i) Failure of composite wheel with rim and tyre 5 18
) ii) Excessive flange or wheel tread wear (wrong wheel profile) 7 3 16 | 7
g’ 2. Bogie and suspension failure
3 a. Failure of bogie structure and supports 9 4
© b. Spring & suspension failure 15 6
c. Other 4 2
3. Twisted or broken wagon structure/frame 3 1
4. Wagon too high twist stiffness in relation to le ngth 1 1
5. Brake component failure 5 2
6. Other or unknown rolling stock derailment cause 7 3
U(nspecified) 4 2
1. Train composition failure
a. Unfavourable train composition (empties before loaded wagons) 8 | 3
b. Other Negligible
2. Improper loading of wagon
a. Overloading 2 | 1
b. Skew loading
i) Wagon wrongly loaded 11 3 15 | 5
ii) Wagon partly unloaded 3 1
c. Insufficient fastening of load 3 8
d. Other incorrect loading Negligible
» 3. Train inspection and brake testing
§ a. Speed not according to brake performance 1 1
® b. Brakes not properly checked or tested 3 10
I3 c. Brakes not correct set wrt. load or speed of brake application 1 2
o 4. Wrong setting of points/turnouts
a. Wrong setting in relation to movement authority 6 1
b. Point switched to new position while point is occupied by train 9 2
5. Mishandling of train en route
a. Overspeeding
i) Too high speed through turnout in deviated position 1 6
i) Too high speed elsewhere. 1 2
b. Other mishandling of train including driver caused SPAD 5 7 9 | 9
6. Brake shoe or other object left under train 8 2
7. Other operational failure 4 2
U(nspecified) 6 2

° In this table derailments are rounded to the nearest whole number, hence the reference total exceeds

500.
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Table 14 Potential Maximum Benefit for Each Measure

Measure Description Time Description Potential Max.
Number Category Risk Red. (/yr)
P-1 Check rail in sharp Short - Medium | Check rails are normally installed at in rigid crossings in turnouts and as such are a requirement of most 25 (mainly LSD)
curves (radius less than European countries. Additionally check rails may be used in curves, although to a lesser extent. They may act
250 metres) to prevent flange climbing which is a cause of derailments. Check rails may therefore be appropriate where
other conditions (such as dry rails, inappropriately loaded wagons etc) have led to the possibility of flange
climbing.

Check rails are not effective against one specific failure cause listed in Table 13; rather they are engineered
features that may help to prevent derailments in some cases. We cannot therefore say that check rails will
mitigate derailments from a specific cause. In place of this, we have reviewed the accident database [7, Annex
1], and from this we estimate that check rails fitted to sharp curves could have reduced derailments in 5% of
derailment cases (based on accident reports which state this, or extrapolation).

We believe this benefit to be achievable by a wider application of this measure.

p-2 Track and flange Short - Medium | The situation here is similar to that presented in P-1 above. 25 (mainly LSD)
lubrication (installed on
track) We further note that in many countries traction unit based lubrication is an applied measure (certainly in the

major freight carrying countries) and this provides a degree of protection from dry rails on main lines. The major
additional benefit from this measure is therefore likely to be at locations that are not frequently operated, hence
sidetracks and lightly used locations.

As a conservative assumption we have used the same 5% value derived for check rails.

We believe this benefit to be achievable by a wider application of this measure.

P-3to P-5 Not used
P-6 Geo radars Short - Medium | High water content and other superstructure failures (conditions that geo radars are able to detect) are N/A
contributors to track geometry failures. However, Infrastructure Managers (IMs) currently have other means to
detect both the causes and consequences of such events. Whilst geo radars could make for a more cost-
efficient identification of these conditions, we cannot conclude that they would detect more cases than traditional
means. We therefore cannot conclude that such measures will lead to a measureable or quantifiable decrease
in freight train derailment frequency/elimination of existing causes.
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Potential Max.
Risk Red. (/yr)
Equipment for monitoring rail profile (and more recently track geometry) that can be mounted on commercial Ref:

rolling stock is being introduced to the market. However, IMs currently have other means, including special 5% * 131 (80 LSD and
wagons or trains, to detect both the causes and consequences of such events. Whilst new equipment could 51LSD)=7

make for a more cost-efficient identification of these conditions.

Time
Category

Medium

Measure
Number

Description

Description

Rolling stock mounted
equipment for
monitoring of rail profile
conditions.

Max:

5% * 147 (91 LSD and
56 LSD) =7

Notwithstanding this discussion, it could be feasible that such equipment is able to detect rail profile and track
geometry defects that occur between scheduled inspection intervals. Also, by application of such equipment on
rolling stock travelling on infrequently used lines (often the places where freight train derailments occur), which
perhaps have a longer inspection interval, such equipment may offer some safety benefit. For the purposes of
providing an approximate assessment, we have assumed that a small number of rail profile and track geometry
defects may be detected sooner than they would have using existing means, and that this may reduce the
reduce the number of derailments accordingly. What is clear is that in the majority of cases track geometry / rail
profile defects are known about, and so the potential benefit is relatively small. For illustrative purposes, we
have assumed that this benefit may lead to a 5% reduction in derailments caused by rail profile or track
geometry defects (on the basis that they are detected sooner). This would equate to 5% of 12a, 12b and 13.

In general we conclude that such measures offer a commercial rather than safety benefit and they will not be
considered further.

Track circuits are installed for train detection purposes although in some cases they may detect rail ruptures N/A
which can be a cause of derailments. However, because track circuits are not relied upon for the detection of
rail ruptures we cannot suggest or propose that they are installed for this purpose. We therefore cannot
conclude that such measures will lead to a measureable or quantifiable decrease in freight train derailment
frequency/elimination of existing causes.

P-8 Track circuit Medium

Note: It may be prudent, in cases where track circuits are to be removed, for the IM to take into account this
loss of secondary functionality.

Our accident analysis [7, Annex 1] indicates that approximately 2% to 3% of derailments are caused by points
that are moved under a freight train. This is a phenomenon largely associated with old infrastructure in
particular entries and exits from marshalling yards.

P-9 Interlocking of points Medium 11 (9 LSD and 2 HSD)
operation while track is

occupied

This measure is likely to be effective against cause O4b, which is predicted to lead to 11 derailments, based on
our risk model outputs (9 LSD, 2 HSD)

We believe this benefit to be achievable by a wider application of this measure.
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Measure

Description ‘

Time

Description

Potential Max.

Number Category Risk Red. (/yr)
Hot axle box (hot Medium Theoretically the potential risk reduction associated with this measure is to eliminate all derailments that are 63 (14 LSD and 49
bearing) detectors caused by hot axle box conditions. (However, for this to be the case such devices need to be installed at a very | HSD)
high density and would need a side track for trains to stop.) These are coded RAlai which our risk model
predicts to result in 14 LSD and 49 HSD.
pP-12 Hot wheel and hot 17 (4 LSD and 13 HSD)
brake detectors In addition to the detection of hot axle boxes discussed above, hot wheel and brake detectors may help to
prevent wheel failures (RS1bi and RS1bii), where these are caused by excessive heat. We do not have a root
cause breakdown for wheel failures; however we have assumed that 50% result from this cause. Our estimate
here is 50% * 33 ~ 17 (made up of 4 LSD and 13 HSD).
This measure is already applied widely throughout the European Community, thereby limiting the potential
benefit somewnhat.
P-11 Acoustic bearing Medium As P-10. 63 (14 LSD and 49
monitoring equipment HSD)
The European Community has invested heavily in measures such as P-10 and others to protect against hot axle
box caused derailments. In this case, this limits the potential benefit that may be achieved by this measure.
P-13 Wheel load and wheel Medium These devices potentially address derailment causes as follows: Ref:
impact load detectors . HAB and axle journal rupture: RS1ai (as P-10) 114 (51 LSD and 63
«  Spring and suspension failures: RS2b, (15 LSD and 6 HSD) HSD)
. Wheel flats that can cause rail breaks: 12a and 12b (combined total 13 LSD and 5 HSD) — we have
assumed that rail breaks are caused on 50% of occasions by this cause; hence values of 6 LSD and 3 Max:
HSD are used. 120 (55 LSD and 65
«  Overloading and skew loading: O2a and O2b (16 LSD and 5 HSD) HSD)
The European Community has invested heavily in measures such as P-10 and others to protect against hot axle
box caused derailments. In this case, this limits the potential benefit that may be achieved by this measure.
P-14 Dragging object and Not considered here — dragging objects, in the form of underframe equipment are considered elsewhere. Derailment detectors are considered as M1.
derailment detectors
P-15 Bogie performance Medium These are likely to be effective against incorrect wheel profile (RS1biii) and skew loading (O2bi and O2bii). Our | Ref:
monitoring/Bogie lateral risk model predicts contributions of 21 LSD and 7 HSD from these causes. 28 (21 LSD and 7 HSD)
instability detection
(bogie hunting) We believe this benefit to be achievable by a wider application of this measure. Max:
47 (34 LSD and 13
HSD)
P-16 Wheel profile Medium Incorrect wheel profile (RS1biii) is likely to cause derailments in combination with track geometry failures. Our Ref:
measurement system / risk model predicts a contribution from these conditions, amounting to 7 LSD and 3 HSD. 10 (7 LSD and 3 HSD)
Wheel profile monitoring
unit We believe this benefit to be achievable by a wider application of this measure. Max:
23 (16 LSD and 7 HSD)
P-17 Not used
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Measure

Description

Time

Description

Potential Max.

Number Category Risk Red. (/yr)
Sufficient availability of This is principally an organisational / funding issue. Ref:
maintenance resources 113 (67 LSD and 46
(for Infrastructure In theory all infrastructure failures could be significantly reduced through the application of greater resources, in LSD)
maintenance) particular to side tracks at stations and other locations where maintenance is perhaps less stringent. In

particular track geometry failures that we have recorded under the category I3 fall into this category. The total Max:
contribution of all other causes is 67 LSD and 46 HSD. 129 (78 LSD and 51
LSD)

P-19 Clearance of Short This is a potential cause of derailment, although we have positively identified only one derailment attributable to | Less than 5 derailment
obstructions from flange this cause. In general we do not consider this benefit to be achievable without significant resource. per year (no speed
groove (particularly at allocation)
level crossings)

P-20 Ultrasonic rail Short Rail failures (12a and 12b), which this measure is aimed at detecting, contribute 13 LSD and 5 HSD as calculated | 18 (13 LSD and 5 HSD)
inspection from our risk model.

This measure is already applied widely throughout the European Community, thereby limiting the potential
benefit somewhat.

P-21 Track geometry Short As P-18. Ref:
measurement of all 113 (67 LSD and 46
tracks LSD)

Max:
129 (78 LSD and 51
LSD)

p-22 EU-wide Medium Track twist is a major contributor to track geometry caused derailments. Further, there is an increasing use of Ref:
intervention/action limits single axle wagons with a very long wheel base which makes the derailment risk in twisted track even larger, 34 (26 LSD and 8 HSD)
for track twist and with an increased containerization the control of skew loading is more of a challenge. Both the above make

it more important to have good control of track twist geometry aspects. We have noted also that accidents Max:

occur within the stated safety limit for this parameter. 50 (37 LSD and 13
HSD)

This measure would require the introduction of a stricter safety limit together with guidance regarding

intervention limits for track twist. However, it is clear from our commentary in P-18 and P-21 that there is still a

challenge regarding adherence to existing limits, hence a new — presumably stricter — limit would place

additional burden on maintenance resources. European wide intervention and action limits should be

considered, otherwise track twist could be an increasing problem due to increased use of long wheelbase

wagons for specific purposes.

From risk model we predict 26 LSD and 8 HSD are attributable to this cause (13a).

P-23 EU-wide Medium As P-22. 36 (25 LSD and 11
intervention/action limits HSD)
for track gauge From our risk model we predict 25 LSD and 11 HSD from this cause (13e).
variations
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Measure
Number

Description

EU-wide
intervention/action limits
for cant variations

Time
Category

Medium

Description

As P-22

From our risk model we predict 4 LSD and 9 HSD from this cause (13b).

Potential Max.
Risk Red. (/yr)
13 (4 LSD and 9 HSD)

P-25 EU-wide Medium
intervention/action limits
for height variations and
cyclic tops
P-26 Flange lubrication - The friction at the contact area between the wheel flanges of railway vehicles and the rails determine wheel and | 50% * 25 (mainly LSD)
locomotives rail wear and the driving effort / energy required. Flange lubrication (on locomotives or track) is applied to =13
reduce such wheel and rail wear (and hence maintenance costs), to reduce noise and also to reduce energy
consumption.
The main potential benefit from a safety point of view is lubrication in curves (see P-2). However, locomotive
based lubrication is not likely to be as effective as fixed track based lubrication systems. Whereas track based
lubrication can be fitted and ensure effective lubrication at specific locations, locomotive lubrication is applied as
a function of speed and other parameters. In lightly used side tracks (which may be operated at low speed)
locomotive based lubrication systems may not deposit sufficient (or indeed any) lubricant and therefore be much
less effective than other solutions.
As a derailment prevention measure we have assumed that this system may be, as a maximum, 50% as
effective as track based alternatives. This measure will not be assessed further by this project.
p-27 Replace composite Medium As can be seen from Figure 7, composite wheels contribute to derailments approximately twice as often as N/A
wheels with monoblock monoblock wheels. However, it is not clear the proportion of each wheel type in existence, and we have no
wheels reliable data to help us estimate these proportions. If we assume a 50/50 split then the potential benefit is equal
to a halving of the number of derailments caused by failure of composite wheels (0.5 * 25 ~ 13).
Although this could be used as a working assumption, we propose not to consider this further, because:
. We already address many technical measures aimed at addressing the causes of wheel failures
. A probable cause of composite wheel failures is the more complex maintenance programme, which is
addressed implicitly by measures such as P-36 and F-2, etc
. The potential benefit are likely to be relatively small (compared to the costs, unless done on an
opportunistic basis)
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Measure
Number

Description

Replace metal roller
cages in axle bearings
by polyamide roller
cages.

Time
Category

Medium

Description

The potential benefit is of a reduction in hot axle box failures and derailments, P-10.

(This is likely to be integrated with the maintenance cycle of axles / wheel sets and be implemented on an
opportunistic basis. Therefore it would not be achieved within the short term, although would be at minimal
cost.)

This measure is partly implemented at present thereby limiting the maximum future potential somewhat. We are
not aware of any authoritative research regarding the safety differential between roller cages of different
materials (brass, polyamide, stainless steel); although we are aware that many RUs are replacing brass for
polyamide on an opportunistic basis. (Internet information indicates that bearings with polyamide roller cages
are more robust to vibrations.)

Potential Max.

Risk Red. (/yr)

63 (14 LSD and 49
HSD)

P-29

Replace existing axles
for stronger axles or
axles with improved
material properties with
regard to crack initiation

Medium

Axle ruptures (RS1laii and RS1aiii) account for about 5 LSD and 18 HSD. The use of stronger materials has a
maximum potential for reducing the quantity of derailments in this category

A European wide research and development program is currently ongoing, EURAXLES with 23 partners. We
do not feel that this project should comment on this on-going work programme,

23 (5 LSD and 18 HSD)

and crack propagation
P-30 Increase the use of Long
central couplers
between wagons in
fixed whole train
operation

The application scope for a measure of this type is probably currently limited to bulk material block trains
composed of uniform standard wagons where it can be beneficial in many ways.

47 (no speed
allocation)

However, it is noted that the White Paper on Transport recommends that (for reasons other than safety) “New
rolling stock with silent brakes and automatic couplings should gradually be introduced.” If an automatic central
coupler with sufficient strength for rail freight operations can be identified then a possible reduction of derailment
frequency may be an added benefit, see also our report [6].

In terms of potential safety benefit (if applied to freight train in general), the introduction of central couplers may
reduce the likelihood of buffer locking derailments and also of derailments associated with compressive forces
under braking. Buffer locking is a contributory cause in a number of derailment accidents. The data used for
our risk model indicates at least 5% of derailments have this as a contributory cause. Train compression
corresponds to failures Ola from our risk model which contributes 11 derailments, and it is a contributory in at
least the same number.

Because fitting to bulk material block trains worked by single operators on set routes is not consistent with an
interoperable railway and because the alternative of fitting to a large part of the freight fleet comes at massive
cost (and is probably a long term measures), we have not considered this measure further.
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Measure
Number

Description

Increase the use of
bogie wagons instead of
multiple single axle
wagons with a long
wheel basis.

Time
Category

Medium

Description

Bogie wagons offer better riding qualities that are more tolerant to sub-standard track conditions, thereby having
a lower derailment rate. It is a measure generally applied for heavy bulk transport applications. For light weight
goods and swap bodies this is not the case. For such operations, single wagons based on single axles allow a
longer loading basis to be obtained at minimum weight and cost. Whilst this is advantageous commercially it is
not beneficial with respect to minimising derailment risk (particularly in relation to track twist).

It may be appropriate to assume that from a derailment safety perspective, many track twist derailments may be
avoided. Whilst the exact number of avoided derailments cannot be precisely estimated, we have assumed that
all track twist defects (contributing to combinational cause derailments) may be eliminated, and 50% of the
remaining track twist single cause derailments may be eliminated. (For these assumptions to apply as stated,
the majority of the freight fleet would need to have this measure applied.)

Notwithstanding this, we have discounted this measure from further consideration, because:

. The maximum potential benefit is relatively small compared to the cost of implementing the measure

. It includes possibly lost business costs and other commercial issues which we are not considering and
therefore the cost versus benefit assessment will be missing some important information

Potential Max.
Risk Red. (/yr)

Ref:

24 (18 LSD and 6 HSD)

Max:
40 (29 LSD and 11
HSD)

P-32 Install disc brakes Medium The main motivation for this measure is likely to be in relation to achieving the Noise TSI. However, it may lead | 17 (4 LSD and 13 HSD
instead of wheel tread to less heat activation of wheels with a corresponding reduction in wheel failures. In that respect, the same
brakes for new wagons. reduction claimed for P12 is applicable here.
This measure is already applied within the European Community (but to a limited extent by present rolling
stock), although limiting the potential benefit somewhat.
P-33 Rolling stock design for Long A requirement to have more fault tolerant rolling stock design could be applied for new wagon purchases. The Ref:
track twists benefits of this measure however may not be realised until the long term, governed by the time (and 24 (18 LSD and 6 HSD)
investments) necessary for the renewal of the targeted wagon scope. In terms of potential derailment safety
benefit, we apply the same assumptions as discussed under P-31. (For these assumptions to apply as stated, Max:
the majority of the freight fleet would need to have this measure applied.) 40 (29 LSD and 11
HSD)
Whilst we have estimated a potential maximum risk reduction potential, this measure is not to be considered
further in this project.
P-34 Secure brake gear Medium This measure would address RS5, which we predict to result in 5 LSD and 2 HSD 7 (5LSD and 2 HSD)

underframe

This measure is already applied within the European Community, thereby limiting the potential benefit
somewhat.
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Measure Potential Max.

Description Time

Description

Number Category Risk Red. (/yr)
Regular greasing and Measures of this type could be introduced quickly, in the form or recommendation or other formal notification. Less than 5 (no speed
checks of rolling stock These could be applied rapidly by RUs, Entity in Charge of Maintenance (ECMs) etc. This may involve greasing | allocation)
buffers. of the mechanical springs inside buffers and of the external buffer plates.

The potential safety benefit is prevention of buffers becoming loose and / or falling off. This is a small
contributor to freight train derailments, contributing no more than 1% of derailment causes.
Renewed emphasis of this measure has the potential to reduce this contributory cause.

P-36 Wheel set integrity Short Wheel sets failures are a major contributor to freight train derailments. They account for RS1la and RS1b Ref:
inspection (ultrasonic) categories with a contribution of 33 LSD and 96 HSD. 129 (33 LSD and 96
programs. HSD)

This measure is already applied very widely, and other measures such as P-10 are also in place against these

failures. This will limit the achievable risk reduction significantly. Max:
142 (42 LSD and 100
HSD)

pP-37 Derating of allowable Short The Agency Joint Sector Support Group (JSSG) has identified an increase in allowable axle loads has been 23 (5 LSD and 18 HSD)
axle loads allowed nationally and has made a limiting recommendation. In this contest, axle ruptures (RS1aii and RS1aiii)

account for about 5 LSD and 18 HSD.
We do not feel this project should comment further on this on-going work programme.
P-38 EVIC (European Visual Short The European Visual Inspection Catalogue for Axle Inspections is being applied on a voluntary basis and we Ref:
Inspection Catalogue)- have identified 23 countries that are using this programme. From our risk model, failures that may be avoided 66 (19 LSD and 47
based inspection of are RS1a and RS1b (with the likely exception of hot axle box conditions). These account for 19 LSD and 47 HSD)
freight train rolling stock HSD.
axles Max:
We do not feel this project should comment further on this on-going work programme. 79 (28 LSD and 51
HSD)

P-39 Double check and Short There are a small number of accidents in our database that could be attributed to this cause, although this is not | 5 (no speed allocation
signing of safety- always stated. As a conservative estimate we have used a value of 5 per year
classified maintenance
operations Benefits are limited by the relatively small number of relevant derailments.

P-40 Qualified and registered | Medium Loading failures are calculated by item 02 within our risk model. They account for 19 LSD and 13 HSD. Ref:
person responsible for 32 (19 LSD and 13
loading In practice this measure is widely applied (through the use of internal training or external qualification) thereby HSD)

limiting the potential benefit somewhat. Extensions to this may include the use of checklists or other sign-off
systems to ensure the process is applied correctly. Max:

38 (23 LSD and 15
We consider there to be some potential for realising some of these benefits. HSD)

Final Part B Report Rev 2.doc

Reference to part of this report which may lead to misinterpretation is not permissible

MANAGING RISK



20 October 2011
Freight Train Derailment: Part B Final Rev 2 Page 42
European Railway Agency DNV

Potential Max.
Risk Red. (/yr)

Measure
Number

Description Time
Category

Description

Locomotive and first
wagons of long freight
trains in brake position
G

Train compression under braking is a derailment cause or contributory cause (especially with trains comprising
loaded and empty wagons). In terms of direct causes, this corresponds to failures Ola from our risk model
which contributes 8 LSD and 3 HSD. Additionally it is a contributory in at least the same number.

Some forms of driver mishandling of the train may also be partly mitigated by this measure, hence O5b
contributing 5 LSD and 7 HSD.

The requirement for the use of the G position is in place in many countries, although it is apparent that it is not

Ref:

34 ((8 LSD and 3 HSD)
*2)+(5LSDand 7
HSD)

Max:
40 ((8 LSD and 3 HSD)
*2)+(9LSDand 9

always applied. HSD)
P-42 Limitations on use of Short As P-41 Ref:
brake action in difficult 34 ((8 LSD and 3 HSD)
track geometry *2)+(5LSDand 7
HSD)
Max:
40 ((8 LSD and 3 HSD)
*2)+(9LSDand 9
HSD)
P-43 Dynamic brake test on Medium Risk model 03b and O3c applies which suggests 4 LSD and 12 HSD may results from failure to test brakes 16 (4 LSD and 12 HSD)
the route correctly.
Such functionality could be applied to the new ETCS and ERTMS train control systems,
P-44 Saw tooth braking to Short We have identified no such derailments that are attributable to this cause, although heat activation of wheels is N/A
limit heat exposure to a potential cause of wheel failure. However, we consider this measure to be applied where it is required and will
wheels not consider it further.
P-45 Initiation of braking or Short We have identified one derailment directly attributable to this cause. We consider this to be part of existing N/A
speed reduction prior to driver practice and will not consider it further.
passing signal showing
reduced speed
P-46 Not allowing traffic Short Alarm management is an important issue, and increasingly so should more equipment be installed. It is also 15 (no speed

controllers and drivers
to override detector
alarms

apparent that a number of derailments occur after passing a hot axle box which in some cases has identified the
condition.

We have made a conservative assumption that failures in this area contribute about to 15 derailments per year.

The use of newer equipment with better alarm handling and lower false alarm rate is likely to secure benefits.

allocation)
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Measure
Number

Description

Wagons equipped with

Time
Category

Medium

Description

Loading failures are calculated by item 02 within our risk model. They account for 19 LSD and 13 HSD.

Potential Max.
Risk Red. (/yr)
Ref:

to reveal hot axle box
conditions

a balance to detect 32 (19 LSD and 13
overload in visual This specific measure was advised as a local solution used by one RU. HSD)
inspection.
The use of this measure has some potential for improving the current situation, although it is unlikely that the Max:
maximum potential can be realised. 38 (23 LSD and 15
HSD)

F-1 End of train device Medium This measure is principally indented to speed up brake application in long trains, give more reliable brake N/A

(brakes) application in emergencies as well as reduce train compression when braking long trains as the brakes are
applied both from the front and rear of the train. If train lengths are increased this may become a more
significant issue for the European railways than it is at the moment. But is not seen as an important element
today and has been eliminated.

F-2 Awareness program Short This is an issue relating to the safety management systems and culture of RU / keepers / wagon owners as well | 53 (37 LSD and 16
and improved as the supervision of this by National Safety Authorities (NSAs). The identification of key maintenance issues HSD)
maintenance for Rolling that have led to derailment could facilitate this process at a national level. Excluding wheelset maintenance
Stock which is covered at various places above, other benefits include those quantified at RS2, RS3, RS4 and RS5.

These account for approximately 37 LSD and 16 HSD
The use of this measure has some potential for improving the current situation, although it is unlikely that the
maximum potential can be realised.
F-3 Heat sensitive material Short The effectiveness of this measure is limited by the chance that an indication provided by this measure can be 25% * 63 (14 LSD and

detected in time for a derailment to be prevented. This measure may be effective for routes in which a HABD is
not installed or where a HAB alarm has been raised — in this case providing assistance to the driver in
identifying the defective axle box. In addition, it may be able to detect cases where a HAB is present, but below
the detection threshold of HABDs. The effectiveness of this measure depends on the speed in which a HAB
develops, which is variable and is based on train speed, track and wheel quality, wagon loading conditions
amongst others.

Of course this measure could be effective against most situations if wagons were inspected frequently (perhaps
every 40 km) whilst on a journey. Such an inspection requirement however this is not feasible; our assumption
is that a measure of this type may have a maximum risk reduction potential possibly 25% of the total number of
HAB caused derailments.

Given the significant investment in technical and other measures to address this problem, we cannot foresee a
measure of this type being of significant benefit and it will not be considered further.

49 HSD) = 16
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Measure Description Time Description Potential Max.

Number Category Risk Red. (/yr)
Machine Vision Devices | Medium 3-D image capture systems are used in at least the USA and China, and at some test sites within Europe. They | Ref:
may detect loading errors, open hatches (which are the cause of a small number of derailments) and may be 53 (34 LSD and 19
equipped with other modules including hot axle box and other heat sensing devices. They are also used to HSD)
detect profile violations and fires, although these are not direct derailment causes. They may also detect some
suspension failures. Max:
59 (38 LSD and 21
Loading failures are calculated by item 02 within our risk model. They account for 19 LSD and 13 HSD. HSD)
Suspension failures are assessed (RS2b) to account for 15 LSD and 6 HSD
F-5 Telematics Medium Improved telematics solutions could enhance the capture of information and aid the maintenance function by N/A

providing better and more timely information provision. To be of use however these systems require trackside
(or on-board) equipment able to capture this information. We conclude that this is not a measure in its own right
and are not going to consider it further.

F-6 Anti-lock devices Medium These devices may reduce the instance of wheel locking under braking or other fault conditions, thereby 27 (11 LSD and 16
potentially reducing the incidence of wheel flats. Wheel flats that can cause rail breaks: 12a and 12b (combined HSD)

total 13 LSD and 5 HSD) — we have assumed that rail breaks are caused on 50% of occasions by this cause;
hence values of 7 LSD and 3 HSD are used. Other potential benefits may include improved axle fatigue life due
to less fatigue, although this potential improvement is not readily quantifiable.

Anti-lock devices may help to prevent wheel failures (RS1bi and RS1bii), where these are caused by excessive
heat. We do not have a root cause breakdown for wheel failures; however we have assumed that 50% result
from this cause. Our estimate here is 50% * 33 = 17 (made up of 4 LSD and 13 HSD).

F-7 Sliding wheel detectors. | Medium These systems detect wheels that are not rotating correctly and raise an alarm, with similar benefits to the 27 (11 LSD and 16
antilock device for freight wagons described above. HSD)
F-8 Handbrake interlock. Medium This would prevent a freight train moving off with the handbrake applied and therefore reduce the likelihood of 19 (9 LSD + 10 HSD)

subsequent issues like wheel flats, overheating and track damage accounting for 7 LSD and 3 HSD as F-6.

Handbrake interlocks may help to prevent wheel failures (RS1bi and RS1bii), where these are caused by
excessive heat. We do not have a root cause breakdown for wheel failures; however we have assumed that
50% result from this cause. Our estimate here is 50% * 33 = 18 (made up of 4 LSD and 13 HSD). This
however has to factored by the amount of times where the cause is a handbrake that is applied. For the
purposes of this assessment we have used a conservative assessment that this is the case 50% of occasions.
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6.0 Derailment Scenarios and Consequences
6.1  Analysis of Derailment Consequences
6.1.1 Factors Affecting Derailment Consequences

In terms of consequences of a freight train derailment a number of factors apply. These
include but are not limited to:

* The presence of controls to reduce (mitigate) the consequences. These may include:
technical measures such as physical protection of tank wagons, operational measures
such as speed restrictions, and “harmless infrastructure” (i.e. absence of sharp objects),
etc™.

* The type of freight being carried.

* Route selection to separate passenger and freight traffic or to avoid stations and places
with large numbers of people and other sensitive locations, etc.

* Layout and geography of the infrastructure and surrounding environment.

“Luck” and circumstance on the day may also contribute to one accident having few
conseqguences, whereas a very similar accident can result in very significant losses.

6.1.2 Location of Derailment and Train Type

Our first observation when studying accident reports [7, Annex 1] was the predominance of
freight train derailments that occur in stations'. In fact about 50% of accidents we have
studied occur at these locations. This is an important parameter to consider because stations
are potentially densely populated areas which of course has a bearing on freight train
derailment impacts. We therefore started our analysis by considering location, and have
considered the following:

» Stations
« Urban densely populated areas outside stations
¢ Countryside

At this point of our analysis we identified that the next factor to influence the impacts was the
type of freight train that has been derailed, specifically if it involved dangerous goods. This is
linked directly to the preceding discussion because the derailment of a dangerous goods train
in a station has potentially more severe impacts than elsewhere.

6.1.3 Type of Derailment

Our next consideration relates to the type of derailment, and whether it is immediately severe
(defined as a derailment with a mechanical impact that may cause a dangerous goods leak or
cargo spill) or not. An immediately severe derailment will normally involve a wagon
overturning, or being unable to move therefore confining the incident to the derailment location.

In this case, there is a high likelihood that the contents will be lost, which in the case of
dangerous goods may have immediate consequences to people and the environment. This is
modelled within our event tree as:

» Contents spill / load lost.

1% Note that this part of the project is only required to assess mitigation measures related to the detection
of a derailment — other mitigation measures are not considered further by this work.
! We allocated a derailment to a location based on the location stated in the accident report.
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As an alternative, the derailment may not be immediately severe. In this case the train may
continue if the driver (or other observer) has not identified the situation. Should the train
continue (without detection of the initial derailment) we have assumed that a severe
derailment*? will occur at some time in the future. Conversely, if the initial non-severe
derailment is detected then the driver has an opportunity to bring the train to a safe stop.

We have discussed here the branches on our event trees as follows:
* Derailment immediately severe?

e Is partial derailment detected?

e Partially derailed train brought to a safe stop?

The discussions presented above deal with the direct outcomes of the initial derailment. The
final part of our analysis considers the possibility of secondary outcomes and impacts.

6.1.4 Secondary Outcomes

An important consideration further influencing the outcome and impacts of a freight train
derailment are:

* If a wagon or wagon load fouls an adjacent line.

» If the freight train derailment is then compounded by a secondary event, namely a collision
with an approaching passenger or second freight train.

We show these in a logical structure using an event tree.

2 We note that it may be possible for an initially non-severe derailment to occur and for the train to
continue and re-rail; we have not modelled these cases due to their rarity and problems with data
capture for such events.
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Figure 9 Freight Train Derailment Partial Event Tre e
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6.2 Event Tree Model Data

In total there are 6 event trees; one for countryside (meaning locations outside main population
areas); station (meaning railway stations); urban (meaning locations with the potential for a
high population density). Each has a high and low speed variant.

Data used to populate the scenario models are presented in Table 15 and Table 16.
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Table 15 Data Table for Low Speed Derailment

Item Variant Data  Description Data Source
1. Derailment location | Station 71% 71% of LS derailments occur in stations. DNV Accident Analysis [7, Annex 1].

The method used was to identify the speed and location of each
derailment, allowing the appropriate percentages to be calculated.

Urban 3% 29% of LS derailments occur at urban locations. DNV Accident Analysis [7, Annex 1]

To calculate this data we apportioned the 29% of LSD that occur
outside station between urban and countryside. We made a
conservative assumption 10% of the time these occur in densely
populated urban areas. Hence ~ 3%. (Our modelling therefore
assumes that 74% of freight train derailments occur in either
stations or urban, i.e. heavily populated areas.)

Countryside 26% 26% of LS derailments occur outside stations. Calculation as | DNV Accident Analysis [7, Annex 1]
above.
2. DG train'®? None 66% The proportion of trains carrying at least one DG wagon. Agency Impact Analysis, [1]. A review of

freight transport data indicated the original

The probability of the derailed wagon carrying dangerous goods is value to be valid.

addressed in the impact modelling, and uses the same
assumptions regarding trains running in complete and mixed
configurations as applied by the Agency [1]

3. Immediately None 26% Proportion of LS freight train derailments that are immediately | DNV Accident Analysis [7, Annex 1] (and
severe? severe calculated by summing the number of LSD that were | compared with Agency Impact Analysis,
immediately severe. [1]).

(Note to check this data item against the previous Agency work, we
have summed the total number of derailments that were
immediately severe (i.e. LSD and HSD). This reveals a combined
total of 32% of derailments are immediately severe. This compares
closely with the Agency figure of 33% for the same parameter.)

'3 A DG train is one which contains at least one wagon carrying DG. It is possible that a derailment of a DG train does not involve a DG wagon.
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Item Variant Data Description Data Source
4. Is partial None 70% This data item is conditional on the outcome of 3 and is the | Agency Impact Analysis, [1].
derailment detected? percentage of partially derailed freight trains that are detected

(before the consequences become severe).
5. Is the train brought | None 96% This data item is conditional on the outcome of 4 and is the | DNV Accident Analysis [7, Annex 1]
to a safe stop? percentage of detected partially derailed freight trains that are

brought to a safe stop. This differs from the previous Agency

analysis, [1], which assumed all such outcomes would be safely

managed.

We derived this information by identifying cases where a initial

derailment had been detected, but the outcome was still a severe

derailment.
6. Contents / load | None 30% This data item is conditional on the outcome of 5. Conservative assumption, supported by

spill?

There is limited to support an analysis based on accident data, so

we have chosen to apply conservative assumptions to this field, as

follows:

«  Probability of wagon being empty — 50% (this is a contributing
factor to freight train derailments, where empty wagons can
often increase the likelihood of a derailment).

e Where not empty, we have assumed a DG release 60% of the
time for a LS severe derailment

*  Value applied = 60% * 50% = 30%

DNV Accident Analysis [7, Annex 1] (items 6,
7 and 8)
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Item

7. Foul adjacent line?

Variant

None

Data

38%

Description
This data item is conditional on the outcome of 6.

There is limited to support an analysis based on accident data, so

we have chosen to apply conservative assumptions to this field, as

follows:

*  Probability of derailment on lines where there is other traffic;
50%. (Some derailments are on single line or lines where there
is little traffic.)

¢ Derailment infringes envelope of trains running on adjacent
line: 75%.
Value applied = 75% * 50% = 38%

A small number of accidents of this type are included in our
accident database, with a smaller number that lead to any
consequences of significance.

8. Secondary
collision?

None

1%

This data item is conditional on the outcome of 7.

Factors that are relevant here are traffic volume, communication
systems, time of day, freight routing etc.

We have applied a factor of 1% based on an analysis of accident
data. The combination of the factors described above when used
in our model result in a predicted event of this type about once per
year, which correlates with the accident data we have studied.

Data Source

9. Passenger train
hits derailed freight
wagon

None

50%

We have applied an even distribution between a passenger and
freight train being involved in a secondary collision.

DNV Accident Analysis [7, Annex 1]

Final Part B Report Rev 2.doc

Reference to part of this report which may lead to misinterpretation is not permissible

MANAGING RISK



20 October 2011

Freight Train Derailment: Part B Final Rev 2

European Railway Agency

Page 52
DNV

Table 16 Data Table for High Speed Derailment

Item Variant Data  Description Data Source
1. Derailment location | Station 33% 33% of LS derailments occur in stations. DNV Accident Analysis [7, Annex 1]
The method used was to identify the speed and location of each
derailment, allowing the appropriate percentages to be calculated.
Urban 7% 67% of LS derailments occur outside stations. Our assumption is | DNV Accident Analysis [7, Annex 1]
that 10% of the time these occur in densely populated areas.
Calculation as LSD.
Countryside 60% 67% of LS derailments occur outside stations. Our assumption is | DNV Accident Analysis [7, Annex 1]
that 90% of the time these occur in countryside or sparsely
populated areas. Calculation as LSD.
2. DG train? None 66% No change from LS table.
3. Immediately None 49% Proportion of HS freight train derailments that are immediately | DNV Accident Analysis [7, Annex 1]
severe? severe.
4. Is partial None 70% No change from LS table.
derailment detected?
5. Is the train brought | None 96% No change from LS table.
to a safe stop?
6. Contents / load | None 40% This data item is conditional on the outcome of 5. There is limited to
spill? support an analysis based on accident data, so we have chosen to
apply conservative assumptions to this field, as follows:
«  Probability of wagon being empty — 50% (this is a contributing
factor to freight train derailments, where empty wagons can
often increase the likelihood of a derailment).
«  Where not empty, we have assumed a DG release 80% of the
time for a LS severe derailment
¢ Value applied = 80% * 50% = 40%
7. Foul adjacent line? | None 38% No change from LS table.
8. Secondary None 1% No change from LS table.

collision?
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Variant Data Description Data Source
9. Passenger train None 50% No change from LS table.
hits derailed freight
wagon
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6.3 Consequence Model Usage, Summary and Outputs
6.3.1 Model Outputs

Interrogation of the event tree model reveals the end consequences. Considering the first
branch shown in Figure 9 the outcome is:

* DG train derailment

* Immediately severe

e Loss of containment

* Fouls adjacent line

e Hit by train on adjacent line

e Train on adjacent line is a passenger train

In total there are over 100 potential outcomes (when allowing for different speed and location).
However these simplify to a smaller sub-set of identical consequences, which are:

Table 17 Range of Possible Event Tree Outcomes

Conseguence |Description

SD1 Severe derailment occurring immediately, contents spilling, fouling adjacent line and affecting passenger train
on adjacent line

SD2 Severe derailment occurring immediately, contents spilling, fouling adjacent line and affecting freight train on
adjacent line

SD3 Severe derailment occurring immediately, contents spilling, fouling adjacent line but no affect on adjacent line

SD4 Severe derailment occurring immediately, contents spilling but no affect on adjacent line

SD5 Severe derailment occurring immediately , fouling adjacent line and affecting passenger train on adjacent line

SD6 Severe derailment occurring immediately , fouling adjacent line and affecting freight train on adjacent line

SD7 Severe derailment occurring immediately , fouling adjacent line but no affect on adjacent line

SD8 Severe derailment occurring immediately but no contents spill or no affect on adjacent line

SD9 Occurring some time after initial derailment (detected by driver/others but unable to apply safe
stop/undetected), contents spilling, fouling adjacent line and affecting passenger train on adjacent line

SD10 Occurring some time after initial derailment (detected by driver/others but unable to apply safe
stop/undetected), contents spilling, fouling adjacent line and affecting freight train on adjacent line

SD11 Occurring some time after initial derailment (detected by driver/others but unable to apply safe
stop/undetected), contents spilling, fouling adjacent line but no affect on adjacent line

SD12 Occurring some time after initial derailment (detected by driver/others but unable to apply safe
stop/undetected), contents spilling, but no affect on adjacent line

SD13 Occurring some time after initial derailment (detected by driver/others but unable to apply safe
stop/undetected), no contents spilling, fouling adjacent line and affecting passenger train on adjacent line

SD14 Occurring some time after initial derailment (detected by driver/others but unable to apply safe
stop/undetected), no contents spilling, fouling adjacent line and affecting freight train on adjacent line

SD15 Occurring some time after initial derailment (detected by driver/others but unable to apply safe
stop/undetected), no contents spilling, fouling adjacent line but no affect on adjacent line

SD16 Occurring some time after initial derailment (detected by driver/others but unable to apply safe
stop/undetected) but no contents spill or affect on adjacent line

NSD1 Number of non severe derailments per year. Must be without contents spill and no affect on adjacent line
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6.3.2 Model Predictions

Based on the assumptions and data reported, and also that dangerous goods trains may
contain only DG tank wagons, or combination of DG tanks / wagons and normal freight, our
model predicts the following outcomes™:

« Immediately severe derailment involving a DG wagon; 19 out of 500 derailments ~ 4%.

« Not immediately severe derailment involving a DG wagon; about 11out of 500 derailments
~ 2%.

« Immediately severe derailment involving a normal freight wagon; about 165 out of 500
derailments ~ 33%.

« Not immediately severe derailment involving a normal freight wagon; about 93 out of 500
derailments ~ 19%.

« Derailments detected (by staff or others) and train brought to a safe stop; about 204 out of
500 ~ 41%.

« Derailments detected (by staff or others) but not brought to a safe stop; about 8 out of 500
~ 2%.

The model is principally to be used, in conjunction with the frequency model, to test the
potential effectiveness of the measures we have identified.

With regard to the consequence model described in this section, one particular measure is to
be specifically tested, and that is measure number M-1. Measures in this category are wagon
devices to detect derailment and either apply train brakes automatically (M-1a) or inform the
driver of the suspected derailment (M-1b).

Considering these measures, the following model output parameters are important:

*  Our risk model predicts 104 freight train derailments (comprising 93 normal freight wagon
derailments and 11 derailments involving DG wagons) that are not immediately severe and
are not detected. Wagon devices of type M-1 have the potential to bring these trains to a
safe stop.

« The maximum potential benefit of such devices is therefore to prevent 104 derailments
from becoming severe (assuming each and every wagon were to be fitted with devices of
this type). However, we also know that some identified drawbacks must be considered for
assessing the efficiency of this measure. These will be considered in the following study
tasks.

Note these values differ slightly compared with the published report [7] as a result of minor
data and modelling updates.

 These add to 101% because of rounding errors
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7.0  Summary of Consequences (and Impacts) *°

7.1 Impact Types
The event tree presented and described leads to the following potential impacts:

1. Infrastructure damage. Some degree of track damage will occur following a derailment.
The extent of this depends on the geography and location of the derailment and also the
severity and length of time taken for the train to stop.

2. Rolling Stock damage. Some degree of rolling stock damage will occur following a
derailment. The extent of this depends on the geography and location of the derailment
and also the severity and length of time taken for the train to stop.

3. Operational disruption. Some degree of operational disruption will occur following a
derailment. The extent of this depends on the geography and location of the derailment
and also the severity and length of time taken for the train to stop.

Injury or loss of life of the train driver as a direct result of the accident.

Loss of containment (for Dangerous Goods). This outcome has two components: the
potential for loss of life extending beyond the train driver and possibly affecting the wider
population); environmental contamination. We consider the case of freight trains that carry
only dangerous goods and those where dangerous goods form only part of the cargo.

6. Secondary event, involving a second train colliding with the derailed train. (From our own
analysis [7, Annex 1, accident numbers SE-4, SE-6 and DE-29 apply] there is evidence of
such events occurring).

For categories 1 to 5 discussed above, the monetised impacts as used by the Agency [1] are to
be re-used. Additional impacts are to be assessed for item 6 above.

There are other consequence affecting factors that have not been specifically modelled. These
include, but are not limited to:

1. Rolling down an embankment and involving the general public.
2. Derailing in such a way as to infringe non-rail traffic (principally road traffic).
3. Derailments in tunnels.

We have not modelled these because there are no data to suggest derailments at these
locations are any more common than open-line derailments. Also, the consequences may not
necessarily be more severe. For example a dangerous goods derailment in a tunnel is likely to
be contained and not directly affect members of the public, unless the tunnel is hit by another
train which is very unlikely. It may be prudent for specific locations such as these to be further
considered by a future study.

These are excluded from the present study on the basis of their rarity and therefore low
weighted impacts compared with other more likely accident scenarios.

> For the purposes of this report we define consequences as the range of outcomes of the freight train
derailment accident whereas impacts are the associated quantified or qualified level of loss associated
with the consequence.
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7.2  Impact Modelling
7.2.1 Dangerous Goods Consequence Models

When a derailment of a DG train occurs, there can be a number of outcomes including loss of
life should a DG leak occur. The calculation of the consequence from a DG incident is
explained below.

The calculation starts from the total number of DG derailments involving a contents spill. The
contents spill can affect persons in the vicinity of the derailment, with the quantity of people
potentially affected defined by the location of the incident. In this regard previous Agency work
[1] specified a population density taken as a mean average weighted by the railway network
length, with this set at 144 per km?. Our models however have three possible incident
locations: stations; urban; countryside.

We note that a factor of 3:1 is used [10] to represent the density at stations compared with
urban locations. As a conservative assumption, we have used a density of 144 per km? for
urban locations and a density of 432 per km? in stations. For countryside we used a density
value of 80 per km? (If we assume that a freight train travels 10% of the time in stations and
heavily populated areas, 25% of the time in urban areas, and 65% of the time in countryside
areas, the weighted average population density equals approximately 144 per km?.)

Next we considered the likelihood of various accident scenarios involving a specific class of
DG carried. To enable us to do this, the percentage of DG class carried was obtained by
examining the total annual railway transport of DG in millions of tonne kilometres, taken from
EUROSTAT [11]. (This is represented in the last column of Table 18.)

A further consideration is the train formation, and whether a DG train is carrying DG
exclusively, or whether it is of mixed configuration. For this Agency data [1] was used,
modified for recent DG transport figures, and is incorporated into the calculations.

For each class of DG the probability of accidents occurring has been calculated, using data as
shown in the tables below. Pool fire has been excluded as the considered impact distance is 2
x 10 meters and it is assumed that the nearest population is 30 metres from the track.

Table 18 Considered Accident Scenario by Class of D angerous Goods Vehicle

DG Toxic (%) Solid VCE (%) BLEVE (%) | Fire (%) Jet Fire (%) % goods
Class Explosion in class

1 1.27
2 33 11 11 11 12.70
3 13 87 59.00
41, 42,0 100

4.3 4.27
5.1 0 100 3.86
5.2 0 0 100 0.06
6.1, 6.2 84 16 2.77
7 0.23
8 6 11 7.70
9 8.14
All 100

The table above therefore shows the probability that a DG train derailment will involve a certain
class of DG. For example incidents involving Class 2 DG a toxic release will result in 33% of
occasions, [12]. Where the outcome is a potential fire, the probably of ignition is also applied
using the factors in Table 19 below, [12].
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Table 19 Probability of Ignition of a Flammable Rel  ease

DG Class Toxic Solid VCE BLEVE Fire Jet Fire
Explosion
1
2 [0 o 0.7 0.7 [0 0.7
3 [0 o o [0 0.2 o
41,42,43 [0 o o [0 0.5 o
51,52 [0 o o [0 0.5 o
6.1, 6.2 [0 o o [0 0.2 o
7 [0 o 0 0 0 0
8 [0 o o [0 0.2 o
9 [0 o o [0 [0 o
All

Hence, a VCE will occur in 11% * 70% of cases where a severe incident involves a Class 2 DG
wagon.

The impact area in m? and the lethality parameters were taken from [13], as follows.

Table 20 Impact and Lethality Factors

DG Accident Scenario Impact Area (m2) |Lethality (%)

Pool Fire 320 100
Vapor Cloud Explosion (VCE) 11300 100
Boiling Liquid Expanding in Vapor Explosion (BLEVE) 44000 100
VCE of Liquefied Propane Gas (LPG) 18000 100
Jet Fire og LPG 2400 100
Chlorine Release 540000 50
Amonia Release 20000 50
Class 4 Fires 1200 100
Less Significant 320 100

When a derailment of a dangerous goods vehicle occurs there will also be an associated
environmental cost. The number of DG derailments involving a contents spill obtained from the
event tree is multiplied by the environmental cost per event, for which we have used the
Agency work [1]. Environmental damage has not been considered for normal freight
derailments.

7.2.2 Normal Freight Human Fatalities and Injuries

When a normal freight vehicle derails there could also be a number of human fatalities or
injuries if the freight train collides with a passenger train.

From our accident analysis [7, Annex 1] we note only one case where injuries have been
recorded, and in this case the number of injuries recorded was 2.

The number of injuries from normal freight derailments is calculated one in 10 accidents. This
is a conservative assumption as our accident database indicates something less than this.

These values are used, with an associated cost per injury, as previously used by the Agency
[1].

Concerning fatalities, it is very rare for these to occur from the mechanical impact associated
with a freight train derailment. In the accidents we have studied there have been none
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reported over a 10 year period. We note that the Agency [1] used an estimate of one per year,
however this would seem pessimistic based on available data.

Eurostat (table rail_ac_catvictin) records zero 3™ party fatalities associated with train
derailments (with the exception of Viareggio) in the period 2006 to 2009 and 6 railway
employee fatalities in the same period (both for the EU-27) although Eurostat includes both
passenger and freight train derailments. For freight train derailments there are fewer railway
employees at risk (usually the driver only), and we also note that it is unusual for the
locomotive to be directly involved.

These data lead us towards a fatality figure, resulting from the mechanical impact of a freight
train derailment, as significantly less than one per year and for the purposes of our assessment
we have selected a value of 0.2 fatalities per year.

7.2.3 Freight Train Derailment Railway System and Operational Disruption

When a freight train derailment occurs there will be additional impacts on the railway system
and operations. The following parameters were used relating to the costs associated with
these impacts, [1].

Table 21: Railway System and Operational Costs ~ *°

Track Damage Wagon Damage Disruption Costs
Scenario Average Km |Cost (E/km) | # wagons |Cost/wagon (E/wagon) |Hours disruption |Cost/hour (E/hour)
Immediate severe, DG involvement 0.5 427746 7 23526 50 16040
Not immediate severe, DG involvement 5 160405 7 23526 50 16040
Immediate severe, no DG involvement 0.5 427746 7 12832 50 16040
Not immediate severe, no DG involvement 5 160405 7 12832 50 16040
Not severe derailment, safe stop 0.5 32081 2 5347 12 8020

7.3  Impact Model Usage, Summary and Outputs

We report above the development of our impact models. Using the model, with the parameters
described, the following results are obtained (for the case of 500 derailments per year):

e Total cost of freight train derailments = Euro 505 million. (This may vary between Euro 195
million and Euro 701 million using minimum and maximum values defined in [1, section
8.2]).

e Average cost per freight train derailment = Euro 1.01 million. (Ranging between Euro
390,000 and Euro 1,402,000 using minimum and maximum values defined in [1, section
8.2].

¢ Number of fatalities = 3.9 (resulting mainly from incidents in which there is a release of
DG).

* Major cost impact relates to operational disruption.

As a comparison, our database [7, Annex 1] has recorded 2 accidents with loss of life and
these are associated with incidents in which there is a release of DG. These equate to a total
loss of life of 34 over a 10 year period. This is consistent with our modelling.

The principal future use of our impact model is the calculation of benefits that may be achieved
through the implementation of new measures.

10 Updated for inflation using rates of 3.7%, 1% and 2.1% for 2008, 2009 and 2010 respectively.
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8.0 Measures Analysis and the Top Ten
8.1 Assessment Categories

The measures we have identified as part of our Part A activities are assessed as described in
Table 22 (for preventative measures) and Table 23 (for mitigation measures). For these we
have applied the following general scheme to determine our assessment methodology:

¢ Measures which have previously been discarded or are out of scope are referenced in
the table below with a reference to that part of our analysis where this was agreed.

+ For measures that are not discarded, we have considered how best to assess them.
0 We have used qualitative basis for assessment if the following applies:

= They generally offer only small benefit in comparison with other measures,
and / or;

= They form part of a suite of measures that can be integrated together (for
example a number of measures identified associated with rolling stock
maintenance which can be integrated into a single measure), and / or;

= There is insufficient data to enable a more detailed assessment and
therefore there would be significant uncertainty in the results.

¢ Otherwise, measures are assessed on a quantified basis.
Table 22 Assessment Method for Preventative Measure s

Measure Description Time Efficiency Assessment?

Number Category

P-1 Check ralil in sharp Medium We have established parameters to enable a quantified assessment.
curves (radius less than This is reported in Section 8.2.2.1
250 metres)

P-2 Track and flange Medium We have established parameters to enable a quantified assessment.
lubrication (installed on This is reported in Section 8.2.2.2
track)

P-3to P-5 Measure number no These measures are related to collision events, where derailment is
longer used. a secondary consequence. They have not been considered further

P-6 Geo radars Medium This measure was considered to have a commercial benefit rather

than a direct derailment reduction benefit and has not been
considered further.

pP-7 Rolling stock mounted Medium This measure was considered to have a commercial benefit rather
equipment for than a direct derailment reduction benefit and has not been
monitoring of rail profile considered further.
conditions.

P-8 Track circuit Medium This measure is primarily for train detection purposes and has not

been considered further.

P-9 Interlocking of points Medium This is a relatively low frequency / low severity contributor to freight
operation while track is train derailments. We have undertaken a qualitative assessment for
occupied. this measure in Section 8.6.1.1

P-10 Hot axle box (hot Medium We have established parameters to enable a quantified assessment.
bearing) detectors. This is reported in Section 8.2.2.3

pP-12 Hot wheel and hot These devices are assessed together as they are often part of the
brake detectors. same detection system.

P-11 Acoustic bearing Medium We have established parameters to enable a quantified assessment.
monitoring equipment This is reported in Section 8.2.2.4

P-13 Wheel load and wheel Medium We have established parameters to enable a quantified assessment.
impact load detectors This is reported in Section 8.2.2.5

&
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Measure

Description

e

Efficiency Assessment?

Number

Category

P-14 Dragging object and Medium Dragging objects are a low contributor to freight train derailment.
derailment detectors Derailment detectors are assessed at M1. Not considered further.
P-15 Bogie performance Medium We have established parameters to enable a quantified assessment.
monitoring / Bogie This is reported in Section 8.2.2.6
lateral instability
detection (bogie
hunting)
P-16 Wheel profile Medium We have established parameters to enable a quantified assessment.
measurement system / This is reported in Section 8.2.2.7
Wheel profile monitoring
unit
pP-17 Measure nhumber no These measures related to collision events, where derailment is a
longer used. secondary consequence. They have not been considered further
P-18 Sufficient availability of Short We have established parameters to enable a quantified assessment.
maintenance resources This is reported in Section 8.2.4.2
(for Infrastructure
maintenance)
P-19 Clearance of Short We have established parameters to enable a quantified assessment.
obstructions from flange This is reported in Section 8.2.4.1
groove (particularly at
level crossings)
P-20 Ultrasonic rail Short Rail brakes/ruptures are relatively low frequency contributors to
inspection freight train derailments. We have undertaken a qualitative
assessment / discussion for this measure in Section 8.6.1.2
p-21 Track geometry Short Addressed with P-18 above.
measurement of all
tracks
p-22 EU-wide Medium We have undertaken a qualitative assessment for these measures in
intervention/action limits Section 8.6.3.1
for track twist
P-23 EU-wide Medium
intervention/action limits
for track gauge
variations
P-24 EU-wide Medium
intervention/action limits
for cant variations
P-25 EU-wide Medium
intervention/action limits
for height variations and
cyclic tops
P-26 Flange lubrication - Medium This measure is primarily for wear reduction purposes and has not
locomotives been considered further.
p-27 Replace composite Medium Insufficient data to enable the measure to be quantified.
wheels with monoblock
wheels
P-28 Replace metal roller Medium We have established parameters to enable a quantified assessment.
cages in axle bearings This is reported in Section 8.2.3.1
by polyamide roller
cages.
P-29 Replace existing axles Medium Currently the subject of an on-going work programme (EURAXLES).

for stronger axles or
axles with improved
material properties with
regard to crack initiation
and crack propagation

Not assessed by this project.
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Measure

Description

e

Efficiency Assessment?

Number

Category

P-30 Increase the use of Long Probably limited to bulk material block train on set routes. Cost of
central couplers this measure significant compared to benefit. Not assessed by this
between wagons in project.
fixed whole train
operation

P-31 Increase the use of Medium Potential benefit considered relatively small compared to the cost of
bogie wagons instead of implementation. Significant commercial issues. Not assessed by
multiple single axle this project.
wagons with a long
wheel basis.

P-32 Install disc brakes Medium The primary objective for this measure is likely to be in relation to the
instead of wheel tread Noise TSI. Whilst it may have secondary benefits in terms of
brakes for new wagons. reduced heat activation of wheels, potentially reducing wheel failure

rates, it is not considered there is a strong enough correlation
between this measure and a reduced derailment rate to justify its
consideration as a freight train derailment measure. Also, other
measures are in place, or could be put in place, which would be
more effective against this potential derailment hazard.

P-33 Rolling stock design for | Long The time for this measure to be implemented is governed by the
track twists (for new renewal rate of wagons. Not likely to be possible before the long
wagons) term, and hence not considered by this project.

P-34 Secure underframe Medium Brake gear or other wagon underframe gear that can fall down and
brake gear from falling cause derailment is in many countries prevented by the use of safety
down slings. Although a wider application of this measure may have

potential benefit, we note that this a relatively low frequency
contributor to freight train derailments. We have undertaken a
qualitative assessment for this measure in Section 8.6.1.3

P-35 Regular greasing and Short This is assessed on a qualitative basis in conjunction with measure
checks of rolling stock F-2 in Section 8.6.3.2
buffers.

P-36 Wheel set integrity Short This is assessed on a qualitative basis in conjunction with measure
inspection (ultrasonic) F-2 in Section 8.6.3.2
programs.

p-37 Derating of allowable Short Currently the subject of an on-going work programme of the Joint
axle loads Sector Service group. Not assessed by this project.

P-38 EVIC (European Visual Short Currently the subject of an on-going work programme through EVIC.
Inspection Catalogue)- Not assessed by this project.
based inspection of
freight train rolling stock
axles

P-39 Double check and Short This is assessed on a qualitative basis in conjunction with measure
signing of safety- F-2 in Section 8.6.3.2
classified maintenance
operations

P-40 Qualified and registered | Medium This is assessed on a qualitative basis in conjunction with measure
person responsible for F-2 in Section 8.6.2.1
loading

P-41 Locomotive and first Short This is assessed on a qualitative basis in Section 8.6.2.2
wagons of long freight
trains in brake position
G

P-42 Limitations on use of Short This is assessed on a qualitative basis in Section 8.6.2.2
brake action in difficult
track geometry

P-43 Dynamic brake test on Medium This is assessed on a qualitative basis in Section 8.6.2.3.
the route

P-44 Saw tooth braking to Short This measure is assumed to be applied where it is required and is

limit heat exposure to
wheels

not assessed by this project.
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Measure

Description

e

Efficiency Assessment?

Number

Category

P-45 Initiation of braking or Short We consider this to be part of existing driver practice and therefore
speed reduction prior to implemented where required and is not assessed by this project.
passing signal showing
reduced speed

P-46 Not allowing traffic Short This is assessed on a qualitative basis in Section 8.6.2.4.
controllers and drivers
to override detector
alarms

P-47 Wagons equipped with Medium This is assessed on a qualitative basis in Section 8.6.2.5.

a balance to detect
overload in visual
inspection.

F-1 End of train device Medium Not considered to have substantial benefit for existing freight train
(brakes) lengths. Not assessed by this project.

F-2 Awareness program Short This is assessed on a qualitative basis in Section 8.6.3.2
and improved
maintenance for Rolling
Stock

F-3 Heat sensitive material Short Not considered further. However we note that this measure could
to reveal hot axle box have a role to play to aid in separating false alarms from genuine
conditions alarms.

F-4 Machine Vision Devices | Medium We do not believe we can make an assessment of systems of this
type when solely deployed as a freight train derailment prevention
system.

Systems of this type are built around a core module with options that
may include:

. 3D Profiling (for out-of-gauge loads)

. Fire detection functions

. Pantograph defects detection

e Wheel load measurement

. Thermographic mapping

In the context of a holistic accident prevention system, this
technology may prove cost-effective. However, the functionality in
relation to derailment prevention (wheel load, hot axle box detection
etc) is already addressed.

Systems of this type may detect potential derailment causes that are
not covered by the systems studied to date — such as open hatches
or covers that may become detached and pose a derailment risk —
however it is inconceivable that a network of machine vision devices
consisting of a core module and profile measurement module would
be deployed for this purpose.

We have not considered this further.

F-5 Telematics Medium This measure does not have a direct impact on derailment rate. Not
assessed by this project.

F-6 Anti-lock devices Medium Quantified assessment

F-7 Sliding wheel detectors. | Medium Quantified assessment

F-8 Handbrake interlock. Medium We consider this to be similar F-6 and F-7. This measure is not

assessed.
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Table 23 Assessment Method for Mitigation Measures

Measure
Number

M-la

Description Time
Category
Medium

Efficiency Assessment Method

Qu

antified assessment

M-1b

Medium

Qu

antified assessment

M-2

Equip tank wagons with impact shielding
to protect against penetration

No

. This is outside the scope of work covered by this project.

Install emergency warning lights on
locomotive to warn train on neighbouring
track going in opposite direction of
derailment

No.

This is outside the scope of work covered by this project.

M-4

Attach mechanical guides to the bogie
structure or on wagon at an appropriate
position so that is more likely that the
derailed wagon is kept on the track and
does not overturn.

No.

This is outside the scope of work covered by this project.

Install safety rails (guard rails) at bridges
and in tunnels

No.

This is outside the scope of work covered by this project.

M-6

Install battering rams in front of safety
critical pillar supports of roof structures
and overbridges in order to prevent
derailed rolling stock damaging such
safety critical structures

No.

This is outside the scope of work covered by this project.

M-7

Installation of dragging object and
derailment detectors

No.

This is outside the scope of work covered by this project.

M-8

Installation of deviation points leading to a
safe derailment place in strongly
descending tracks from marshalling yards
and train formation stations

No.

This is outside the scope of work covered by this project.

M-9

Radio or cell phone communication
installations like GSM-R in order to
transfer emergency stop orders to trains

No.

This is outside the scope of work covered by this project.

Separate passenger and freight traffic to
separate lines to a larger degree (which is
also EU-policy)

No.

This is outside the scope of work covered by this project.

Restrictions on freight traffic in general or
hazardous materials transport in special
through certain busy passenger terminals
and/or underground stations to restrict
traffic and limit the consequences of a
derailment.

No.

This is outside the scope of work covered by this project.

Develop and apply a checklist for
dangerous goods transport as the Swiss
checklist for dangerous goods transport
by freight trains

No

. This is outside the scope of work covered by this project.

F-9

Harmless infrastructure

No

. This is outside the scope of work covered by this project.
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8.2  Quantified Assessment Parameters and the Cost Model
8.2.1 General Assumptions and Clarifications
The following assumptions apply to the measures discussed below:

1. Some technical measures discussed in this section may benefit from trending. This
trending can increase the effectiveness of such measures. These types of measures work
on single inspection / pass-by, but their effectiveness is generally lower in this set-up. The
trending function requires each wagon to be fitted with some form of telematics or wagon
“tagging”. The costs of such technology are not included in the assessment of derailment
prevention measures.

2. The application scopes we discuss below are indicative based on suppliers’
recommendations and other information. In practice, each IM or RU would need to
consider an application scope that best achieves the objectives.

3. We note that some countries have invested heavily in some of the measures, whilst others
may have chosen different options. We have not considered a per-country application
scope taking this into account. Our analysis is therefore to be taken as a European
average picture.

4. We consider each measure in isolation on its individual merits in terms of preventing or
mitigating freight train derailments. Combinational measures are not considered. We have
provided some commentary on combinational issues at Section 8.7.2.

5. Non-safety benefits (such as reduced maintenance costs, increased asset lifetime) are not
considered.

6. Track length in the EU-27 is approximately 340,000 km (extracted from Eurostat, “Railway
transport — Length of Tracks” and from DNV consultation), 85% of which is open for freight
traffic (estimated from DNV consultation). Freight traffic therefore operates on
approximately 289,000 km of track.

7. We have assumed an additional 10% for side-tracks in stations and yards, hence 34,000
km (all of which we assume can be operated by freight traffic).

8. We are aware that recent developments directed towards specific derailment causes (such
as hot axle box derailments) will reduce the future benefit available, compared with the
historical average. We discuss this in the relevant sections below.

8.2.2 Infrastructure Measures
8.2.2.1 Measure P-1: Check Rails
8.2.2.1.1 Measure Objective

Check rails are installed to guide the wheels in rigid crossings and point crossings. Check rails
may also be installed in sharp curves to prevent derailments as it will hinder flange climbing on
the outer rail in sharp curves. In some countries check rails may also be used to give
additional safety against derailment when the track is passing safety critical installations such
as overhead bridge supports. It is the application in sharp curves we consider here.

8.2.2.1.2 Measure Installation Scope

For this measure to be effective check rails would be installed in curves of radius less than 250
metres on all routes where freight may be carried (where not currently fitted). Information
regarding the quantity of such locations within the European rail community is not available to
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the project team, and would require each IM to survey their network to determine suitable
locations. In the absence of this information we have made the following assumptions:

e Applicable total track length for this measure is assumed to be (289,000 + 34,000) =
323,000 km.

e Our knowledge of track layout in Norway (as a reference example) indicates that in the
region of 1% to 2% of the network open for freight traffic is made up of curves of this type.
However, Norway has a “curvy” network and the average in the EU-27 is likely to be less
than this. Further, some curves are fitted with check-rails, although not a significant
number. Taking these factors into consideration we have chosen a reference value of
0.5% for track length satisfying our criteria. Applying these factors, we use a value of
323,000 km * 0.5% = 1,615 km.

*« A more limited application scope may be possible. This may be for high usage freight
routes on curvy lines or other “at-risk” sections, where alternative approaches (such as
track lubrication or cant adjustment) are not feasible. However, detail on the extent of the
EU-27 network that satisfies this requirement is not known and therefore not assessed.

8.2.2.1.3 Measure Effectiveness

In terms of a maximum potential benefit we reported 25 avoided derailments [7] to be possible
and achievable with a comprehensive application scope (similar to that described above), if the
measure could be 100% effective.

In [2] we assigned this measure an effectiveness of 90% which we would consider to be an
appropriate reference value.

8.2.2.2 Measure P-2: Track Lubrication
8.2.2.2.1 Measure Objective

Lubrication of the flange and track contact point is an important measure in reducing the friction
between rail and wheel flange and hence reduce the risk of derailment in difficult track
geometries, i.e. in narrow curves or track sections with high cant and/or high twist. The
reduced lateral track force in narrow curves should cause less wear, less noise and less risk of
derailment.

8.2.2.2.2 Measure Installation Scope

In many countries traction unit based flange lubrication is an applied measure addressing this
problem for regularly used routes. The major benefit from track lubrication units is in countries
where flange lubrication measures are not frequently used, and for parts of the network that
are not regularly operated (e.g. side-tracks which are common derailment locations).

Knowledge of each IMs network and the proliferation of side-tracks and their usage pattern is
not available to the project team. In the absence of this information we have made the
following assumptions:

e Side-tracks are installed approximately every 15 km of track length.

« 50% of side-tracks are infrequently used (and may have dry rails) or are otherwise at a
lower level of repair than main-line routes.

* One or two lubrication units are required per side-track, depending on conditions. We have
used an average of 1.5 per side-track.

e The required number of units is estimated at (289,000 / 15) * 1.5 * 50% = 14,450.
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8.2.2.2.3 Measure Effectiveness

The effectiveness for this measure is somewhat difficult to estimate. In this respect we are not
aware of any study that has been performed that quantifies lubrication effectiveness as a
derailment mitigation option (we have contacted many suppliers on this subject, and they are
also not aware of such studies). However, it is frequently referenced as a “good measure” and
often recommended in accident reports as a measure that should be applied.

We have made a working assumption that it may be up to 50% effective in cases where dry rail
has been a contributory derailment cause. This is applied to the maximum number of
potentially avoided derailments for this measure, which we reported to be 25 [7].

8.2.2.3 Measure P-10 and P-12: Hot Axle Box / Hot Wheel and Brake Detectors (HABD/HWD)
8.2.2.3.1 Measure Objective

Hot axle boxes leading to axle journal seizures and ruptures are amongst the most frequent
cause of freight train derailments, and also have a tendency to occur at high speeds, [7]. In
response to this many IMs have taken steps to install hot axle box detectors, with recent
activity to increase the coverage and replace older designs with newer technical solutions.
Further, some countries that currently have no such devices are embarking on an
implementation strategy [14]. In this context we estimated in our market assessment [2]
approximately 1,500 units currently in use; a number which we believe to be increasing.

8.2.2.3.2 Measure Installation Scope

In terms of current installations, of the 1500 units we estimated to be in use, some will be
“double units” covering adjacent lines. For the basis of our assessment we have assumed
50% to be double units, therefore:

« Coverage = 289,000 km/ (1,500 * 1.5 * 85%"%) = 151 km between installations.

e Coverage of one per 50 km (a typical installation density, although we do note that hot axle
box derailments can occur less than 50 km from the last operational hot axle box detector)
would require approximately 5,780 units installed in total, therefore a further 3,530 units.

8.2.2.3.3 Measure Effectiveness

The recent developments in terms of increased installation density and improved technology
discussed in Section 8.2.2.3.1 is likely to make significant in-roads towards reducing
derailments caused by hot axle boxes and related causes. (One IM has stated that they have
reduced to almost zero the incidence of derailments caused by hot axle boxes / broken axles
and broken wheels, partly as a result of implementing this technology — of course with suitable
supporting arrangements such as the availability of side-tracks and a robust alarm
management process.)

We therefore need to address the fact that solutions currently being implemented are likely to
return benefits in future years, regardless of any additional action that may be taken. In this
regard we have made the following working assumptions:

« The data used for our accident analysis is an average assessment based on previous
years’ accident figures. In this regard our accident data is “lagging” current figures and
does not take into the developments discussed above. In particular the increasing use of
HABD/HWD in recent years will have the effect of reducing the available benefit for

" We exclude side-tracks from the installation scope for these measures
'® We have assumed that of the total HABD installations, they are equally distributed on mixed, freight
only and passenger lines. Hence the 85% of them will be installed on freight carrying routes.
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measures directed towards derailments from that cause. In this respect we have assumed
our data is lagging by at least 1.5 years, and that by 2013 will be a further 1.5 years behind.
To compensate for this we have applied the assumption (used in [7]) that a 6% year-on-
year reduction of derailment rate and therefore the available benefit, should be applied™.
Starting from our maximum risk reduction potential of 80 avoided derailments per year [7];
we arrive at a revised maximum potential benefit of 67 avoided derailments per year.

« We note from our accident analysis [7, Annex 1] that at least 10% of hot axle box
derailments occur despite the incident train having previously passed a HABD/HWD. This
is an underestimate of the true position since we only count cases where this has been
explicitly stated. (In Germany, where the most HABD/HWD are installed, we observe the
highest proportion of derailments due to hot axle boxes.) We assume 10% of such failures
will continue to evade detection, even with a comprehensive application scope.

« Applying this we deduce that a revised maximum risk reduction potential is 60 avoided
derailments.

8.2.2.4 Measure P-11: Acoustic Bearing Monitoring (Bearing Acoustic Monitoring; BAM)
8.2.2.4.1 Measure Objective

Acoustic bearing detectors are, like HABD, used to detect developing mechanical structural
defects associated with wheel bearings. They are however based on the analysis of sound as
wheel sets pass by. The major advantage over HABD is that acoustic bearing detectors are
able to detect developing defects much earlier as such defects will result in increased noise. It
is stated by one supplier that defects can be detected 10,000's of km before a failure occurs.
Trending over time allows early identification of defects before they lead to failures.

8.2.2.4.2 Measure Installation Scope
We use the following assumptions:

e Suppliers’ recommended 30 units per 50,000 km of track are installed. Hence a density of
(289,000 / 50,000 * 30) = 173 units would be required. However, we note that this is mainly
in relation to long haul routes in the USA and Australia. For short / medium haul routes (of
say 100 km to 300 km) it is possible that a BAM would not be encountered very frequently /
at all if installed at this density. (Although the significant advance warning stated for this
measure does not require a freight train to pass a detector site very frequently.) We have
calculated that one detector installation per 500 km or track would be necessary in Norway
to cover approximately 95% of freight train operations, and consider this would be a
suitable indicative installation density for European application, hence about 578 units.
There are few installations existing in the EU (other than test locations), hence these would
be new.

8.2.2.4.3 Measure Effectiveness
In terms of benefit and effectiveness:

« Maximum available benefit 63 avoided derailments per year [7] reduced by 6% per year as
reported for HABD. This suggests a maximum achievable benefit of 53 avoided
derailments per year.

e It is stated by one supplier that BAM are 90% effective in detecting the early on-set of
bearing problems on a single pass-by, and that this increases to 95% when trended. It is

¥ We have applied the 6% factor to the derailment causes that we believe to be reducing; this does not
apply to all derailment causes so it is not applied to all measures.
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also stated that the technology can detect defects in brass or polyamide roller cages
equally as reliably®.

8.2.2.5 Measure P-13: Wheel Load and Wheel Load Impact Detectors (WLID) / Weighing In
Motion (WIM)

8.2.2.5.1 Measure Objective

Devices of this type typically monitor rail vehicle wheels for rolling wheel surface defects such
as flats and spalls, together with wheel out of roundness and vehicle weight imbalances. They
may help to detect wheel defects and also identify conditions that may, if left un-rectified, lead
to wheel-set failures.

8.2.2.5.2 Measure Installation Scope
Considering the information we have assembled:

¢ An installation density of approximately one unit per 1000 km is suggested, thereby
indicating a fully covered installed base in the EU of (289,000 km / 1000 km) = 289 units.
(Installation locations are likely to be where a freight train can be inspected and removed
from service, or denied access to the network.) However, as we have reported for BAM,
this is unlikely to provide full coverage for all freight traffic and we note that the Netherlands
has an average installation density of about one unit per 170 track km (in the Netherlands
this technology is used for track access charging in addition to derailment mitigation). We
have assumed a targeted and planned installation density of one unit per 500 track km
would provide a reasonably comprehensive coverage for most freight traffic, hence about
578 units.

« We estimated a total of 150 current installations [2], with 85% on freight traffic routes,
hence 128 units. A further 450 units would therefore be required for a comprehensive
coverage.

8.2.2.5.3 Measure Effectiveness
In terms of potential benefits and effectiveness, the following may be summarised:

« We indicated a maximum potential benefit of 120 avoided derailments. This is modified by
the observed 6% year-on-year reported for HABD, hence 100 avoided derailments.

¢ We note that the Netherlands [14] is quoted as indicating a 90% reduction in hot axle box
failures, as well as significant reductions in derailments by other causes (for example
broken primary suspension reduced by almost 100%), following the application of this
technology. Although the Netherlands uses relatively few HABD, it is considered likely that
the combinational effect of these two technologies (as well as other factors) has resulted in
this dramatic reduction in reducing hot axle box and other derailments. For the purpose of
our modelling activity, we have assumed 75% effectiveness for this measure in isolation.

? These are supplier claims which we are unable to validate due to lack of EU experience.
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8.2.2.6 P-15: Bogie Performance Monitoring / Bogie Lateral Instability Detection (bogie hunting)
8.2.2.6.1 Measure Objective

This wayside defect detection system is capable of detecting and identifying wagon bogies that
exhibit poor steering performance, an example of which is shown below. Bogie hunting is likely
to occur when the rail profile is worn outside of allowable conditions; a wheel profile detector is
likely to offer similar functionality.

Figure 10 Lateral Instability

This system monitors safety performance in several dimensions such as: potential of flange
climb derailment, gauge spreading, and rail over. Like BAM, devices of this type often rely on
trending to enable defects to be identified and early maintenance action scheduled to correct
the defect.

8.2.2.6.2 Measure Installation Scope
In terms of application:

« We have assumed that a similar coverage as BAM, hence a density of 578 units. There
are few installations existing in the EU (other than test locations) therefore these would
mostly be new installations.

8.2.2.6.3 Measure Effectiveness
In terms of benefit and effectiveness:

* We estimated a maximum available benefit of 47 avoided derailments per year [7]. This is
not modified by our 6% reduction factor as derailments from this cause are not considered
to be addressed by the recent programmes to reduce the frequency of hot axle box
derailments.

e Little data exists in the countries that are within the scope of this study relating to the
effectiveness of these measures, because they are not installed to any great extent. By
virtue of the fact that they are installed in the USA, Australia and other geographies, we
assume they are effective. We have used a 90% effectiveness rating for this measure.

8.2.2.7 P-16: Wheel Profile Monitoring System / Wheel Profile Monitoring Unit
8.2.2.7.1 Measure Objective

Damage to the wheel profile may be a contributing cause to derailments. Whereas wheel load
impact detectors can detect some wheel profile problems, wheel profile measurement systems
provide a more complete picture. They are also based on other technology: analysis of
wayside digital camera images highlighting the profile using lasers or strobe light. A number of
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wheel profile parameters are captured, e.g. flange height, flange width, flange slope, tread
hollow and rim thickness. Some measurement systems can operate with trains passing at high
speeds (e.g. up to 140 km/h).

8.2.2.7.2 Measure Installation Scope

This type of unit would be installed where the widest coverage could be secured; this may
include at major depots and selected freight routes across the network. It would not be
required that freight trains / wagons were required to pass a detector site frequently, as defects
evolve over time and are unlikely to be immediately catastrophic.

Considering the information we have assembled and our comparison of this technology with
bogie hunting detectors:

« An installation density of one unit per 500 km, hence about 578 units.

» For the purpose of our assessment we estimate 30 current installations [2], with 85% on
freight traffic routes, hence 26 units. A further 548 units would be required using this as a
basis. (Installation locations are likely to be where a freight train can be inspected and
removed from service, or denied access to the network.)

8.2.2.7.3 Measure Effectiveness
In terms of potential benefits and effectiveness, the following may be summarised:

¢ We indicated a maximum potential benefit of 23 avoided derailments. This is modified by
the observed 6% year-on-year derailment reduction factor, hence 19 avoided derailments.

« We assume the effectiveness of this measure to be similar to other technical measures.
An effectiveness of 90% is used.

8.2.2.8 F-7: Sliding Wheel Detectors
8.2.2.8.1 Measure Objective

The sliding wheel detector is a mechanical device that compares wheel rotation rates between
wheel sets to detect locked wheels. It may detect issues such as handbrakes that are not
released, jammed wagon brakes or seized axle box bearings.

8.2.2.8.2 Measure Installation Scope

The system is normally installed in depots and sidings on departure roads and possibly other
strategic locations. Suppliers’ recommendation for application in Great Britain (GB) would be
for 100 units (and GB accounts for about 9% of European track length) hence about 1,100
units would be required to cover the European rail network. We are not aware of many that are
currently installed; hence we consider these “new”. We do consider this optimistic, and that it
would probably not cover all freight origin points and strategic places en-route where locked
wheels may be likely. We have increased our scope estimates by 20% to cover additional
strategic points. Hence we use 1,320 units.

8.2.2.8.3 Measure Effectiveness

Our assessment of the measures potential effectiveness is as follows:

¢ We indicated a maximum potential benefit of around 27 avoided derailments. On further of
this this measure we conclude that it cannot be as effective as, say measure P-6: Anti-Lock
devices as it cannot detect locked wheels between detection sites. Hence to provide a
realistic assessment of the potential effectiveness of this measure we have undertaken a
detailed review of our accident database [7, Annex 1] to specifically identify freight train
derailments that can be directly attributed to this cause (UK-1 and NL-8 are examples).
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Through this research we consider that approximately 1% to 2% of freight train derailments
have this as a cause and we have used 8 avoided derailments as our reference case.

e This measure is not applied in the EU and therefore we have no specific effectiveness
data. However this is used in other countries, such as Australia. We assume that as it an
existing and mature measure it is at least 90% effective.?!

8.2.3 Rolling Stock Measures

8.2.3.1 Measure P-28: Replace Metal Roller Cages in Axle Bearings by Polyamide Roller
Cages

8.2.3.1.1 Measure Objective

Polyamide roller cages are stated to offer safety improvements compared with brass roller
cages, decreasing the incidence of overheating and axle box failures. Manufacturers’ claims®
include:

* Reduced friction and wear and reduced operating temperatures.
« Safe failure mode without seizing.

e Can operate for longer periods without lubrication (testing is stated to have shown that
polymer cages can operate for more than 500 km when all lubrications is removed. This is
well beyond that which steel based cages can safely operate), [15].

« Compared with machined brass cages they are substantially lighter, which minimizes
dynamic adverse conditions in bearings. Two sliding elements steel - polyamide have
better sliding properties as compared with steel - brass. In addition to that polyamide better
damps vibrations and noise. Thanks to technologic abilities the cage design has been
solved to permit optimum passage of lubricant to rolling elements. Another advantage of
bearings is self-lubricating capacity of polyamide. In case of lubrication deficiency the
wheel set seizure does not occur so instantly as in case of brass cage bearings, [16]

It is important to note that these are suppliers’ claims. However in many derailment accident
reports where a hot axle box has been the cause it is specified that the bearing had a brass
roller cage; in none of the accidents has it been specified that there was a polyamide roller
cage. We are aware that programmes to replace brass roller cages with polyamide roller
cages have been introduced by several RUs, among those:

e CargoNet in Norway in 2000
* VR in Finland pre 2003.

The replacement appears to have been effective resulting in a reduced number of hot axle box
derailments although sufficient data for quantification does not exist.

Similar programmes are applied by other RUs. Since the normal maintenance interval for
freight wagon roller bearings are 12 years (for brass or polyamide to the best of our
knowledge) the last brass roller cage in the CargoNet owned rolling stock fleet should be
removed by 2012.

*! To be effective the wheel must be locked and skid. It may not be effective in cases where the
handbrake is only partly applied as the wheel may continue to rotate.

2 \We note many manufacturers’ claim benefits from the use of these roller cages, and that it is also a
common recommendation arising from accident reports to replace brass for polyamide roller cages.
However, we have not seen any independent validation of such claims.
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8.2.3.1.2 Measure Installation Scope

Currently a number of RUs are requiring the replacement of brass with polyamide roller cages
on an opportunistic basis, to combat the significant problem of hot axle box derailments. We
believe there to be little cost difference between brass and polyamide variants and hence this
is a minimal cost option. We are however unable to assess this in any reasonable manner as
there is no appreciable cost.

A second option would be to change all remaining brass roller cages with polyamide. We are
unaware of the total number of bearings of each type in use, but we assume the following:

* 50% of the existing freight fleet are fitted with brass roller cages. There are about 720,000
freight wagons [7] with a mix of single axle and bogie wagons (equal mix assumed). This
equates to upwards of 2,000,000 roller bearings requiring replacement.

8.2.3.1.3 Measure Effectiveness

* We estimated a maximum available benefit of 53 avoided derailments per year [7] as for
HABD. This is modified by the observed 6% year-on-year derailment reduction factor,
hence 44 avoided derailments.

« If we are able to take the suppliers’ claims at face value, then the ability to operate for
lengthy distances without lubrication and excessive heat build-up (up to 500 km) and also
be more tolerant of vibrations is likely to be significant. On this basis we have assumed
this measure to be 75% effective®.

(Additional benefits could be for example requiring a lesser density of installation of HABD.)
8.2.3.2 F-6: Anti-lock Devices
8.2.3.2.1 Measure Objective

Devices of this type act to reduce locking of the wheels and associated wheel damage during
braking on railway freight cars. In turn this may reduce maintenance costs of re-profiling wheel
sets, increase safety with reduced risk of wheel cracking or major tread damage that could
increase derailment risk, reduce impact forces to track and reduce noise.

8.2.3.2.2 Measure Installation Scope

The large retro-fit time (up to 12 days per wagon), coupled with the limited derailment safety
benefit estimated for these types of product [3], would lead us to consider this measure will be
applicable to new wagons only. Therefore to consider this measure we have modelled it as if it
were fitted to the entire fleet but considering only the acquisition and on-going maintenance
cost (not the fitting cost).

8.2.3.2.3 Measure Effectiveness

This measure addresses wheel failures and other derailment causes where these are caused
by braking failures (including handbrakes not released, brakes remain stuck on after
application etc.). We predicted up to 27 derailments from this cause [7]. This measure is not
modified by our 6% reduction factor as derailments from this cause are not addressed by the
recent programmes to reduce the frequency of hot axle box derailments.

The device has no measured effectiveness or reliability claims, since it is new to the market.
We have assumed that it will be 75% effective in preventing derailments from the causes that it
seeks to mitigate.

28 We would consider it prudent for independent substantiation of suppliers’ claims to be performed in
advance of any recommendation.
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8.2.3.3 M-1: Derailment Detection
8.2.3.3.1 Measure Objective

There are two devices of this type: those that act directly on the brake pipe invoking a
immediate and automatic full application of the brake (M-1a); those that provide a clear
indication to the train driver of a suspected derailment (M-1b) but without automatic brake
application. The objective is to prevent a derailed axle causing further damage, and/or the
initial derailment escalating in severity.

8.2.3.3.2 Measure Installation Scope

Two devices are fitted per wagon within the following scope:

« All freight wagons (approximately 720,000).

« All freight wagons carrying dangerous goods (DG) (approximately 100,000).

« A sub-set of DG wagons, as proposed by RID 2013 provision (approximately 17,000).

We consider these options in our analysis. We also consider that there are about 2,000
wagons fitted with devices of this type. These are largely fitted to DG tank wagons, and we
assume that 75% are fitted to tank wagons carrying the most hazardous materials as covered
by the proposed RID 2013 provision (hence 1,500).

8.2.3.3.3 Measure Effectiveness

We have studied the accident database we have assembled and are able to report the
following®*:

e There are five accidents that appear to have been initially non-severe, but the application of
emergency brakes is stated to have been a contributory factor in the derailment escalating.
We cannot know the outcome had emergency brakes not been applied. (Comparable with
M-1a.)

e There are 62 accounts of cases where the application of emergency brakes (either through
the brake pipe being severed or driver emergency braking) has occurred, and the train has
been brought to a safe stop. We cannot know the outcome had emergency brakes not
been applied; it is possible that the train would not have been brought to a safe stop.

e There are four cases where the driver has known or suspected a derailment but has not
taken appropriate action leading to further wagons derailing. It is not known whether this
further derailment led to an escalation of severity. (Comparable with M-1a.)

Given these data, it is not possible for us to conclude or differentiate between these two
measures in terms of which may be the best option from a safety point of view. In the absence
of information to separate the measures from an effectiveness perspective, the only parameter
that we re-model (with reference to our event tree, [7]) is the detection probability. We assume
that for wagons fitted with a device of this type (M-1a, M-1b) that 95% of derailments will be
detected as soon as they occur.

24 Not all accident report provide information to establish whether emergency braking was initiated,
hence we are not able to include those in this analysis
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8.2.4 Organisational Measures

8.2.4.1 Measure P-19: Clearance of Obstructions from Flange Groove (particularly at level
crossings)

8.2.4.1.1 Measure Objective

Obstructions in the flange groove may lead to freight derailments, albeit few in number.
Inspection and clearance of obstructions is a measure that may address this issue.

8.2.4.1.2 Measure Installation Scope

The European Level Crossing Forum report 125,000 level crossings in Europe. If we assume
that 85% of these are on lines that freight traffic may use, then there are about 106,000 level
crossings that fit within the scope of this study.

Some level crossings are more exposed to this hazard than others; for example urban
locations where level crossings are surrounded by tarmac are perhaps less likely to get stones
obstructing them, compared with rural locations. For the purposes of our assessment we have
considered that most level crossings are in urban areas or are otherwise not significantly
exposed to this hazard to the same extent. We have used an assumption that 25% of level
crossings are exposed hence 26,500 level crossings would require additional inspection effort.

For this measure to be effective, inspections over and above the existing inspection interval
would be necessary. In this regard we have assumed the following:

e« That an inspection would be required after inclement weather. This would include wet
weather / daytime thaw followed by freezing conditions. Strong winds that could move
debris are another potential cause.

« Optimistically we have assumed that these weather conditions may occur 10 days per year,
therefore additional inspections of 10 * 26,500 level crossings = 265,000 additional
inspections.

« Each inspection takes 30 minutes.
e This is an on-going cost requirement.

8.2.4.1.3 Measure Effectiveness

We have assumed this measure will be 90% effective in removing all derailments attributable
to this cause.

This measure is not modified by our 6% reduction factor as derailments from this cause are not
addressed by the recent programmes to reduce the frequency of hot axle box derailments.

8.2.4.2 Infrastructure Track Geometry Measures
8.2.4.2.1 Measure Objective

Track geometry defects are one of the most common causes of freight train derailments. We
have also noted that there is an increasing use of single axle wagons with a very long wheel
base which makes the derailment risk in twisted track even larger and with an increased
containerization as well as loading by bulk material by front wheel loader the control of skew
loading is more of a challenge.

We consider this problem in relation to secondary lines predominately for freight operations, as
well as side-track at stations:

We consider here the following:
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« P-18: Sufficient availability of maintenance resources to maintain lines and tracks at
stations and side tracks to minimum safety requirements.

e P-21: Track geometry measurement of all tracks.

Other issues such as

e P-22: EU-wide intervention/action limits for track twist.

« P-23: EU-wide intervention/action limits for track gauge variations.

* P-24: EU-wide intervention/action limits for cant variations.

* P-25: EU-wide intervention/action limits for height variations and cyclic tops.

are addressed elsewhere in our report.
8.2.4.2.2 Cost and Application Data

There is some difficulty making a quantified assessment of measures of this type, due to data
shortages and also the insistence of many IMs that they both have sufficient resources and
apply appropriate standards to all their assets. This is not always borne out by accident
reports. Further there are national differences in accident rates and also criteria which pose a
problem for a “European average study” such as this.

We have established from [17] an average railway maintenance cost of about €25,000 per
track kilometre. Further, approximately 40% of this figure is for permanent way maintenance
and about 50% for track work. Hence this equates to about €5,000 (€25,000 *40% * 50%) per
track kilometre. We assume this is for track geometry testing and rectification work. This
figure applies to main-track.

We assume secondary lines and side-track accounts for 34,000 km. We have further assumed
that a partial inspection of these is already undertaken, perhaps at an expenditure of 50% of
that applied to main-track. This has two consequences:

* An annual increased maintenance cost of €2,500 per secondary line / side-track kilometre
would be required to maintain to a similar level to main-track.

< In addition to the cost above, it is likely that there would be an initial one-off spend required
to upgrade secondary line / side-track to bring it up to specification. We have made an
assumption here that in year one this would amount to double the annual maintenance
cost, hence €5,000 per side-track kilometre.

8.2.4.2.3 Effectiveness Data

In our accident data we have identified that approximately 50% of derailments occur in stations
| side-tracks, despite these locations accounting for 10+% or total track length. Using these
approximate figures, we can postulate that:

« From the number of derailments predicted as a result of track geometry failures (129 [7]), it
is theoretically possible that a 45% reduction could be achieved, to 58.

* This measure is not modified by our 6% reduction factor as derailments from this cause are
not addressed by the recent programmes to reduce the frequency of hot axle box
derailments.
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8.3  The Cost Model and Parameters
8.3.1 Cost Model Summary
The cost model brings together all the facets that apply to the measures we have identified.

These are on the one hand costs associated with each measure and on the other hand the
benefits that the measure may secure.

Costs of a measure include:

 The quantity (number of units, deployment rate, resource requirement etc.) for the
measure.

e The costs per unit for the measure.
« Annual maintenance and upkeep other costs for measure.
Benefits include:

e« The number of avoided derailments (or reduced number of severe derailments for “M”
measures), each of which has benefits that include:

0 Reduction in the number of fatalities and injuries associated with freight train
derailments.

0 Reduction in the quantity of damaged tracks, damaged wagons, operational
disruption and environmental contamination.

It is the purpose of the cost model to weigh these factors such that the most efficient measures
can be selected. To achieve this both the costs and benefits need to be monetised. The
details of how this is achieved are provided in our report [7] although we recap these below.

The benefits of implementing a measure in terms of avoided derailments are monetised using
the information shown below.

Table 24 Railway System and Operational Costs ~ *°

Track Damage Wagon Damage Disruption Costs
Scenario Average Km |Cost (E/km) | # wagons |Cost/wagon (E/wagon) |Hours disruption |Cost/hour (E/hour)
Immediate severe, DG involvement 0.5 427746 7 23526 50 16040
Not immediate severe, DG involvement 5 160405 7 23526 50 16040
Immediate severe, no DG involvement 0.5 427746 7 12832 50 16040
Not immediate severe, no DG involvement 5 160405 7 12832 50 16040
Not severe derailment, safe stop 0.5 32081 2 5347 12 8020

In addition, the cost model assigns monetised benefits associated with the value of preventing
a fatality or injury of €1,500,000 and €200,000 respectively.

Therefore, preventing an immediately severe DG derailment that leads to loss of three lives
has a cost (at today’s values) of:

«  (3*€1,500,000) + 0.5 * (€427,746) + 7 * (€23,256) + 50 * (€16,040) = €5,678,665.

An event of this type is predicted to occur at a rate that is calculated by our frequency
assessment model. For example, if this is predicted to be once every ten years, then the
annual cost is:

* 0.1*€5,678,665 = €567,866.

> A severe derailment is defined as an event with a mechanical impact that may cause a leak of
material from a DG tank / wagon, or for a contents spill of a normal freight wagon.
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The costs of the measures themselves are unique to each measure, and we summarise the
key cost components in Table 25 .

8.3.2 Economic Indicators

Of course a measure will have an investment cost that is made today (or at the time that the
measure is implemented) and returns benefits over a period of time. In these cases it is
practice to consider this in the economic assessment. This is normally achieved by the use of
the following economic indicators:

1. Net Present Value - the difference between the present value of cash inflows and the
present value of cash outflows.

2. Benefit/ Cost Ratio - the ratio of benefits to costs (a ratio greater than 1 indicates that the
benefit outweighs the cost).

3. Internal Rate of Return - can be defined as the break-even interest rate which equates the
Net Present of a projects cash flow in and out.

Our assumptions / clarifications regarding the use of these indicators are:
« We apply a discount rate of 4%.

« We assume that the measure is fully implemented at Year 1 and will return benefits in the
same year.

« We have applied today's costs and benefits regardless of when the measure is
implemented. We believe this to be a reasonable assumption as costs and benefits are
likely to be stable within the periods defined as short and medium term.

¢ We have assumed that any investment is made by the EU Railway actors, for the benefit of
EU Railway actors. This means that the economic analysis will focus entirely on costs and
benefits within the EU without consideration that some benefits may in fact be transferred
to stakeholders outside EU, or that there may be an inequitable share of costs and benefits
between actors.
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Table 25 Cost and Benefits for Reference Case

Measure Purchase / Installation Annual Maintenance Max Potential Measure Effectiveness / Other Net benefit 2
Costs Cost Benefit 2 Considerations
P-1: Check Rail €500 / metre®®. Additional maintenance cost of 25 avoided Assumed 90% effective where fitted [2] 23 avoided derailments (6 HSD, 17
€5 / metre [2]. derailments LSD)

Total installation cost for
1,615 km = €807.5 million Annual additional
maintenance cost €8 million

P-2: Track €3250 / installation®. €3000 / installation (lubricant 25 avoided Assumed 50% effective 13 avoided derailments (10 LSD, 3

icati top-u derailments HSD
Lubrication Total installation cost for p-up) )

14,450 units = €47 million Annual additional
maintenance cost €43

million
P-10 & P-12: €250k / installation Approx. 30 hours per year 60 avoided 60 * 90% * 99% (99% being the availability =~ 53 avoided derailments (12 LSD, 41
lier inf il fi fi i f thi 2 HSD
HABD/HWD Total installation cast for (supplier info) derailments igures for devices of this type, [2]) )
3,530 €882.5 million Annual additional
maintenance cost €5.3
million
P-11: BAM €550k / installation 12 hours per year (supplier 53 avoided 53 * 90% * 98% % (98% being the 47 avoided derailments (11 LSD, 36
. . info) derailments availability figures for devices of this type, HSD)
Total installation cost for 2))
578 units = €318 million Annual additional
maintenance cost €347,000
P-13: Wheel €400k / installation 12 hours per year (supplier 100 avoided 100 * 75% * 98% (98% being the 74 avoided derailments (33 LSD, 41
infi il ilability fi fi i f thi HSD
Load / Impact Total installation cast for info) derailments availability figures for devices of this type, )

2
Detectors 450 units = €180 million Annual additional (2]

maintenance cost €270,000

%6 Refers to avoided derailments and related reduction of impacts
%" Refers to avoided derailments and related reduction of impacts
%8 This is increased from the value used in our report [2]. Installation of check rails is likely to require change of sleepers or additional fixings for their

attachment.

® Thisis a typical cost for a mechanical lubrication system installed and initially topped up with lubricant (supplier information)
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Measure

Purchase / Installation
Costs

Annual Maintenance
Cost

Max Potential
Benefit 2

Measure Effectiveness / Other
Considerations

Net benefit 2’

P-15: Bogie
Hunting
Detectors

P-16: Wheel
Profile
Monitoring

P-18 & P-21
Track Geometry

P-19: Clearance
of Flange
Groove

P-28:
Polyamide
Roller Cages

F-6: Anti-lock
Devices

€385k / installation

Total installation cost for
578 units = €222.5 million

€300k / installation

Total installation cost for
548 units = €164 million

€170 million to upgrade
34,000 km side-track and
secondary lines

€6.7 million to perform
132,500 hours per year
inspections (circa €50 /
hour)

Assumed 1 hour per
bearing at cost of €75
(including purchase)

Total installation cost to
replace 2 million brass
roller cages = €150
million

€5,000 per wagon set

Total installation cost for
720,000 units (all freight
wagons) = €3600 million

15 hours per year (supplier
info)

Annual additional
maintenance cost €433,500

140 hours per year (supplier
info). However, the regular
pass-by check will be on
opportunistic basis (100
hours). 40 hours of specific
maintenance assumed.

Annual additional
maintenance cost €1 million

Annual additional
maintenance cost €85
million

€6.7 million to perform
132,500 hours per year
inspections (circa €50 /
hour)

None

30 mins / wagon per year

Annual additional
maintenance cost €18
million

Max: 47 avoided
derailments

Max: 23 avoided
derailments

5 avoided
derailments

44 avoided
derailments

27 avoided
derailments

47 * 90% * 99% (99% being the availability
figures for devices of this type, [2])

23 * 90% * 95% (95% being the availability
figures for devices of this type, [2])

5*90%

44 * 75%

27 * 75%

42 avoided derailments (30 LSD, 12
HSD)

20 avoided derailments (14 LSD, 6
HSD)

58 avoided derailments (35 LSD, 23
HSD)

4.5 avoided derailments (0.5 LSD, 4
HSD)

33 avoided derailments (7 LSD, 26
HSD)

20 avoided derailments (8 LSD, 12
HSD)
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Measure Purchase / Installation Annual Maintenance Max Potential Measure Effectiveness / Other Net benefit 2

Costs Cost Benefit 2 Considerations
F-7: Sliding €40,000 per installation Negligible, but has a life 8 avoided 8 * 90% *99% (99% being the availability 7 avoided derailments (3 LSD, 4
Wheel limited item that is replaced at ~ derailments figures for devices of this type) HSD)

Total installation cost for 3 years (€250 assumed)

Detectors 1,320 units = €53 million
Three yearly additional
maintenance cost €330,000
M1- Derailment €2000 per wagon Negligible, but has 6 year N/A 95% effective in detecting a derailment All freight: 76 derailments
Detection All Freight: Total hmoeﬂ?t::ravr?lgz (;ﬁq:slrsirrr:]irat)(l prevented from becoming severe
installation cost for All DG: 10 derailments prevented
718,000 wagons = €1436 All freight (6 year) : €36 from becoming severe
million million .
RID scope: 2 derailments prevented
All DG: Total installation All DG (6 year) : €5 million from becoming severe
cost for 98,000 wagons =
£196 million RID Scope (6 year) :
€775,000

RID scope: Total
installation cost for
15,500 wagons = €31
million
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8.4  Assessment Results — Reference Case
8.4.1 Quantitative Results Presentation
For the parameters established in this report, we show the results for our reference case.

Table 26 Quantitative Analysis (Sorted by Measure N umber)

Net Present Values Benefit / Cost Ratio Internal Rate of Return

Measure 10 years [20 years #0years 10 Years 20 Years 40 Years 1D vyears |20 years HO years

P1-Check Rail -701 -635 -559 0.2 0.3 0.4 -31% -14% -6%
P2-Track Lubrication -276 -459 -667 0.3 0.3 0.3 N/A N/A N/A
P10&12-HABD/HWD -507 -257 27 0.5 0.7 1.0 -16% -4% 0%
P11-BAM 47 294 572 1.1 1.9 2.8 3% 10% 11%
P13-WLID/WIM 379 756 1,183 3.1 5.1 7.4 51% 52% 52%
P15 Bogie Hunting Detector 80 283 514 1.4 2.2 3.2 8% 14% 15%
P16-Wheel Profile -27 65 170 0.8 1.4 1.9 -4% 5% 7%
P18-Track Geometry -373 -568 -788 0.5 0.6 0.6 N/A N/A N/A
P19-Clearance Flange Groove -20 -34 -49 0.6 0.6 0.6 N/A N/A N/A
P28-Roller Cages 109 284 482 1.7 2.9 4.2 16% 21% 21%
F6-Anti Lock Device -3,581 -3,581 -3,580 0.0 0.1 0.1 N/A N/A N/A
F7-Sliding Wheel Detector -0 35 75 1.0 1.6 2.4 0% 7% 9%
M1a-Derail Det All Freight -385 303 1,094 0.7 1.2 1.7 7% 3% 5%
M1a-Derail Det All DG -44 56 170 0.8 13 1.8 -6% 3% 6%
M1la-Derail Det RID -2 17 39 0.9 1.5 2.2 -2% 6% 8%

Table 27 Quantitative Analysis (Sorted by Benefit/  Cost ratio) *

Net Present Values Benefit / Cost Ratio Internal Rate of Return
Rank |Measure 10 years |20 years #i0years 10 Years 40 Years 40 Years 1D vyears [20 years #0 years
1|P13-WLID/WIM 379 756 1,183 3.1 5.1 7.4 51% 52% 52%
2|P28-Roller Cages 109 284 482 1.7 2.9 4.2 16% 21% 21%
3|P15 Bogie Hunting Detector 80 283 514 1.4 2.2 3.2 8% 14% 15%
4|P11-BAM 47 294 572 1.1 1.9 2.8 3% 10% 11%
5|F7-Sliding Wheel Detector -0 35 75 1.0 1.6 2.4 0% 7% 9%
6|M1a-Derail Det RID =7 17 39 0.9 15 2.2 -2% 6% 8%