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Practical information for users

This guide is one of the guides composing the Framework for the risk management of inland
transport of dangerous goods (inland TDG). It may be used in combination with the guide for
decision-making, or independently.

It is of voluntary application for any category of user and the users take full responsibility for
its use.

The method proposed in this guideis an aid to risk analysts. It was developed by experts having
good knowledge of current risk estimation practices and a strong practical experience of risk
estimation for the inland transport of dangerous goods by rail, road and inland waterways.

During the three year development process the experts have considered many risk
situations for which risk estimations were performed that they have worked with during
their professional career. On this basis they have agreed on the harmonised risk estimation
method proposed in this guide.

Users are strongly encouraged to implement this method to improve the quality, transparency,
and recognition of their risk estimations by stakeholders. The method is applicable to the
three inland modes of transport, establishing a level playing field approach to the risks posed
by the three modes while also fully taking into account their differences in terms of accident
scenarios and risk profile.

The guide may be implemented by a wide range of users (not only risk estimation specialists)
for a wide range of risk situations, for example:

» Companies may use this guide for estimating their level of business risk or study the
relevance of new risk control measures as part of their safety management activities, or
apply it at the request of an authority or within a responsible care’ action,

» Professional bodies may disseminate this guide as an harmonised method which may be
better recognised in the various contexts where their members are required to demonstrate
the efficiency of their risk control measures,

» Local, National, Regional or International authorities and agencies may use this guide for
analysing existing risk levels or justifying the relevance of new risk control measures as
part of their own legal obligations,

» International and European Union regulators may use this guide as an aid to evaluate
relevant amendments to harmonised Transport of Dangerous Goods legislation with the
aim of improved control of risks.

Responsible Care is a voluntary commitment by the global chemical industry to drive continuous improvement
and achieve excellence in environmental, health and safety and security performance



Practical information for users

During the period 2018-2020, the voluntary implementation of the harmonised method is
considered as an improvement phase during which any individual user may provide feedback
and report on lessons learnt? to the Expert Users and Development Group established
within this Framework. User reference material and tools that are mentioned in this guide
are available via the webpage https://www.era.europa.eu/activities/transport-dangerous-
goods/inland-tdg en

2 Please provide feedback using the contact template available on the dedicated webpage.
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1. Introduction

1. Introduction

This guide describes a multimodal risk estimation method intended for a large variety of
users.

The guide is composed of two main parts:

» Part A presents the overall risk estimation method and the tasks that a ‘non-expert’ user
should perform to implement the harmonised risk estimation method. This section allows
the user of the guide to deliver a harmonised description of the given risk estimation
situations’ that are to be assessed.

» Part B introduces more detail in the actual steps of risk estimation (calculation of risk
indicators) that an ‘expert’ user might wish to know. This permits the definition of complex
risk estimations and allows the user to benefit from all the possibilities offered by the
method, including checking and correcting the default calibration of the risk estimation
model.

A number of activities linked to the process of improvement and development of the Inland
TDG risk management framework will take place in 2018, in particular:

» Workshops will continue as part of the dissemination of the harmonised risk estimation
method,

» An Inland TDG website will be set up in order to facilitate access to the framework and
to all relevant material the user may need, including that for the implementation and
development of the framework,

» An‘Expert Users and Development Group’ (EUDG) will be established and will contribute
to the detailed specification of a risk estimation web application. This activity will
inform the decision about making an application publicly available to assist users in the
implementation of this guide.

With this version of the guide some tools (harmonised templates) for the description of
use cases and the setting of default values of parameters have been created. As these tools
might evolve during the process of improvement of the framework, it is recommended to
use the latest updated version of these templates which will be made available on the Inland
TDG website here. This guide should be used in combination with the other guides of the
framework.

Its application is voluntary for any category of user and use case. The user takes full
responsibility for its use.

T Arisk situation is described by the user with the help of use-case description templates. It incorporates any
user-defined correction factors applied to describe the situation, including the effect of user-defined safety
measures.

Version 1.0/2018. Uncontrolled when printed. Download the latest version of this guide and of the accompanying
reference materials and tools at era.europa.eu. © EU Agency for Railways, 2018
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2. Risk estimation approach

2. Risk estimation approach

2.1. Overview

One of the most widely used approaches to the estimation of risks uses the bow tie format for
the description of the causes and the consequences of preselected events.

The guide uses this approach and tries to establish, where necessary, harmonised ways of
quantifying or qualifying TDG risks. It also shows where assumptions have been made and
where it was necessary to use harmonised expert judgement.

The sections of this guide cover the different steps required for risk estimation, considering

potential dangerous goods events (DG events), their potential causes and their potential
consequences.

Figure 1: Bow-tie approach

Dangerous
Goods
(DG)
events

CAUSES CONSEQUENCES

Damages

For the inland TDG risk management framework the bow-tie is deliberately centred on the
most important events that the dangerous goods experts are seeking to prevent or mitigate,
namely dangerous goods events with or without release of the dangerous substance from
its safe containment. In this respect the ‘non release’ DG event is also considered, mainly in
order to consider the specific impact such events have on transport operations that are more
significant than normal freight - non-DG - events.

The outcome of DG events (damage) may be insignificant or very severe depending on the
circumstances. The results and the severity of theirimpact (damage) depends on the sequence
of events (consequences) involving (or not) the dangerous substance under consideration,
the variable nature of the hazards and the types of vulnerability which may be affected by or
protected from these hazards. The consequences also depend on the size and characteristics
of potential DG releases in the environment.

The variability of hazardous situations and risk which may occur from normal transport of
dangerous goods operations may also be summarised by the following figure:

Version 1.0/2018. Uncontrolled when printed. Download the latest version of this guide and of the accompanying
reference materials and tools at era.europa.eu. © EU Agency for Railways, 2018
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Figure 2: Risk estimation method

see Guide for risk estimations — part A, sections 4.x — Description of risk situations
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Risk estimation method: see general description in the Guide for risk estimations — part A and details in part B.

In accordance with the above approach the general formulation of risk is given by the
following formula.

Risk = Frequency of damage x Severity of damage
Damage indicators (impacts) assorted with their related frequencies of occurrence are
used for estimating the risk posed on each type of vulnerability for each predefined type of
hazardous scenario.
Risk indicators = Frequency of predefined type of impact

X

Severity of predefined type of impact

Version 1.0/2018. Uncontrolled when printed. Download the latest version of this guide and of the accompanying
reference materials and tools at era.europa.eu. © EU Agency for Railways, 2018
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Riskindicators are estimated in the same way for each type of vulnerability considered (human,
assets, operations, and environment) and each type of hazardous scenarios considered (DG
event with release, DG event without release, Normal freight - non-DG - event).

The process of risk estimation has been established to permit a harmonised estimation of the
predefined risk indicators in table 1.

Table 1: Definition of risk indicators (R (EVENT TYPE, IMPACT TYPE))

Impact on Impact on Impact on Impact on
Human (health) Assets Operations Environment
DG event R(DGR, N FAT) R(DGR, N ITEMS) R(DGR, N HRS) R(DGR, N SQM)
with release R(DGR, N INJ) R(DGR, COSTS) R(DGR, COSTS) R(DGR, COSTS)
DG event R(DGNR, N FAT) R(DGNR, N ITEMS) R(DGNR, N HRS) R(DGNR, N SQM)
WlthOUt release R(DGNR, N INJ) R(DGNR, COSTS) R(DGNR, COSTS) R(DGNR, COSTS)
Normal freig ht R(FRT, N FAT) R(FRT, N ITEMS) R(FRT, N HRS) R(FRT, N SQM)
events R(FRT, NINJ) R(FRT, COSTS) R(FRT, COSTS) R(FRT, COSTS)

Legend: Refer to the framework glossary for the definition of abbreviations

The way for the user to describe a risk situation in order to perform a harmonised risk
estimation is set out in chapter 4.

The way the harmonised risk estimations are modelled, including relevant and accessible
input data to be used with a set of risk estimation formulas is described in part B of this guide.

Important note:

As planned in the framework improvement process described in section 6 of the
framework guide, use case examples should be published regularly on the ERA.
webpage dedicated to the Inland-TDG risk management framework in order to assist
the user in the practical understanding of each of the risk estimation description and
estimation steps.

2.2. Steps of the overall risk estimation process
When using this guide the following sequence of actions is required in order to perform the

risk estimation for a given situation.

Two main phases have to be considered:
» The description of the risk situation to be assessed (see section 2.2.1),

P The estimation of the risks posed by the described situation (see section 2.2.2).

Version 1.0/2018. Uncontrolled when printed. Download the latest version of this guide and of the accompanying
reference materials and tools at era.europa.eu. © EU Agency for Railways, 2018
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2.2.1. Steps for describing a risk situation

The following steps must be performed by the user to describe a given risk situation.

Table 2: Steps for the user description of studied risk situations

Steps for the Task Applicable section
description of this guide
of a given risk
situation
Analyse

Refer to Guide for

1 - risk situation being considered - :
decision-making

- objectives of the decision-making case.

Consider the harmonised risk estimation approach and the link with

a A ) 2.1and 3.1
a decision-making process.
2
b Consider whether specific information / data should be collected 23and 24
before the next steps.
General description of:
3 - risk situations (reference situation and target situation) 3.2and 3.3
- risk management options.
a Description of the transport infrastructure 4.1.1and 4.1.2
b Description of the transport operations 4.1.3and4.14
C Description of the traffic volumes and structure 4.2
4
d Description of the relevant hazards and reference DG scenarios. 4.3
Identification of the relevant mapping distance. 2.4.4.1
e Description of the vulnerabilities located within the mapping 4.4
distance
5 Information on multimodal case studies 5
Definition of:
. - relevant risk estimation indicators .

- relevant result formats for the situation being considered
- harmonised formatting of results

For details on each of the above steps refer to the sections indicated in the table.

2.2.2. Steps for estimating the risks indicators

Based on the user’s description of the situation being considered (blue box inputs), the
following steps are taken to estimate the risks indicators quantitatively.

Version 1.0/2018. Uncontrolled when printed. Download the latest version of this guide and of the accompanying
reference materials and tools at era.europa.eu. © EU Agency for Railways, 2018
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At the end of the risk estimation process (output blue box) the risk indicators are formatted
in a harmonised way.

Table 3: Steps for the estimation of risk for a given risk situation

Steps of the risk Objectives Applicable
estimation section of this
guide

(Default) Estimation of the reference frequency of transport
events (F1). —

(User) Correction of default F1 frequency setting, if applicable
b to the risk estimation scope and objectives. All corrections 71.4and7.1.5
must be justified

(Default) Estimation of the DG events frequency (F0), with or

a without release. Lol el 22
(Default) Estimation of the probability of involvement of
2 b a dangerous goods unit/cargo in a transport event (P1 =P(DG  7.2.2t07.2.5
UNIT)).
(User) Setting of correction factor (CF_FO0) to the proposed
C default FO frequency, if applicable to the situation being 7.2.7
considered. All corrections must be justified
3 (Default) Estimation of the probability of DG release 73
(P(RELEASE_SIZE)) -
a (Default) Selection of reference DG scenarios. 741
(User) Checking the relevance of the list of applicable reference
4 DG scenarios.
b 74.1
(User) Listing of potential missing relevant DG scenarios
(specific to the situation being considered).
5 (Default) Estimation of the frequency of reference DG scenarios 7.5
a (Default) Estimation of the severity of damage (impacts) for 76
6 reference DG scenarios -
b (User) Correction of the severity of damage 7.6.3
7 Calculation of risk indicators 7.7

Detailed information about each step of the risk estimation process referred to in this section
is given in part B of this guide.

2.3. Preparation of relevant user-specific data

As with any process of risk estimation, the harmonised risk estimation model requires
information to be input relating to the risk situation being assessed by the user of this guide.

In many circumstances assumptions will have to be made by the user in order to best reflect
the situation under consideration using the most relevant data inputs. This phase must be
carefully considered by any user as it is the first step in the correct use of the guide. Most
relevant data inputs should be defined by the users according to their own risk analysis.

Version 1.0/2018. Uncontrolled when printed. Download the latest version of this guide and of the accompanying
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As obtaining relevant data is known to be the ‘critical path’ for any risk estimation exercise,
this framework offers the user two processes to facilitate this:

» where possible, the harmonised risk estimation proposes default reference values for the
user to allocate to input parameters (see Annex V),

» more reliable data through improved collection of information on transport events. This
started during the framework development with an initial structured survey of the relevant
parameters, including identifying databases where some data may already be available.
(see Annex | of the framework guide)

These two processes may, in the future, give the user of the guide easier access to relevant
data and in turn facilitate the performance of risk estimation exercises. However this is
conditional on an improvement of the current legal framework related to the collection of
data on incidents and accidents and on the availability of the information gathered.

Important note:

» All risk analyses, no matter what method used, are associated with uncertainties and
these can be of different kinds. Uncertainties associated with data, methods and
models can significantly influence risk estimation results. Therefore, it is important
to get a good understanding of where the uncertainties are and make a realistic
judgement of the nature and the magnitude of these.

» When necessary, to improve the quality of the results obtained with the model
described in this guide, and in order to meet the objectives of the decision-making case
under consideration, the user should implement the options available to customise
the harmonised model. Steps 1b, 2¢, 4b and 6b are particularly relevant.

» The quality and relevance of the risk estimations obtained with the harmonised model
shall always be checked by the user, and the user takes responsibility for the results,
including how risk estimation uncertainties may influence the decision making.

2.3.1. Checking the availability of information

To check the availability of the information needed for a given use case the user must consider
the list of input parameters applicable to the harmonised risk estimation model in annex V.
The user needs to identify:

» the relevant parameters for which no default values are proposed by the model, and,

» the relevant parameters whose default values need to be corrected to reflect the risk
situation being considered, in the context of the objectives of the decision-making case.

Explanations are given in the following sections regarding the setting of user-specific values
for parameters of the harmonised risk estimation model.

2.3.2. Default, open and fixed values of parameters

The following principles apply concerning ‘Default, ‘Open’ and ‘Fixed’ values.
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The following categories of parameters are defined:
» Parameters with values set by default:
o DEFAULT / OPEN: the set value can be changed by the user,
o DEFAULT / FIXED: the set value cannot be changed by the user.

» OPEN: parameters with values which are not set by default and thus shall be determined
by the users.

‘Default values’ are defined and adopted collectively by the Expert Users and Development
Group. The scope of validity of each default value is recorded for each parameter in the list of
parameters made available here.

The use of suggested values for ‘default/open’ parameters is the full responsibility of the risk
analyst, who should check the relevance of the proposed values for the risk situation studied.

Default values are only valid for risk estimations having the same scope as the scope of the
information which has been used to set the default values, for example EU railways statistics
(see annex I.1.1 for parameter F1_RL_NET_ALL) or French F1 statistics that are relevant for
marshalling yard segments (see annex I.1.1 for parameter F1_RL_MYS_ALL).

When the scope of the ‘default’ setting or the proposed value(s) are not relevant for the case
being considered then the risk analyst must either:

» define values for the most relevant parameters that best reflect the risk estimation situation
in respect of the decision-making objectives (This action is referred to as ‘correction of the
default setting’in the present guide); or

» check and justify that the use of the proposed default values does not affect the quality of
the decision-making.

For ‘default/fixed’ values of parameters the user should use the proposed values as defined
or, where they are clearly not applicable, send a‘change request’to the EUDG with appropriate
justification (see framework guide section 6 for details).

Where ‘no default value’ is proposed the risk analyst shall determine and justify that the
value(s) of parameters are relevant and set consistently with the description of the studied
risk situation. In this case the user of the harmonised model is requested to keep available
the source of information used to set the value of this parameter for interested stakeholders.

It is important that the risk analyst identifies, as soon as possible, the parameters for which
relevant values have to be determined in order to achieve good quality risk estimations and
related decisions, as described above.

Details of the categories of parameters used as data inputs to the harmonised risk estimation
model are given below.

The next two tables provide the list of actions the user and/or the Expert Users and
Development Group (EUDG) can take to set the values for the model’s parameters.
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Table 4: Actions to be taken by users or EUDG for setting values of parameters, depending on the
status of the parameters.

Default value: setting No default Improvement

proposed by the value: process

harmonised model setting (see framework
proposed  section 6 for details)
by the
model

Open Fixed Open value

value value

Actions applicable to the users of the risk estimation guide

User may not change the proposed value.

This allows stakeholders to recognise the risk N/A N/A
estimation result.

U.ser rpust set the val_ue to _best reflect the risk N/A N/A
situation under consideration

User must check whether the proposed value can

be used for the decision-making situation under N/A

consideration or should be corrected to better
reflect the relevant risk estimation situation

User may report an issue with the proposed
default value setting or propose an improvement

User ‘change request’

N/A sent to EUDG

Legend: [} : Possible action from the user, N/A: Action not applicable. (See list of parameters with their status in annex V).

Table 5: Actions to be taken by EUDG (only) for setting values of parameters depending on their status

Default value: setting No default Improvement

proposed by the value: process

harmonised model setting (see framework
proposed section 6 for details)
by the
model

Open Fixed Open value

value value

Actions that may be taken by the Expert Users and Development Group (EUDG)

Expert users group may consider setting a default
value, if relevant, when information is available

N/A N/A

EUDG review of
default value setting

Expert users group may improve a default value
when information is available

EUDG review of model
parameters

Expert users group may change the harmonised
risk estimation model, using new parameters

Legend : [l :Possible actions from EUDG, N/A: Action not applicable. (See list of parameters with their status in annex V)
Using the above principles and tables, the risk analyst can readily check:

» whether proposed default values can be used or whether corrections to the risk estimation
case being considered are justified,

» themissinginput data that needs to be collected before implementation of the harmonised
risk estimation model can continue,
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» thejustification for sending a request to the EUDG to establish new default values or model
parameters in accordance with the framework improvement process described in section
6 of the framework guide.

2.3.3. Qualitative approach

Within this framework the qualitative approach is a verbal expression of 1) damage frequency
and 2) damage severity.

To follow this harmonised qualitative approach the user describes the risk situation being
considered in accordance with the process described in section 2.2.1.

This description is a common element in both the qualitative and quantitative ways of
using the guide. The ‘use case’ description templates should also be used for the qualitative
approach, even if the user chooses to limit the level of detail to the minimum.

The qualitative approach of risk estimation results from the application of the default risk
model setting. The user can perform a risk study and obtain risk indicators as presented in
section 6 without having to provide complex corrections based on quantitative information.

To enable quantified risk indicators to be expressed in a qualitative manner it is intended to
develop harmonised conversion tables using named categories of frequency and severity
as described in annex VL. It is intended that this approach to qualitative estimation will be
further developed by the EUDG.

2.4. Modelling of a user case study (mapping and meshing)

As with any process of risk estimation, the harmonised risk estimation model requires input
information relating to the risk situation to be assessed.

In many circumstances assumptions will have to be made by the user in order to best reflect
the situation being assessed with the most relevant data inputs, including a certain level of
simplification where necessary.

This section covers the general principles of converting of a real-world situation into
information that can be used by a risk calculation model.

The following principles are used:

» ‘Mapping’ is defined as being the description of a real case with the help of use case
description templates.

» ‘Segment’ is defined as being a linear portion of the transport infrastructure under
consideration. The user allocates homogeneous values to infrastructure, operations, traffic
or vulnerabilities within the respective description templates.

» ‘Merged mapping segmentation’ is the use by a risk estimation (IT) application of
homogeneous segments that take into account all user segment inputs.
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» A’Calculation grid’is used to convert the ‘Merged mapping segmentation’into elementary
calculation cells which are used by a risk estimation (IT) application to apply risk estimation
formulas.

The user defines the ‘Mapping’ and ‘Segments’ with the help of templates while ‘Merged
mapping segmentation’ and ‘Calculation grid’ are performed by a risk estimation (IT)
application.

2.4.1. Extracting information from a real Map (user task)

The basic approach to the description of case study can be explain using the following
satellite view:

Figure 4: Example of use case description from a satellite view

Several pieces of information required for the estimation of risks can be extracted from the
above view. However the following explanations do not replace the need for competence
and training for the user in order to implement this guide correctly.

Only a brief explanation of the description method is given below, based on this example.

2.4.2. Transport infrastructure segments (user task)

Transport infrastructure segments are used to describe the main shape of the infrastructure
(red line) in both directions of traffic. The user needs to define a reference “direction 1” that
applies throughout the description of the case study.

Once chosen, the user describes each infrastructure segment by defining start and end
points. Each segment is located between two other segments, with the exception of the first
and last segments; these are located at the start and end points of direction 1 respectively.
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Figure 5: Description of the infrastructure and operation type

Direction 2
P—_
¢ Infrastructure
Infrastructure _ d being
being studied: - _ studied:
Start point Infrastructure and operation type segment 1 | End point

——

Direction 1

For this step the user needs to choose the predefined segment types which best represent
the type of infrastructure and operation, using the definitions given in section 4.1. In this case,
as an example:

» Infrastructure segment 1: Road infrastructure, Countryside operation type,

» Infrastructure segment 2: Road infrastructure, Urban operation type.
2.4.3. Traffic segments (user task)

To map the applicable traffic (Figure 6) the user shall use the dedicated template and the
input parameters predefined in section 4.2. The user shall describe, as much as possible,
homogeneous segments from the point of view of the volume of traffic applicable to
each segment described. At this stage the (user described) traffic segments do not need
to correspond to the infrastructure segments. The information on the infrastructure and
operation type and the information on traffic can be merged automatically later on by a risk
estimation (IT) application..

The figure below shows that, in this example, road entries and exits exist on the infrastructure
being considered, therefore the traffic volume and characteristics may change. In this case
the user is describing segments with traffic composition in both directions, as follows:

» Traffic segment 1:
o traffic composition 1 in direction 1,
o traffic composition 1 in direction 2
» Traffic segment 2:
o traffic composition 2 in direction 1,
o traffic composition 2 in direction 2
» Traffic segment 3:
o traffic composition 3 in direction 1,

o traffic composition 3 in direction 2
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Figure 6: Description of the traffic operated

Direction 2
—
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Traffic exit in
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. Direction 1
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2.4.4. Vulnerability segments (user task)

2.4.4.1. Mapping distance for the description of vulnerabilities

Depending on the DG Class of goods being carried that is applicable to the risk situation being
studied (see description of DG traffic in section 4.2) and the detailed DG hazard properties,
the risk analyst should, firstly, determine the applicable DG scenarios in accordance with
section 4.3.

Next, the risk analyst should consider the available reference material for the applicable
scenarios made available here. For each reference DG scenario the pre-calculated tables
provide the distances of effects considered by the model for the estimation of risks. Section
7.6 gives more detail for the description of the pre-calculated tables and the distance of effect
of hazardous scenarios.

When a DG scenario is not available in the proposed reference material the user may use the
template for pre-calculated tables for the description of the missing scenarios, including the
relevant distance of effect which is determined by the risk analyst. The risk analyst should
also notify the corresponding tables to the EUDG which will be able to review and, where
relevant, make available new harmonised reference material for the DG scenarios being
considered (see ‘change request’ in section 6 of the framework guide). On this basis, the
available reference DG scenarios will be regularly updated in accordance with the framework
improvement process.

The value to be used by the risk analyst for the mapping distance of the vulnerabilities for
a given risk situation, as described above, is the highest value of the distance of effect of all
the DG scenarios that are applicable to the risk situation under consideration.

Oncethe useras determined the applicable mapping distance, the description of vulnerabilities

should be performed in accordance with the method described in sections 2.4.4.2 and 4.4.
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2.4.4.2. Mapping categories (linear and surface densities, 1D, 1D+)

In practice two categories of vulnerability mapping can be used:
» Linear density of vulnerabilities,

» Surface density of vulnerabilities,

The same method is applicable to each category of vulnerability: Human (VH), Assets (VA)
and Environment (VE).

Linear densities are used only for vulnerabilities located within the premises of the
infrastructure under consideration, taking into account the width of the infrastructure.

Surface densities are used to describe vulnerabilities that are located in the area surrounding
the infrastructure premises.

In 1D mode only one zone per direction is considered for each segment.

Figure 7: Description of the mapping distance and vulnerability segments around the described
infrastructure (1D method)

;vulnerability g
/'segment 3, on
1 diréctid‘n 2 side
’i

Human vulnerability segment
1, on direction 2 side

/ ~ Human \

. vulnerability, "

Human vulnerability segment
1, on direction 1 side

In 1D+ mode, 10 different zones in each direction can be used by the user to differentiate
the density of the vulnerabilities within each segment. Within a zone a given density of
vulnerability is allocated a constant value. By convention, the user defines the limit of each
zone as a distance from the infrastructure centreline.
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Figure 8: Description of vulnerability segments around the described infrastructure (1D+ method)

Human Human vulnerability
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Human vulnerability segment
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Each segment is described using either the 1D or 1D+ method. Therefore, depending on the
length of each segment and the method used, the description of vulnerabilities can go from
the minimum level of detail up to a quite detailed description that localises vulnerabilities.
This is done by using a short segment that locates the vulnerability in one specific zone.

The default categories of vulnerability (both linear and surface density) considered by the
model are indicated in section 4.4.2.

2.4.4.3. Time-dimension mapping (NoTimeDependency — NTD mode, Time of Day - ToD mode)
In practice two categories of time-dimension mapping can be used.

The simplest approach is to consider that no parameter of the risk estimation is dependent on
the time of day. This is the NoTimeDependency mode (NTD).When required by the nature of
the risk situation the user may describe relevant parameters relating to the time of day. This

is the TimeofDay mode (ToD).

When the user wishes to describe time dependencies, the “ToD’ marked tools shall be used.

2.4.4.4. Level of detail of mapping

Basic descriptions of case studies using only 1D or 1D+ approach are feasible but these have
limitations.
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In practice complex and curved routes surrounded by highly heterogeneous vulnerabilities
cannot reasonably be mapped except where it is possible to use Geographic Information
System resources. And even in such a case, only a genuine 2D calculation grid can deliver
accurate risk estimations.

The 1D and 1D+ description approaches need to be used with due regard to therisk estimation
objectives and required accuracy. They provide a simplified approach which can be used, in
principle, when:

» route curvatures are small compared to the effective distance of the DG scenarios that are
applicable to the case study (see section 4.3.), and

» surrounding vulnerabilities can be considered to be quite homogeneous within the effect
distance of the DG scenarios that are relevant to the case study,

However, for an initial approach, some indication of risk estimation level can be assessed with
the 1D and 1D+ approaches, especially when it is not possible to model a whole network
of a given infrastructure due to the size of the calculation grid which would result from the

mapping.

On this topic, user experience is necessary to find the right balance between the complexity
of the mapping, the objectives of the risk estimation case study, the available risk estimation
engines and the computing resources.

2.4.5. Merged mapping segmentation (risk estimation engine task)

The mapping of segments within each dedicated description template is carried out
independently by the user. This approach allows the user to concentrate on the variation of
the relevant parameters independently within each description template.

Based on the user inputs, the risk estimation model will use homogeneous segments which
can be worked out by the risk estimation formulas of a risk estimation engine.

This file is called ‘merged mapping segmentation’ and is produced by the risk estimation
engine tool which allocates corresponding homogeneous values of the input parameters
relating to infrastructure and operations, traffic characteristics and vulnerability densities.
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Figure 9: Merged mapping into homogeneous characteristic segments based on the user description
of segments
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Legend: I=infrastructure segment; DIR=Direction; T=Traffic segment; VHx-y= Human vulnerability segment x in density
zoney

2.4.6. Calculation grid (risk estimation engine task)

Risk estimation (IT) applications generally use a calculation grid to perform risk estimation
calculations. This grid is automatically defined by the application on the basis of the
description of the risk situation being studied, as compiled by the user and converted into
the merged input file.

This functionality is necessary to ensure correct risk estimation, in particular the estimation
of the impacts of hazardous areas on vulnerabilities: on the one hand, hazardous areas have
various shapes and dimensions (circular, elliptical, rectangular, triangular; ranging from a few
metres to several kilometres). On the other hand the user can locate vulnerabilities with
a degree of precision ranging from very small to very large segments.
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Figure 10: Setting out a calculation grid for estimating risks

In principle, the finer the grid the more numerically accurate the risk estimation will be,
allowing better estimation of the impacts of hazardous areas of various shapes in every
grid cell. However a fine grid is irrelevant if the mapping of vulnerabilities is not sufficiently
detailed to support it.

Therefore a good risk estimation must start with compatible mapping of segments by the
user.

2.4.7. Process of risk estimation (risk estimation engine task)

Thedetailed specification of aharmonisedrisk estimation engine startedin 2018, inaccordance
with the European Union Agency for Railways work programme and in collaboration of the
Expert Users and Development Group.

The information below draws together the main strands of current risk estimation practice
which should be offered in the future by a harmonised risk estimation engine.

2.4.7.1. 1D, 1D+ - Calculation of DG scenarios’ impacts without considering wind rose

For the 1D approach the main assumption is the equal probability of all directions of impact,
representing an effect distance of a given degree of severity. As a consequence the shape
representing hazardous areas is circular.

Using this assumption the impact of the hazard is calculated in each grid cell affected by the
hazardous area.

Taking each grid cell in turn the severity of impact of the hazard under consideration is
calculated for the vulnerabilities that are located in that cell.
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The sum of the impacts of a considered event for each cell impacted by this event provides
the contribution of this event to the consequence measure N of the F/N curves.

Then F/N curves can be constructed for:

1) a selection of infrastructure segments or the whole infrastructure,
2) selected DG scenarios or all DG scenarios,

3) specific types of impact, and

4) when monetised, economic impacts.

Within a given cell the sum of all ‘received’ impacts at the applicable frequency allows
estimation of ‘individual risk indicators’ for the vulnerabilities that are continually present in
the considered cell (24 hrs/day, 7 days/week).

2.4.7.2. 1D, 1D+ - Calculation of DG scenarios’ impacts considering wind roses

When considering the influence of wind roses, the 1D and 1D+ approaches need to model
two influences:

» Some DG scenarios are notinfluenced by wind rose, for example explosions from explosives
are considered as having a circular hazardous area in all circumstances,

» Dispersion of fumes, smoke, and toxic substances are influenced by wind direction and
atmospheric stability.

Harmonised pre-calculated tables of impacts incorporate the influence of weather conditions
and wind roses as they model the expected distance of effect for DG scenarios under several
conditions of weather stability.

Logically the use of wind rose information should be combined with data about the
orientation of the segment being considered and the location of the vulnerabilities for which
the estimation of risks is performed, this is particularly relevant when the infrastructure being
considered is composed of significantly curved routes.

When used, wind rose/weather stability information is integrated into 1D and 1D+ modelling
by estimating the impact of hazardous areas on vulnerabilities that are located in each given
angular sector within the impact distance. Day and night variation may also be considered as
wind roses/weather stability normally change between day and night.

Based on this approach the impact of hazardous areas is calculated in each of the impacted
grid cells and evaluated to give the relative frequency of impact, as well as F/N curve estimates.
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2.4.7.3. 2D - Calculation of DG scenarios’ impacts with consideration of a wind rose

This guide does not describes full 2D or 3D risk estimations but only simplified 1D and
1D+ approaches.

For 2D approaches weather stability, wind rose and genuine 2D descriptions of vulnerabilities
are used to estimate the risks from DG scenarios.

In general the implementation of a full 2D approach is necessary for local risk estimation
at specific points of a network but is impractical for manual implementation on an entire
network without the use of the simplifications that are offered by the 1D+ and 1D approaches.
When the approach offered by 1D and 1D+ templates is not relevant then the user should try
preparing required data with the help of IT application, including geographical information
systems and implement a full 2D risk estimation approach.

2D approach will be considered for the specification of the risk estimation (IT) application by
ERA and the EUDG members as foreseen in the framework improvement activities.

2.4.7.4. Time/Day / Season dependencies

Time dependencies vary in nature and may be taken into accountin 1D, 1D+ or 2D approaches
in various ways.

For example, peak hours are common features of any transport system and most human
activities. Based on the description of the traffic, queuing effects in the vicinity of DG
events may be taken into account. Human activities and the associated presence of human
vulnerabilities at certain periods of the day and night can also be taken into account.

Wind rose information (2D approach only) is also time-dependent as it is different for day-
and night-time.

Seasonal variations of risk situations may also be considered by the user of the guide when
necessary.

Some existing models permit the description to use the annual average of daily trafficand/or
the average presence of human vulnerabilities during a day.

Version 1.0/2018. Uncontrolled when printed. Download the latest version of this guide and of the accompanying
reference materials and tools at era.europa.eu. © EU Agency for Railways, 2018


https://www.era.europa.eu/

3. Risk estimation for a given decision-making case

3. Risk estimation for a given decision-making
case

3.1. Role of risk estimation within a decision-making process

In general, risk estimation is performed with the intention of taking decisions concerning risk
control measures or to check the risk levels of different situations.

It means that the implementation of this guide (blue boxes in the figure below) normally

starts within a risk management project, which may require the implementation of the Guide
for decision-making (orange boxes), when necessary.

Figure 11: Risk estimation within a decision-making optimisation cycle

Data inputs from various sources

Decision- ! Description N perform Risk ';Explain < Deliver risk Decision-
making guide @ of the studied | @ estimations 2 assumptions 2 estimation making guide
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>

The information used for the definition of a risk situation to be assessed may be provided by
a decision-maker, or independently by the user of the risk estimation guide.

In any case, the general objectives of the risk management exercise - the reference risk
situation, the target risk situation and the options to reach the target risk situation — should
be clearly described.

Sections 2 and 3 of the Guide for decision-making provide assistance for the harmonised
analysis of the decision-making case and the approach to the risk management objectives.
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Important notes:

A principle of segregation of roles was used to establish the framework of guides, in
particular avoiding the potential mixing of roles of risk analyst and decision maker.

The guide for risk estimation has a principal objective of allowing the delivery of
harmonised risk estimation that is better recognised by stakeholders.

It is important that the risk estimation results produced by the user of this guide are not
biased by making assumptions that compromise potential future decisions, for example
by deliberately aligning the risk results with preferred options.

The harmonised decision-making process is covered by the Guide for decision-making,
which is compatible with the risk estimation results produced in accordance with this
guide to risk estimation.

Although the two guides may be used independently, it is important to note that
the framework is designed to ensure overall consistency of the harmonised risk
management approach, including for default data setting, the risk estimation model
and the decision-making process.

3.2. Decision-maker mandates for the users of this guide

Important note:

This section is also applicable when a decision making case is self-defined by the user of
this guide, as mentioned in the previous section.

It must be noted that several risk estimation loops may be necessary to complete a full
decision-making optimisation process, depending on the complexity of the decision to be
taken.

For example, in complex projects, the decision-maker may not always know how to achieve
a target risk situation at the beginning of the decision-making project or which risk control
options (safety measures) will achieve the desired target.

This is why, at the beginning of a decision-making project, the purpose, objectives and
risk management options should be studied in accordance with the process described in
section 3 of the Guide for decision-making, resulting in one or more risk estimation requests
to adequately inform the decision-making process. This is particularly important when
a mandate is addressed to the risk analyst by the decision-maker, but it is also recommended
that risk analysts uses this method in case of risk management on their own initiative.

When this step defining the risk management objectives has been completed the user of this
guide is responsible for delivering the best possible, well justified, risk estimations for the
different risk situations to be assessed.

It is possible that during the performance of the risk estimations, new options for managing
the risks are identified by the risk analysts. In this case the risk analysts should either inform
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the decision-makers — and possibly obtain a revised mandate from the decision-maker — or
update the risk management options description.

In any case, in order to obtain the full benefit of this framework the risk estimation results shall
be transparent and independent from any other decision made about the risk management
options being considered. Taking this perspective, risk estimations shall be factual inputs to
the process of decision-making, reflecting as accurately as possible the potential effects of
proven risk control options (safety measures).

In order to facilitate transparent, accurate and traceable exchange of information between
the risk analysts and decision-makers, the package of information described in the following
section should be recorded for each risk situation that is assessed, including options.

3.3. Package of information for each risk situation to be assessed, and
options

The user of the risk estimation guide shall use the following information packages to describe
each risk situation for which the estimation of risk indicators is needed:

a. The detailed description of the transport infrastructure and transport operations being
considered, using the template Use case - Infrastructure and operations description in
accordance with the explanations given in section 4.1 Harmonised description of the
infrastructure.

b. The detailed description of the dangerous goods traffic, normal freight traffic and
surrounding passenger traffic (when applicable, according to the risk management
objectives) being considered. This description is formulated by using the template Use
case - traffic description in accordance with the explanations given in section 4.2.

. The list of selected DG scenarios (see section 4.3) using the table of allocation of DG
scenarios assorted with their indicative distance of effect (see section 4.4).

d. The detailed description of vulnerabilities considered as relevant for the assessed
risk situation/option and located within the mapping distance. This description uses

the template Use case — Human vulnerabilities description in accordance with the
explanations given in section 4.4. Harmonised description of Vulnerabilities.

The above information constitutes the basic packages of information required for the
estimation of risk indicators.

One package of information will then correspond to one risk situation/option assessed as
follows:

1) Reference risk situation -> Reference information package
2) Risk management Option 1 -> Modified information package 1
3) Risk management Option 2 -> Modified information package 2

This approach facilitates the traceability of changes between different risk situations,
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e. The user should explain in a note:

» the changes made between two information packages representing two different
risk situations,

» the parameters whose default values were corrected to better reflect each assessed
situation, including the justification of the corrections made.

If the user of the guide modifies the default settings of the model they should develop their
risk estimations in accordance with the following rules:

1) use the default harmonised values of the model parameters whenever possible,

2) justify any user settings and correction factors which are applied.

Important note:
When the users of this guide identify limitations that mean the proposed harmonised
model cannot be used to describe a particular risk situation they should report them.

In such cases the user may send a change request to be considered by the Expert Users
and Development Group for incorporation into a subsequent version of the harmonised
framework in accordance with the principle of maintenance and continuous
improvement as described in section 6 of the Framework guide.

3.4. Modelling of a risk control (safety) measure

In first instance the modelling of user-defined risk control measure (or safety measure) in the
harmonised risk estimation model requires an analysis of the expected safety improvement,
including considering potential drawbacks, and taking into account the fact that the model
calibration (default reference setting) already implicitly takes into account the effect of pre-
existing safety measures.

3.4.1. With changes made to the parameters used for the description of a given risk
situation (use case description templates)

When the expected safety improvements are clearly defined by the risk analysts then the
effect of the risk control measure can be modelled using the harmonised model by changing
the relevant parameters of the description package and/or setting correction factors.

Any (open) parameter that is used by the risk estimation model may be used to reflect the
effect of a given measure.

For example, the most common possibilities are:
» To compare two different routes by comparing two different infrastructure situations,

» To compare two different traffic situations by using traffic parameter descriptions,

» To compare two different distributions of the vulnerabilities along a route by using the
vulnerabilities description,

» Oracombination of the above possibilities.
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3.4.2. With correction factors

More complex risk control measures may also need to be described by the user by setting
relevant correction factors to relevant frequencies, or by relevant estimation of impacts
within the model. This approach is detailed in the steps described in chapter 7 of this guide.

The list of model parameters and permitted corrections is available at this address. The list
identifies whether a parameter is used to estimate of the severity of damage to vulnerabilities
or to estimate frequencies.

3.5. Minimum requirements for risk estimation

To estimate the risks of the activities within the scope of a case study, the user shall:

4
4

provide a description package for each assessed risk situation,

list all the hazards that are not taken into account by the model but which are relevant for
the use case, based on a risk analysis exercise (not covered in this guide),

list all the vulnerabilities that are not taken into account by the model but which are
relevant for the use case, based on a risk analysis exercise (not covered in this guide),

list the risks that are not taken into account by the model, based on a risk analysis exercise
(not covered in this guide),

provide information on risk control measure tested and clearly describe how this measure
is modelled using the available parameters of the model, including the potential use of
correction factors,

deliver the above information and the corresponding results of the risk indicators to the
decision-makers, and to any interested party on request.

Important note:

This guide proposes a method to estimate risk indicators based on an harmonised
approach to the description of risk situations.

However this guide does not describe the risk analysis techniques to be used by the risk
analyst to ensure relevant risks have been identified before describing a risk situation
that is to be estimated in accordance with this guide.

From this perspective the risk analysis step is not fully covered in this guide.
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4. Harmonised description of a risk situation

When carrying out the steps required for the description of a given risk situation, risk analysts
shall know at least the basic information applicable to the assessed risk situation as defined
in chapter 3.

A given risk situation is described by a package of information as described in section 3.3.

The following sections introduce detailed information on the parameters making up the
harmonised description of a risk situation; harmonised templates align, when possible, with
the proposed default settings of the values of the parameters.

Important notes:

During the second phase of the TDG Roadmap it is intended to start the development
of a web application to assist users in the implementation of this guide for user-specific
risk situations.

Until this application becomes available, this guide provides information at the
methodological level and includes some harmonised tools (templates) for assisting
users.

Link to templates and tools

4.1. Harmonised description of the infrastructure and operations

For this step the user considers both the infrastructure on which TDG operations take place
and the type of operation. The harmonised model considers predefined pairs of infrastructure/
operation categories applicable to the whole transport chain.

These categories are defined in the following sections.

4.1.1. Default - Infrastructure parameters

By default the risk estimation model take into account several categories of infrastructure
on which the transport of dangerous goods chain is organised. The definition of the type of
infrastructure is linked to the category of operation taking place on them.

The document Default - Infrastructure and operation parameters contains the predefined
description of different modes of transport, infrastructure categories and transport operation
categories.

Predefined characteristics for the following categories of infrastructure are available to the
user of the risk model:
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Road segments

Mode Infrastructure Transport operation Definition
category category

(generic) Road segment representative of all possible

RD n/a NET categories of infrastructure and operations on a road
network (NET)
(generic) Road segment representative of operations

RD ORD ALL performed on all categories of open roads (ALL)

RD ORD URBAN Road |pfrastructure segment open to road vehicle
traffic in urban area

RD ORD SUBURBAN Road |pfrastructure segment open to road vehicle
traffic in suburban area

RD ORD COUNTRY SIDE Road |r\frastructure segment open to road vehicle
traffic in countryside

RD ORD HIGHWAY nghway road infrastructure segment open to road
vehicle traffic

RD PRK n/a Parking road |nfra.structure segn)ent open for
temporary stopping of road vehicles
Logistical road infrastructure segment open to road

RD HLT n/a vehicles for loading / unloading / transloading of
packaging

RD FLU n/a FiIIing/.empt.ying road infrastruc.ture segment for
operation with road tanker vehicles

RD USR OTHER User defined infrastructure segment for the road

mode of transport

Railway segments

Mode Infrastructure category
category

Transport operation

Definition

RL n/a NET

(generic) Railway segment representative of
all possible categories of infrastructure and
operations of a railway network (NET)

RL OLN ALL

(generic) Railway segment representative of
operations performed on all categories of
open lines (ALL)

RL OLN URBAN

Railway infrastructure segment open to railway
vehicle traffic in urban area

RL OLN SUB-URBAN

Railway infrastructure segment open to railway
vehicle traffic in suburban area

RL OLN COUNTRY SIDE 1

Railway infrastructure segment open to railway
vehicle traffic in countryside with 1 line of
traffic

Railway infrastructure segment open to railway

RL OLN COUNTRY SIDE 2 vehicle traffic in countryside with 2 lines of

traffic
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Railway segments

RL

STSD

ALL LOCATIONS

Railway infrastructure segment for stations and
sidings used by railway vehicles for temporary
stops

RL

STSD

ENTRY

Entry part of a Railway infrastructure segment
for stations and sidings

RL

STSD

WITHIN

Inner part of a Railway infrastructure segment
for stations and sidings

RL

STSD

EXIT

Exit part of a Railway infrastructure segment
for stations and sidings

RL

MYS

ALL LOCATIONS

Railway infrastructure segment for marshalling
yard open to railway vehicles for reception,
uncoupling, shunting and departure of trains

RL

MYS

RECEPTION

Railway infrastructure segment for marshalling
yard reception

RL

MYS

UNCOUPLING

Railway infrastructure segment for marshalling
yard wagon uncoupling area

RL

MYS

SHUNTING

Railway infrastructure segment for marshalling
yard wagon shunting operations to form new
rakes

RL

MYS

DEPARTURE

Railway infrastructure segment for marshalling
yard where trains are formed with new rakes of
wagons, including train pre-departure checks

RL

HLT

n/a

Railway infrastructure segment for specific
infrastructure open to railway vehicles outside
the railway network, dedicated to loading

/ unloading railway freight vehicles with
packaging

RL

FLU

n/a

Railway infrastructure segment for specific
infrastructure open to railway vehicles outside
the railway network, dedicated to filling /
emptying railway tank wagons

RL

USR

OTHER

User defined infrastructure segment for the
railway mode of transport

Inland waterways segments

Transport operation

Mode Infrastructure category Definition
category

(generic) Inland waterways segment

ww n/a NET .representatlve of all p055|.ble categques of
infrastructure and operations of an inland
waterways network (NET)
(generic) Inland waterways segment

Iww oww ALL representative of operations performed on all
categories of open inland waterways (ALL)

wWw oww CEMT- Inland waterways infrastructure for category
| vessels

ww oWW CEMT-II Inland waterways infrastructure for category
Il vessels
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Inland waterways segments

Inland waterways infrastructure for category

IWw oww CEMT-II
Il vessels

WwW oww CEMT-IV Inland waterways infrastructure for category
IV vessels

Ww oww CEMT-V-a Inland waterways infrastructure for category
Va vessels

WW oww CEMT-V-b Inland waterways infrastructure for category
Vb vessels

Ww oww CEMT-VI-a Inland waterways infrastructure for category
Vla vessels

WwW oww CEMT-VI-b Inland waterways infrastructure for category
Vlb vessels

Ww oww CEMT-VI-c Inland waterways infrastructure for category
Vlc vessels

WW owWwW CEMTVII Inland waterways infrastructure for category
VIl vessels

WW WTG n/a Watergate segment of an inland waterway
infrastructure

WW HRB n/a !—Iarbour area of an inland waterway
infrastructure

WW HLT n/a !_oadlng/UnIoadlng/TrapsIoadlng area of an
inland waterway harbour infrastructure

WW FLU n/a FiIIing / Emptying or Loading / inoading area
of an inland waterway harbour infrastructure

Ww USR OTHER User defined infrastructure segment of an

inland waterway

Multimodal segments

Mode Infrastructure Transport operation Definition
category category
(generic) Multimodal platform segment
representative of all possible categories of
WL i ALE multimodal platforms and operations within
a network (NET)
RDRL (Road/Rail)
or RDIW (Road/Inland . .
waterways) (generic) Multimodal platform segment
MMP . ALL representative of all categories of operations
or RLIW (Rail/Inland performed on the selected category of
waterways) or infrastructure (ALL)
RDRLIW (Road/Rail/
Inland waterways)
RDRL or RDIW Reception area of a multimodal platform
MMP or RLIW or RECEPTION (MMP) operating with the declared modes of
RDRLIW transport
RDRL or RDIW Loading/Unloading/Transloading cargo area
MMP or RLIW or TRANSLOADING of a multimodal platform operating with the
RDRLIW declared modes of transport
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Multimodal segments

RDRL or RDIW Formation (of vehicles) area of a multimodal
MMP or RLIW or FORMATION platform operating with the declared modes

RDRLIW of transport

RDRL or RDIW (vehicle) Departure area of a multimodal
MMP or RLIW or DEPARTURE platform operating with the declared modes

RDRLIW of transport

Important note:

The predefined categories of infrastructure and operations segments listed above
are used to allocate default reference values to the safety performance of transport
operations as monitored with relevant transport statistics (see section 7.1).

4.1.2. Use case - Infrastructure description

Based on the predefined characteristics of the different categories of infrastructure, the user
of the risk estimation model will define the ‘Use case’ infrastructure. This is facilitated by the
use of the template document Use case — Infrastructure and operation description

This template allows the user to define the category of infrastructure segments on which the
TDG risk estimations will be performed.

Figure 12: Provisional template for an infrastructure and operations category description. See https://
Www.era.europa.eu/activities/transport-dangerous-goods/inland-tdg_en for the latest updates.

Description of Infrastructure (1D or 1D+)

Total length 0 km

(0-359) [1D; 1D+) (formula) __ (Nb) (km/h) (m) (Nb) (km/h) (m)
0

BO®ONOG S WN R
©Ooocooocoooo
Sooooooo o

15}

4.1.3. Default - Transport operation parameters

The risk estimation model take into account several categories of transport operation:

» Operations involving dangerous goods substances and containments. Typically these
categories of operations relate to the processing of substances and containments
during filling/emptying operations.
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Operations for Handling / Loading / Transloading / Stowing dangerous goods packaging
during shipment and loading / unloading operations before / after carriage. These
operations are considered separately from the carriage phase.

Traffic operations with vehicles carrying, or having carried, dangerous goods. This
traffic is mixed with passenger and non-dangerous goods freight traffic on transport
infrastructures.

Logistics operations related to specific phases of transport operations where
manoeuvres / shunting / parking of vehicles / vessels are necessary. Shunting yards,
truck parks and inland ports are the areas that are principally concerned with these types
of operations, and shall be considered as a part of the transport chain.

Other operations specific to a given mode of transport.

By default the risk estimation model considers that the above types of operations are directly

linked to the type of transport infrastructure locations, as follows:

4

On open line (OLN) segments: traffic operations mixing passenger/freight and dangerous
goods carriage services. For this category, sub-categories of transport operations are
defined to take into account the capacity of the infrastructure in terms of traffic, for
example the number of lines/tracks (URBAN, SUBURBAN, COUNTRYSIDE, HIGHWAY) or the
inland waterways categories (CEMT categories).

On park (PRK) segments: specific road transport operations consisting of temporary stops
and manoeuvres of road vehicles, mixing passenger/freight and dangerous goods road
vehicles in parking areas.

On logistical (HLT) segments: handling / loading / unloading / transloading operations
with the loadings in/on freight vehicles, including transport operations with packaged
dangerous goods,excluding filling/emptying substances and processing of mixtures.

On filling/emptying (FLU) segments: filling/emptying dangerous substances operations
with various type of tanks/tank-batteries carried/mounted on vehicles, including tanker
vehicles.

On stations and sidings (STSD) segments: operations with railways vehicles and trains for
temporary stops of vehicles / rakes of vehicle / trains and simple manoeuvres / reformation
of trains.

On marshalling yard (MYS) segments: transport manoeuvre operations relating to the
reception/shunting/formation of trains.

On logistics/watergate (WTG) segments: transport specific manoeuvre consisting of
entering another water level of an inland waterway network.

On logistics/harbour (HRB) segments: specific types of vessel transport manoeuvre, if
necessary assisted with tugboats, in order to join/leave allocated moorings.
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» On multi-modal platform (MMP) segments: transport manoeuvre and operations relating to
the reception / loading / unloading / transloading / formation and departure of vehicles /
trains / vessels.

4.1.4. Use case - Transport operation description

When defining the infrastructure segment type in accordance with section 4.1 the user may
apply default values corresponding to the segment type, where available.

These values may be corrected by the user for the best fit with the description of the risk
situation.

In the event that the operation under assessment does not conform with the predefined
categories, the user may use the segment type ‘USR / OTHER' in order to define the
characteristics of the considered operation.

4.2. Harmonised description of DG traffic

4.2.1. Default - traffic structure

In order to perform risk estimation it is necessary to estimate the possible rate of occurrence
of transport operation events. The rates of occurrence depend on the structure of the traffic
and in particular of the presence/absence of certain categories of load.

By default the risk estimation model considers that transport operations are performed in
mixed traffic compositions, composed of passenger, non-DG freight and DG freight services.

In addition the model considers the following categories of dangerous goods loads:
» Big tanks/bulk containments,
» Medium tanks/bulk containments,

» Small packed goods and articles.

For each type of loading an average weight is predefined per class of dangerous goods. Even
if this approach is not perfectly representative of actual transport operations it allows a fair
macro description of traffic structures. In turn, this allows estimation of the probability that
a safety occurrence involves a given type of DG class and load size. The default load size
cannot be set by the user (it is a closed parameter) because it depends only on the design of
the authorised freight vehicle. However the user can break down the means of transport for
carrying the volume of goods specified in a given use case.

The predefined (Default) characteristic of the traffic structure is based on EU transport
statistics. This means that, by default, the model will provide risk estimates that are relevant
for studies having their scope in an EU region.
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The default traffic structure also considers the daily volume of traffic by time of day for
passenger, normal freight and DG freight transport. This is an open parameter which can be
specified by the user.

For each class of dangerous goods the ten most-transported goods, as classified by UN
number, are also predefined in the model. This parameter allows better definition of the DG
scenarios in terms of representative substances.

Predefined characteristics of the EU traffic structure are recorded in the document ‘Default —
traffic parameters.

However, users are permitted to adapt the traffic characteristics for another study scope in
accordance with the use case being considered. These adaptations are made with ‘Use case’
dedicated forms that allow the user to adapt‘Open’ parameters of the risk estimation model.

4.2.2. Use case - traffic description
For studies having their scope in an EU region the user may apply the default traffic setting.

For other scopes of application the user should check the applicability of the default setting
or modify the default setting with values applicable to the case being studied, using the

template ‘Use case - traffic description’

Figure 13: Provisional template for traffic description. See https://www.era.europa.eu/activities/

transport-dangerous-goods/inland-tdg_en for the latest updates.
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This template allows the description of the following parameters:
» Transport volumes for passenger services, normal freight services and DG freight services,

» Details of the DG traffic structure in relation to the breakdown of DG traffic by class of
dangerous goods,

» Details of the DG traffic structure in relation to the share of loading by mode, in order to
carry the defined volume of DG traffic,

» Detailed information on DG traffic in relation to the ten most transported UN numbers by
volume,
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» Details of the peak traffic hours.

Each element of the detailed traffic information can be specified for each segment of the risk
situation being considered.

However, when the required information is not available for a given risk situation, the user of
the model may decide to use predefined ‘default’ values of DG transport traffic based on EU
statistics. In this case only the transport volume parameters need to be described by the user.

4.3. Harmonised description of hazards and reference DG Scenarios

Important notes:

» The users of this guide shall base their descriptions of relevant hazards on their own
risk analysis.

» Once the user has developed a correct risk analysis for the use case being considered,
the harmonised risk estimation method establishes conventions for describing the
considered (harmonised) risks and estimating the corresponding risk indicators.

» Although the harmonised risk estimation method cannot ensure that the user has
performed the necessary risk analysis correctly, the risk estimations provided by
the model allow comparison of the results obtained with other use case results that
have been performed using the model.

» The user of this model is wholly responsible for ensuring, so far as is reasonable, that it
covers the hazards and risks which must be identified during the risk analysis step (not
covered by this guide).

4.3.1. Preliminary comments on Hazards and Risks

Hazards are defined as a potential source of harm/damage. The risks posed by the transport
of dangerous goods arise from the potential exposure of vulnerabilities to harmful effects.

The risk from a given activity transporting dangerous goods essentially arises from the
transport activity being performed, the categories of hazards involved and the vulnerabilities
that are potentially exposed.

In order to keep the framework manageable a reduced set of hazards and vulnerabilities is
considered, and presented in the following table.
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4, Harmonised description of a risk situation

4.3.2. Default - Hazards and DG scenarios

In order to allow the use of a harmonised risk estimation model a Table of hazards and of
reference DG scenarios has been established. This table is available here.

This table indicates the likely DG scenarios which may occur during a DG transport event
involving a release and that are considered by the harmonised risk model for each class of
dangerous goods (classified in accordance with chapter 2 of the Classification of RID/ADR/
ADN regulations).

This table is used by the risk estimation model to determine a default list of relevant DG
scenarios from the traffic description provided by the user of the model.

More details on the use of this table are given in section 7.4 and annex IIl.

4.3.3. Default - Pre-calculated reference DG scenarios

The estimation of the distance of effects of hazardous DG scenarios is highly complex in itself
and requires many coherent assumptions, including consistency between the estimation of
the severity of impact and the estimation of the corresponding frequency of occurrence.

This is why the framework uses pre-calculated reference DG scenarios for the estimation of
the distances of effects, in order to estimate consistently the severity of impacts that are also
linked to the estimation of the applicable frequencies of occurrence.

With this method the estimation of the severity of impact and the corresponding frequencies
are consistently estimated and the assumptions regarding correctly- or over-estimated
(conservative approach) risks can be transparent and well-controlled.

The reference material for the pre-calculated reference DG scenarios are available to
risk analysts here. The risk analyst has to select the applicable pre-calculated reference
DG scenarios with the help of the ‘Table of allocation of TDG scenarios: This table and the
corresponding pre-calculated reference DG scenarios will be regularly updated with the
aim of improving the applicability of the method to the different types of DG carriage with
relevant and harmonised distances of effect.

More details of the pre-calculated reference DG scenarios are given in section 7.6 and annex
M.

4.3.4. Use case - Hazards and DG scenarios

By default, any risk estimation will take into account the list of reference DG scenarios relevant
for the use case ‘DG traffic’ described by the user.

However, a default reference DG scenario may not cover all of the specific scenarios which
should be considered by the risk analyst in a given case study.
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The user of the guide should therefore check, in accordance with the analysis made by the
risk analyst, whether the list of DG scenarios proposed by the allocation table of reference DG
scenarios does cover correctly the potential list of scenarios applicable to the risk situation
being studied.

If not, the user should identify and list any other scenarios applicable to the risk situation
being studied.

Therefore it is the responsibility of the user to check and, if necessary, add relevant
DG scenarios to the ‘default’ risk estimation scenarios, and so to augment the list
of DG scenarios being considered by the user for a given case study.

Note: For each scenario being considered a related frequency of occurrence will have to
be determined in order to be able to assess the risks.

This is the reason why the user of this guide should complete the following table to identify
clearly the DG scenarios which need to be considered in addition to the default list of
scenarios.

Table 7: List of additional DG scenarios identified by the user for the case being studied

List of additional DG Class of DG UN numbers Description of the DG scenario risk
scenarios identified by
the user

User DG scenario 1

User DG scenario 2

4.3.5. Use case - Pre-calculated DG scenarios

For each DG scenario which is not already available in the list of reference material the risk
analyst may notify the EUDG of the pre-calculated DG scenarios that are relevant to the risk
situation being considered (see ‘change request’in section 6 of the framework guide).

On this basis, the EUDG which will review and, where relevant, make available new harmonised
reference material for the DG scenarios that have been evaluated.

4.3.6. Minimum requirements

The user of this guide is responsible for checking and updating the proposed risk estimations,
if necessary, and adding to the list of ‘default’ DG scenarios to be considered in a given case
study.

As a minimum the user shall establish a ‘qualitative’ list of hazards relevant to the case study
and shall consider whether other hazards in addition to those included on the harmonised
list are relevant to the case study.

Version 1.0/2018. Uncontrolled when printed. Download the latest version of this guide and of the accompanying
reference materials and tools at era.europa.eu. © EU Agency for Railways, 2018


https://www.era.europa.eu/
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The table of additional DG scenarios identified by the user shall be provided to the decision-
maker for information.

4.4. Harmonised description of Vulnerabilities

The harmonised risk estimation model defines Vulnerabilities as human, operations, transport
(technical) systems, and the built and natural environment that are potentially impacted by
dangerous goods events. These vulnerabilities may be harmed/damaged if exposed to the
hazardous areas potentially existing during dangerous goods events.

4.4.1. Categories of Vulnerabilites

In accordance with the information identifying the dangerous goods hazards (section 4.3.1)
the Vulnerabilities considered by the model are categorised as following:

» Human vulnerabilities,

» Asset vulnerabilities,

» Operational vulnerabilities,

» Environmental vulnerabilities.

To facilitate the mapping of applicable vulnerabilities in accordance with this section it is

necessary to have an idea of the distance over which the effects of DG scenarios may affect
vulnerabilities.

For details on mapping refer to section 2.4.4.

The indicative distance of effects may be obtained from the reference material for the pre-
calculated reference DG scenarios made available here.

4.4.2. Default - Vulnerabilities parameters

The description of vulnerabilities shall be described by the user of the risk estimation model
for each segment of the described case study falling within the relevant distance of effects.

Default values allocated to predefined vulnerabilities are established using the ‘default’
settings documents. The values allocated to the various parameters for vulnerabilities are
based on average statistics for the EU region.

The predefined parameters are summarised in the following tables.

Table 8: Human vulnerabilities

Predefined parameters Description Units Potential sheltering
effect

People living in the vicinity  Density of population
of transport facilities potentially present in (Number / km?)
(Residents) hazardous areas and locations

% of people inside
buildings
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People using nearby public  people potentially present

infrastructure in hazardous areas and (Number / km?) % of people inside
(Workers, Commuters, locations, in addition to buildings or vehicles
Tourists...) residents.

(Number / km)

In addition,

Number and location of (People queuing in the

P 0, i i
Users of transport facilities  users potentially present in vicinity of hazardous areas é’ (?I;people msrl:iel
hazardous areas are estimated from the Uriehngs @ WendEs

description of traffic and
infrastructure provided by
the user of the model)

Number and location of
workforce potentially present  (Number / km)
in hazardous areas

% of people inside
buildings

Staff members operating
transport facilities

People potentially affected by (Number) and (Location:
hazardous areas, in addition distance from the
to residents or workers infrastructure centreline)

People in specific locations
(e.g. public infrastructure)

% of people inside
buildings

‘Default’ settings of Human vulnerabilities will be recorded in the document ‘Default -

52

Human vulnerabilities parameters’

Table 9: Asset vulnerabilities

Predefined parameters

Description

Unit

Infrastructure

Damage estimated from the
description of the infrastructure
defined by the user

Distance damaged (km),
Value / km (million euro)

Infrastructure equipment

Damage estimated from the
description of the infrastructure
defined by the user

Distance damaged (km),
Value / km (million euro)

Vehicles using the infrastructure

Damage estimated from the traffic and
operational volumes described by the

user

Number of damaged vehicles,
Value / vehicle (million euro)

Specialised vehicles operating
transport facilities

Damage estimated from the traffic and

operational volumes defined by the
user

Number of damaged vehicles,
Value / vehicle (million euro)

Built environment

The default settings predefine three
categories of built environment:

- URBAN,
« SUBURBAN,
- COUNTRYSIDE

Number of buildings per km?
Value/km? (million euro)

Specific buildings/public
facilities

Number, location and specific value
defined by the user

Number of specific buildings/
facilities.

Value / specific building (million
euro)

Location

‘Default’ settings of Asset vulnerabilities will be recorded in the document ‘Default — Assets

parameters’
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Table 10: Operational vulnerabilities

Predefined parameters Description Unit

Duration of disruption
(hours)

Volume of service

(estimated by the model using the information interrupted (for example

Traffic disruption on traffic and operational volumes defined by the ;
passenger.hours or train.
user)
hours)
Value of the service per hour
(euro)

Duration of disruption
(hours)
(estimated by the model using the information
Disruption of public services  on surrounding environment and public facilities
defined by the user)

Volume of service
interrupted

Value of the service per hour
(euro)

Duration of intervention

(estimated by the model using the information (hours)

on surrounding environment and public facilities ~ Volume of intervention

defined by the user) Value of the intervention per
hour and per staff involved

Interventions by emergency
services

Loss of payload estimated from the number of

transport units impacted by hazardous areas Value/unit (euro)

Loss of payload

‘Default’ settings for Operational vulnerabilities will be recorded in the document ‘Default -
Operational parameters’
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Table 11: Environmental vulnerabilities

Categories of natural
environmental vulnerabilities

Description

Unit

Specific natural environment

Type and location of sensitive
environment (if possible referencing
applicable protection laws)

Types of pollution/ impacts to be
prevented

Types of pollution/ impacts potentially
resulting from the list of hazards in
section 4.3.1

Extent of environment
surrounding the transport
infrastructure (km?)

Value/km? for decontamination/
recovery (million euro)

Other natural environment

List of types and location of pollution/
impacts to be prevented

List of types of pollution/ impacts
potentially resulting from the list of
hazards in section 4.3.1

Extent of environment surrounding
the transport infrastructure (km?)

Value/km? for decontamination/
recovery (million euro)

‘Default’ settings for Environmental vulnerabilities will be recorded in the document
‘Default - Environmental parameters’

4.4.2.1. Use case - Vulnerabilities Description

In accordance with the definition of the vulnerabilities considered by the risk estimation
model users will define their‘Use case’vulnerabilities with the templates made available here.

» ‘Use case — Human vulnerabilities description)

Figure 14: Provisional template for vulnerabilities description.

(This is a screenshot only: see https://www.era.europa.eu/activities/transport-dangerous-goods/inland-tdg _en for the

latest version of the accompanying reference materials.)

Description of human vulnerabilities

Total length

o
e (@° ¢
! e o ’
o & oe® o (¢
e A .
S o S
(Please fillin also 1D+ table)
(p/km) (%) (Nb) (%)

o km
Direction 1 - right hand side
a8
« e
e@c‘p vﬁi“g@s &
q $\l\\°® o o RO
SN S o RO o
o o B N B \.)\\A\f\QS R IPE N =
I L A RO RO R O s
Ca o A C ® RallRNs e <o o
0 0 0
0 0 (km) (Nb) (Nb) (p/km2) (%) (p/km2) (%) (Nb) (Nb) (p/km) (%)
1 0 0 0 [ o o
2 o 0 0 o o o
3 o 0 0 o o o
4 0 0 0 [ o o
5 0 0 0 o o o
6 0 0 0 o o o
7 0 0 0 o o o
8 0 0 0 o o o
9 0 0 0 0 o o
10 o 0 0 o o o

» ‘Use case — Asset vulnerabilities description;

» ‘Use case — Operational vulnerabilities description,

» ‘Use case — Environmental vulnerabilities description’.

Asset, Operational and Environmental description templates and default reference values will

be developed further by the EUDG in accordance with the framework improvement process.
Templates will be regularly updated and supplemented, and made available at the following
address: https://www.era.europa.eu/activities/transport-dangerous-goods/inland-tdg en
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4, Harmonised description of a risk situation

When describing the vulnerabilities that are applicable for a given use case the user of the risk
estimation model should use ‘default’ settings where applicable, and modify the values of the
parameters, where necessary, to best reflect the use case.

Some parameters for the Operational and Asset vulnerabilities are derived automatically
from the data submitted by the user for the Use Case - Infrastructure, and to define traffic
and operational volumes.

For example:

» Human and Built environment vulnerabilities take account of the type of infrastructure
segment defined by the user (Urban, Suburban, Countryside...),

» Operational disruptions are derived from the information on traffic and operational
volumes,

» Transport system vulnerabilities are derived from the information on trafficand operational
volumes and from the type of infrastructure segment,

This is why the vulnerabilities described by the user only require information to supplement
that already included in the Use Case - Infrastructure and operational description. When
describing vulnerabilities the user may also define sheltering measures that protect
vulnerabilities from hazardous effects. However the default setting for the risk estimation
model does not include sheltering effects.

Finally, the user may describe the location of vulnerabilities more precisely by using the
1D+ detailed description. This option allows the user to describe the location of the relevant
vulnerabilities using the distance from the centre line of the transport infrastructure.
This option gives more accurate risk estimation than the full 1D default method, but the
description requires far more effort.

With this option the user may define various types of local vulnerability that the default
model does not take into account, such as:
» Power supply installations
» Potable water supply installations,
» Diverse types of public amenity:
o Hospitals,
o Entertainment venues,

o Public gardens...
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» Diverse types of local infrastructure of vital economic importance, for example:

o Tunnels,

o Bridges,

o Stations...
4.4.3. List of Vulnerabilities not considered by the model
After the user has described the vulnerabilities that make up the use case in accordance with
the previous sections it is recommended that the user compiles a list of the vulnerabilities
which are not considered by the model, using the table below.
This list will allow the user to inform the decision-makers in a transparent way of the relevance

of the harmonised risk estimation model, and will allow future versions of the model to
consider new types of vulnerability which may not be modelled in the current version.

Table 12: List of vulnerabilities to be considered in addition to those defined in the model

List of vulnerabilities Qualitative description Quantitative Comments
considered in addition to the description
harmonised model (if applicable)

Name of additional vulnerability 1

Name of additional vulnerability 2

4.4.4. Minimum requirements

The user of the guide shall:
» report the maximum distance of effect which was used for mapping vulnerabilities,
» describe the vulnerabilities using the applicable harmonised use case description template,

» establish the list of vulnerabilities that are not considered by the harmonised model but
that have been identified by the risk analyst as relevant for the case study.
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5. Multimodal case studies

The description of use case allows the use of road, railway and inland waterway mode
segments. It allows the comparison of risks between various transport plans, if necessary.

In the case of a multimodal case study - for example, the assessment of risk transfer effects
between two modes of transport — any vulnerabilities that are applicable to at least one mode
should be taken into account, in order to allow meaningful comparison of the risk estimates.

Any implications of modal shift should be clearly identified, starting with the definition of the
study mandate. Particular attention should be paid to the definition of the scope of the case
study.
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6. Formatting risk estimation results

The following sections describe how to format the risks estimated by the model for any
modelled risk situation.

6.1. Raw results

For every cell of a calculation grid, and for the different applicable categories of vulnerability,
the risks are estimated in terms of the frequency with which the vulnerabilities in the cell are
impacted (f) and the corresponding severity of impact (s).

6.2. Individual risk

For the human vulnerability category, raw results can be expressed in terms of individual risk
(IR).

In this risk management framework individual risk corresponds to the estimate of the annual
likelihood that a person present at one given location in the vicinity of the infrastructure
being studied is killed as the result of a transport event, including DG scenarios.

This risk estimation category is also commonly used for land use planning activities.

The definition of individual risk may be generalised to apply to other types of vulnerability,
for example the likelihood that buildings or other types of vulnerability are impacted at
a predefined level of severity (severity quantum).

6.3. Frequency/Severity curves (F/S)

Frequency/Severity curves are a generalised formulation of well-known F/N curves generally
used for human societal risks. When applied to human vulnerabilities, F represents the
frequency at which N fatalities result from one given hazard.

In this framework, F is the cumulative frequency per year that at least N people are killed due
to the occurrence of a transport event, including DG scenarios.

For each situation studied by the risk analyst, the risk estimation results can be formatted in
terms of ‘generalised’ F/S curves considering different types of vulnerability:

» Human, (F/N curve)
» Assets,
» Operational,

» Environmental.
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The comparison of different risk situations/transport routes (evaluating the reference
situation, target situation and the options to achieve the target) will allow the user to identify
the regions of an F/S curve where the differences between one situation and another affect
the risk profile of the situations being studied. Examples are given in section 6.4.3.

6.4. Evaluating the effectiveness of risk control measures

The effectiveness of risk-control measures for a given risk situation can be assessed in several
ways, using individual risk indicators or F/S curves.

6.4.1. With Individual Risk indicators
Indicators of risk level are derived by estimating the individual risks in each grid cell.

It is assumed that the individual risk is constant in a given grid cell, provided that all the
parameters influencing the individual risks are constant over the area of the cell.

An average individual risk may be estimated at any given distance from the infrastructure
centreline within a segment that has been described by the user. In the same way average
individual risks can be estimated for a given transport route.

The lower the value of the indicator when assessing the effect of risk-control measures then
the lower will be the level of individual risk.

6.4.2. With Risk level indicators

Risk level indicators can be estimated as a localised cumulative risk for every grid of a cell. The
risk indicator ﬁffﬁl gives a measure of the risk within a cell to the vulnerability Vi that is posed
by the scenario Scj. It is estimated using the following formula:

cell __
Tyisci = (F X 8)viscjceu

with {loc} being a sample of grid cells, the sum of the risks over these cells is given by:

{loc} _ {loc}
Ryisci = 2{toc} Tyiscj

These risk level indicators (Rlevel) can be aggregated in several ways depending on the way
the sample has been defined, as follows:

P overasegment,
» overaroute.

When applied to human vulnerabilities it provides an indication of the safety risk to people
for the location being considered.

The lower the value of the indicator when assessing the effect of risk-control measures then
the lower will be the level of individual risk.
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6.4.3. With Frequency-Severity curves

As discussed in the previous sections, F/S curves give a representation of the likelihood of ‘a
given level of impact'resulting from a given event.

F/S curves can be aggregated for a given zone of a route, for an entire route, or for the whole
risk situation being studied. The aggregation can be performed for one type of event (such as
one DG scenario) or for a given set of scenarios.

Comparing two F/S curves can give interesting information about the effects of a given risk
control measure. Some examples are given below.

Figure 15: Example 1 - Effect of a pure prevention measure that divides the frequency of occurrence of

given impacts by 10 (logarithmic scale)

Prevention effect (F__ =F _/10)

target ref
1,00E+00
1,00E-02
1,00E-04
1,00E-06
1,00E-08 Prevention
1,00E-10
1,00E-12
1,00E-14

F(1/Y)

Reference

o

200 400 600 800 1000

Figure 16: Example 2 - Effect of a pure mitigation measure that divides the magnitude of given

impacts by 2 (linear scale) without changing the frequency of occurrence

Mitigation effect (S =S . /2)

target ref
1,00E+00
1,00E-02
1,00E-04
1,00E-06
1,00E-08 Mitigation
1,00E-10
1,00E-12
1,00E-14

F(1/Y)

Reference

200 400 600 800 1000

o
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Figure 17: Example 3 - Effect of a measure that combines the two effects described above (green

curve)

Combined effect (Prevention + Mitigation)

Reference

1,00E+00
1,00E-02
1,00E-04
1,00E-06 Mitigation
1,00E-08
1,00E-10
1,00E-12
1,00E-14
0 200 400 600 800 1000

Prevention

F(1/Y)

The above examples illustrate that it is not easy to compare the reduction of risks obtained
with different measures. This is why it is helpful to use indicators to assess the effect of the
measures applied, as shown below.

6.4.4. Variations in societal risk

The variation in societal risk between two given situations can be evaluated by considering
the Expected Value (EV). This is estimated by integrating the F/S curve over the applicable
range of F.

Visually, the Expected Value corresponds to the area below the F/S curve and is estimated
with the following formula:

fmax
EV:f S(Hdf

fmin

When an EV is calculated for comparison with risk situations, the following formula is used to
calculate the variation in risk values as a percentage:

EVtarget - EVreference
EV,

x100%

R (EV)variation =

eference

The application of this approach to the previous examples is given in the following table.

Reference situation Prevention Mitigation situation Combined
situation (Example 2) measures situation
(Example 1) (Example 3)
EV 136.36 13.64 68.18 6.82
R(EV) 0.00% -90.00% -50.00% -95.00%

variation

This table shows also how difficult it is to assess the risk variations visually, which may lead to
inaccurate interpretation. In this example, a visual comparison may lead the user to think that
the risk reduction with measure 2 is bigger than with measure 1 when in fact it is the reverse.
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6.4.5. Safety-economy test

Refer to the description of this indicator in section 4.3 of the Guide for decision-making.

6.5. Decision-Making Indicators (DMI)

Refer to the description of decision-making indicators in section 4 of the Guide for decision-
making.
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Part B:
Details on harmonised risk
estimations for expert users

Important note:

This part of the guide is written for ‘expert users’ who want to understand in detail how
the proposed harmonised risk estimation model is used to perform estimate risk. It
allows expert users to define correction factors that deviate from the default setting of
the model.

This part also allows expert users to evaluate the potential limitations of the proposed
approach and to report any limitations they identify to the Expert Users and Development
Group that has been established for the continuous improvement of the framework (see
section 6 of the Framework guide).






7. Risk estimation steps

7. Risk estimation steps

As briefly described in section 2.2.2, the following diagram shows the sequence of the main
risk estimation steps considered by the risk estimation model.
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7. Risk estimation steps

This section of the guide takes the user through the steps for using the description of
a risk situation (defined by the user in accordance with part A of the guide) to calculate risk
estimates. The main steps are:

1) Estimation of the reference frequency of transport events (F1). This is derived from the
infrastructure and operation description made by the user. It includes:

1a) ‘default’ frequencies, where possible, and
1b) user-defined correction factors, if applicable (see details in section 7.1).

2) Estimation of the frequency (FO0) of DG events (with or without release of DG substance
into, or impact on, the environment). This step uses a sub-process (operational model)
to estimate the probability of involvement of a DG transport unit in transport events.
This estimate uses the user description of the traffic composition (DG freight, non-DG
freight and passenger), volume and structure, as well as the three predefined sizes of
cargo (see details in section 7.2).

3) Estimation of the frequency of releases. This is derived from the harmonised default
setting of the model. As there is a limited amount of information on this topic the TDG
roadmap experts agreed to propose a value of the predefined parameters in order to
permit a degree of comparability of the harmonised risk estimation results (see details
in section 7.3).

4) Selection of reference DG scenarios. The model suggests relevant reference DG
scenarios on the basis of the description of the DG traffic volume and structure made
by the user. This uses an harmonised Table of allocation of DG reference scenarios (see
annex lll). At this stage the user may select other DG reference scenarios that better
align the selection proposed by the model with the detailed characteristics of the
substances being carried and with the risk management objectives of the case study.
The user may also deselect some scenarios, where this is justified (see details in section
7.4).

5) Estimation of frequency of reference DG scenarios. The model estimates the frequency
of the selected reference DG scenarios. At this stage the frequency of all types of DG
event (with or without release) is considered (see details in section 7.5).

6) Estimation of impact. The severity of potential damage (impact) from all applicable
DG events involving (reference DG Scenarios) or not involving a release in the
environment (other DG events) is estimated, including the impact of the selected
reference DG scenarios (see details in section 7.6),

7) Calculation of risk indicators. As a final step, risk indicators are calculated using the
combination of frequencies and potential impacts (see details in section 7.7), and
formatted in accordance with section 6.

This part B describes in detail these steps in sections 7.1 to 7.7, and includes more complex
sub-processes whose description is supplemented with further details in annexes.
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Important notes:

It is expected that the development of a web application to assist the user in
implementing this guide for user-specific risk situations should start during the second
phase of the TDG Roadmap, if resources are allocated.

The specification of a risk estimation IT application to assist users in implementing

this guide was initiated in 2018 by ERA, assisted by the Expert Users and Development
Group.

Relevant link

7.1. Step 1 -Frequency of transport events (F1)

In this step the user will estimate the frequency of transport events (F1) with the help of F1
reference tables.

The available reference tables can be obtained at the following address: https://www.era.
europa.eu/activities/transport-dangerous-goods/inland-tdg _en. It will be regularly updated
in accordance with the improvement process described in section 6 of the framework guide.

The name of each F1 reference tables is coded as follows: [geographical scope of the setting]_
F1_[model].

For example EU_F1_RL gives F1 reference values applicable to the EU region as a whole [EU]
for railway transport events [RL].

In each F1 reference table the application scope of individual spreadsheets is coded in
the name of the spreadsheet, as follows: F1_[mode]_[infrastructure category]_[operation
categoryl].

Using this system permits any user to:

» propose a new reference table for the scope of the application;

» use proposed default values that are relevant for the risk situation being studied; or

» apply any necessary corrections to the proposed values, with justification for the changes.
When the list of available F1 reference tables has increased the user will readily be able to find

default values relevant for each case and for each category of infrastructure and operations
defined in section 4.1.

7.1.1. Definition of F1

F1is the frequency of occurrence of the transport events which are considered to be the direct
causes of dangerous goods events (see DCs list in F1 tables). Transport event definitions also
include, for example, fires and spontaneous DG scenarios that are counted as one category
of transport event.
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7. Risk estimation steps

F1 is established for the whole freight transport operation in a given category, including DG
freight. It is used as the base frequency for deriving the frequency of occurrence of DG events
(FO).

Because F1 is established by using a bigger sample of occurrences (whole freight volume)
than DG scenario occurrences alone, it achieves a better estimation of FO frequencies. This
uses an assumption of ergodicity, namely that the behaviour of DG transport operations
is statistically similar to non-DG transport operations. This approach is justified because, in
practice, transport systems are not exclusively designed for the transport of dangerous goods
but for all types of service (passenger and freight) sharing the same transport system.

In this way the user of the harmonised risk estimation method may correct the proposed F1
values provided the corrections are justified and the sample of occurrences used is relevant
for the risk situation being considered.

Based on the above definition and assumptions, F1 tables provide information on the list of
safety occurrences being considered. They propose default F1 values for various categories
of infrastructure and operations.

In the course of the development of the framework a harmonised and multimodal naming
system was developed for occurrences (see the list of direct causes (DCs) considered in F1
tables) to facilitate the future development of reference F1 tables by any user.

The nomenclature for the reference safety occurrences recorded in F1_... tables has taken
into account existing taxonomies for each Inland surface transport mode: railway? road?® and
inland waterway* and for each type of operation considered by the risk estimation model.

7.1.2. Default allocation of F1

F1 tables are composed with the following spreadsheets:

» One’F1 summary table’compiling F1 settings proposed for each category of infrastructure
and operations, and

» One’F1’spreadsheet for each category of infrastructure and operations.

Four (4) normalisers are used by the model as follows:

» years (F1_Y),
F1_Y = Number of reference safety occurrences per year,

» tons (F1_T),
F1_T = Number of reference safety occurrences per ton carried,

2 For Railways the taxonomy of reference safety occurrences is derived from that used in annex | of Directive (EU)
2004/49, adapted where necessary to suit the multimodal scope of application of this guide.

3 For Roads the taxonomy of reference safety occurrences is derived from that used in CADAS, adapted where
necessary to suit the multimodal scope of application of this guide.

4 For Inland waterways the taxonomy of reference safety occurrences is derived from the naming systems used in
CH and NL, reviewed to give a more generic formulation and adapted where necessary to suit the multimodal
scope of application of this guide.
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» ton.kilometre (F1_TK),
F1_TK = Number of reference safety occurrences per ton.kilometre carried,

» transport units (F1_TU),
F1_TU = Number of reference safety occurrences per transport unit operated.
The F1 tables are composed as follows:

» The black area contains the (raw) information used to establish the safety occurrences to
be considered (corresponding to the transport events) for the scope of interest in question.

» Thebluearea harmonises the number of occurrences from the harmonised list of transport
events considered by the risk estimation model,

» The green area allows correction of the reference setting, provided it is properly justified
by the user,

» The yellow area reflects the user-corrected setting.

Figure 19: Overview of the F1 reference table EU_F1_RL.

(This is a screenshot only: see https://www.era.europa.eu/activities/transport-dangerous-goods/inland-tdg_en for the
latest version of the accompanying reference materials.)

Samrar =F infmrmatine b .
= e

4 » ..| DCRDALL | DCRD_OLN | DC_RD_PRK | DC_RD_HLT | DC_RD_FLU | F1_RL_NET_ALL
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The resulting F1 values are indicated for the different normalisers (Y: year, T: ton, TK: ton.
kilometre, TU: transport unit), as shown in the screenshot below.

Figure 20: Example of F1 values for various normalizers

(This is a screenshot only: see https://www.era.europa.eu/activities/transport-dangerous-goods/inland-tdg en for the
latest version of the accompanying reference materials.)

F1 by default values

F1LT AL _MET_ALL F1TK_RL_MET_ALL FILTU RL_MET_ALL
2.A8E-07 9.87E-10 6.97E-06
[Mbdyear) [MEdtan) [MEdtan. k) [MEftranspart Lnit)

[Reference freight service
[Reference freight service  tonkm extracted from [estimated fram the
tonnage from Eurostat data: Eurostat data: operation model, see annex
rail_go_twpeall) [W_T_REF] rail_go_tupeall) to guide B) [M_TU REF]
1647544000 4.13722E+1 58626000

CF_FLTK CF_FLTU

F1 user-corrected values

F1 108.3 | 2.48E-07 | 9.87E-10 | 6.97E-06 |
[MEduear] [MEton) [MEfton.km) [MEftransport unit)

[Murnber of operated
[Reference freight service  [Reference freight service  transport unit as corrected

User correction Factors: torrage from the user: ton.krn From the Liger) b the Lizer:
CF_DC_USR [M_T_REF_LSH] [M_TE_REF_USH] [M_TU_REF_USH]
1 | 1647544000 A13722E+1 BBE2E000
[0_.inFinitw]

LL | F1.RL_NET_ALL | F1_RL HLT_ALL F1_RL_FLU_ALL F1_RL_USR_ALL F1_RD_NET_A

The blue section contains F1 reference values and the yellow section contains the user-
corrected F1 values. In the above example no correction was applied by the user (CF_x values
setto 1).

7.1.3. Available reference setting of F1

The default setting of F1 uses information on the safety occurrence obtained from the
reporting systems that are available, which provide data relating to a given category of
infrastructure and transport operation and to a given geographical scope.

Required information and formulas for setting an F1 table

The calibration uses the following information:
» Type of infrastructure considered and the scope of operation.

o Recorded in column G of the ‘F1_... table, in accordance with the definition in section
4.1,
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» Description of the source of information used for calibration:

o Names of the safety occurrences named in the information source and recorded in
column B of theF1_...table,

o Number of occurrences collected in the information source (NB_COL_OCC), recorded in
column C of the‘F1_.. . table,

o The corresponding number of years over which the occurrence was collected (N_Y_
REF),

» List and number of relevant ‘direct causes’ considered by the model [DCj]:
o Harmonised names of the ‘direct causes’ recorded in column H and | of the‘F1_... table,

o Number of occurrences considered as ‘direct causes’ of DG events by the model (N_
ROCCQ), recorded in column K of the'F1_... table,

o Corresponding reference volumes of operations (Recorded in columns L, M, and N of
the’F1_../tablein cells N_T_REF, N_TK_REF and N_TU_REF.

o Arelevance factor to set the proportion of collected occurrences that correspond to the
definition of ‘direct causes’in the risk estimation model (RELEVANCE_FACTOR).

The relevance factor is derived from:
» the Infrastructure type relevance factor RELEVANCE_INFRA: This factor
is set to 100% when the type of infrastructure on which the safety

occurrences have been collected corresponds fully with the infrastructure
type considered by the given F1 table, as defined in section 4.1, and

» the Operations type relevance factor RELEVANCE_OPE: This factor is set to
100% when the type of operation for which the safety occurrences have
been collected corresponds fully with the operation type considered by
the given F1 table, as defined in section 4.1.

RELEVANCE_FACTOR = RELEVANCE_INFRA X RELEVANCE_OPE

The F1 setting applies the following formulas:

» N_ROCC(DCj) = NB_COL_OCC(j) / N_Y_REF * RELEVANCE_FACTOR
» F1__Y_REF =sum over j (N_ROCC(DGj)),

» F1__T REF=F1__Y_REF/N_T_REF,

» F1__TK REF=F1__Y_REF/N_TK_REF,

» F1__TU_REF=F1__Y_REF/N_TU_REF.

7.1.4. Setting of F1 when no default setting is available

In this case that no default setting is available the user F1 table shall be established in
accordance with the method described in the previous section and incorporating the user’s
own occurrences sample, taking care that the resulting F1 values are representative and
robust. Good statistical practices shall be applied.
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Information required for the user setting:
» Types of infrastructure considered and scope of operations

o Recorded in column G of the‘F1_../ table, in accordance with the definitions of the type
of infrastructure and type of operations in section 4.1,

» Description of the sources of information used by the user of the guide for establishing the
user calibration of F1:

o Names of the safety occurrences as named in the user source of information to be
recorded by the user in column B of the ‘F1_... table, for the corresponding predefined
harmonised direct causes (DCj),

o The number of years of collection (N_Y_REF_USR), corresponding to the number of
occurrences collected (NB_COL_OCC_USR),

1

o Corresponding reference volumes of operations (Recorded in columns L, M, Nof‘F1_...'s
tables in cells N_T_REF_USR, N_TK_REF_USR and N_TU_REF_USR),

» The number of safety occurrences entered by the user that are considered,

o Number of collected occurrences with the user-defined source of information (NB_
COL_OCC_USR), to be recorded by the user in column C of ‘F1_...'s tables,

o Arelevance factor that makes it possible to set the proportion of collected occurrences
that correspond to the definition of ‘direct causes’ in the risk estimation model.
(RELEVANCE _FACTOR_USR).

Applicable formulas:

The same generic formulas as in the previous section apply for the estimation of F1.

7.1.5. User correction factors for changing default setting of F1

The use of correction factors allows the user to (re)calibrate the default setting with a user calibration.

Once the user calibration is fully defined in accordance with the method described in the

previous section the user can readily determine the following correction factors:

» Correction factor for the yearly number of harmonised occurrences,

» Correction factor for the reference tonnage used to establish F1_T,

» Correction factor for the reference ton.kilometres used to establish F1_TK,

» Correction factor for the reference number of transport units operated to perform the
reference operations F1_TU.

With the following formulas:

» CF_N_OCC_USR=N_OCC_USR/N_OCC_Reference scope,

» CF_F1_T_DCi=N_T_REF_USR/N_T_REF_Reference scope,

» CF_F1_TK_DCi=N_TK_REF_USR/N_TK_REF_Reference scope,

» CF_F1_TU_DCi=N_TU_REF_USR/N_TU_REF_Reference scope.
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Then the applicable correction factors calculated by the user can be introduced in the
corresponding cells of the concerned F1 reference table. These corrections will be taken into
account in the estimation of user-corrected F1 recorded in the ‘F1 summary table’

Below is an example of user correction (orange cells) of yearly occurrence numbers
representing:

» doubled collisions (DC1),

» tripled derailments (DC11), and

» halved ‘other’occurrences (DC21).

Figure 21: Example of use of direct cause correction factors in F1 tables

(This is a screenshot only: see https://www.era.europa.eu/activities/transport-dangerous-goods/inland-tdg en for the
latest version of the accompanying reference materials.)

Urer correction Fackorr <onridered ontherailuay netuork

CF_DCi_USF; rafery ar arrested by the
[0..inFinity]; [nak nocurrence: wrer [H_ROGC_USF
zorrezked - 1) [OCi USR] [Freightl]
z Do Az
1 Dz [
1 D3 [
1 D4 W05
1 DS [
1 DIE 232
1 Do [
1 D [
1 D4 [
1 D0 [
kS DG 618
1 Dz o
1 Doz [
1 D [
1 DS [
1 DG [
1 DT 50
1 D% o
1 D4 [
1 Dzl [
0.5 D21 £
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The resulting corrected F1 (visible in orange cell) is compared to the default F1 setting in the
blue cells of the next figure.

Figure 22: Example of effect of correction factors on F1 values

(This is a screenshot only: see https://www.era.europa.eu/activities/transport-dangerous-goods/inland-tdg en for the
latest version of the accompanying reference materials.)

F1 by default values
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Independently, the reference volume of operations (tonnage, ton.kilometres, transport units
operated) may also be corrected by the user.

Below is another example of corrections using user-defined reference operational volumes. In
this example the reference yearly tonnage has been doubled while the number of occurrences
is unchanged. In this example, reference ton.kilometres have tripled and reference transport
units operated have increased by 50%.

Figure 23: Example of effect of traffic volume correction factors on F1 values

(This is a screenshot only: see https://www.era.europa.eu/activities/transport-dangerous-goods/inland-tdg en for the
latest version of the accompanying reference materials.)
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Orange cells show the resulting effect on the user-corrected F1 values compared to the
default values recorded in the blue area.

Important note: In any case a correction factor requires justification by the user in
accordance with the method for setting F1 as described in section 7.1.4 and 7.1.5.

7.1.6. Use of F1 reference values for a given segment of a use case
For each segment described by the user the applicable reference value of F1 for a given

category of segment is extracted from the spreadsheet ‘F1 summary table’ of the user-
selected applicable reference F1 table.

Figure 24: Overview of summary spreadsheets for F1 values

(This is a screenshot only: see https://www.era.europa.eu/activities/transport-dangerous-goods/inland-tdg en for the
latest version of the accompanying reference materials.)

By default settings of F1 per type of MODE_INFRA_OPE] segment Applicableto EUregion setting
(by default-breakdown of

reported occurences per

type of infrastructure) ;
[0..100%] ; (check sum per

mode ok if = 100%)

&

[MODE_INFRA_OPE] segments ®

(by default - correction factor

F1_TU pertype of operation) ;
Infrastructure FILTK (N_OCC/operated  [0.infinity] ; (not corrected =
Mode category Operation category (Occurrence areas names) (N_OCC/y) (F1 names) F1_T(N_OCC/ton) _(N_OCCronkm) transportunit) 0
ROAD ROADS SA PERFOR ROADS SA PERFOR
RD NET ALL 0CC_RD A DIV/0 RD A DIV/0 DIV/0 DIV/O 0%
RD ORD ALL OCC_RD_NEL_ALL #DIV/0! F1_RD_OLN_ALL #DIV/0! #DIV/0! #DIV/0! 0.
RD ORD URBAN OCC_RD_OLN_URBAN F1_RD_URBAN #DIV/O! #DIV/0! #DIV/O!
RD ORD SUB-URBAN OCC_RD_OLN_SUBURBAN F1_RD_SUB-URBAN #DIV/0! #DIV/0! #DIV/0!
RD ORD COUNTRY SIDE2 F1_RD_COUNTRY2 #DIV/O! #DIV/0! #DIV/0!
RD ORD HIGHWAY F1_RD_HIGHWAY #DIV/O! #DIV/O! #DIV/O1
RD PRK ALL o DIV/0 A DIV/O DIV/0 DIVIO
RD HLT ALL o A #DIV/O RD A DIV/O DIV/O DIV/O
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RAILWA 0 ORMA
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RL OLN SUB-URBAN OCC_RL_OLN_SUBURBAN F1_RL_OLN_SUBURBAN 161E07 642E-10 453E06
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RL SDST EXIT OCC_RL_SDST_WITHIN F1_RL_SDST_WITHIN 867E08 345E-10 244E06 1.00
RL SDST WITHIN OCC_RL_SDST_EXIT F1_RL_SDST_EXIT 867E-08 345610 244E-06 1.00
RL MYs ALL ocC R A a R A DIV/0 DIV/0 DIV/0 100%
RL mYs RECEPTION OCC_RL_MYS_RECEPTION F1_RL_MYS_RECEPTION #DIV/0! #DIV/0! #DIV/0! 00
RL MYs UNCOUPLING F1_RL_MYS_UNCOUPLING #DIV/0! #DIV/0! #DIV/0! 02
RL MYs SHUNTING F1_RL_MY5_SHUNTING #DIV/O! #DIV/0! #DIV/0! 07
RL MYs DEPARTURE F1_RL_MYS_DEPARTURE #DIV/0! #DIV/O! #DIV/O! 00
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ww oww CEMT-V OCC_WW_OWW_CEMT4. F1_IWW_OWW_CEMT4 #DIV/O! #DIV/0! #DIV/0!
ww oww CEMT-V-a F1_WW_OWW_CEMTSa #DIV/0! #DIV/0! #DIV/0!
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ww oww CEMT-VI-a F1_WW_OWW_CEMT6a #DIV/0! #DIV/0! #DIV/0!
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ww oww CEMT-VI-c OCC_WW_OWW_CEMT6c F1_WW_OWW_CEMT6¢ #DIV/0! #DIV/0! #DIV/0! <
ww oww CEMTVII OCC_WW_OWW_CEMT7 F1_IWW_OWW_CEMT7 #DIV/0! #DIV/0! #DIV/0! [
ww WIG ALL o A DIV/0 A DIV/0 DIV/0 DIV/0 .00%
ww HRB ALL 0 DIV/O DIV/O DIV/O DIV/O %
ww HLT ALL 0 DIV/O DIV/O DIV/O DIV/0 .00%
ww FLU ALL 0 DIV/0 DIV/O DIV/O DIV/O .00%
WW USR ALL %
ODAL PLATFOR ODAL PLATEFORMS SA PERFORMA
MMP. ALL ALL o PLF_ALL A DIV/0 PLF_ALL A DIV/0 DIV/O DIV/0 0
MmMP RDRL ALL OCC_RDRL_A DIV/0 R A DIV/0 DIV/0 DIV/0 0.
MMP. RDRL. RECEPTION OCC_RDRL_REC F1_RDRL_REC #DIV/O! #DIV/O! #DIV/O!
MMP. RDRL TRANSBOARDING OCC_RDRL_HLT. F1_RDRL_HLT #DIV/0! #DIV/0! #DIV/0!
MMP. RDRL FORMATION OCC_RDRL_FORM F1_RDRL_FORM #DIV/0! #DIV/0! #DIV/0!
MMP. RDRL. DEPARTURE OCC_RDRL_PREDEP F1_RDRL_PREDEP #DIV/O! #DIV/O! #DIV/O! [
MMP. RDIW ALL 0CC_RDIW_A #DIV/O RDIW_A DIV/O DIV/O DIV/O 0.
MMP. RDIW RECEPTION OCC_RDIW_REC F1_RDIW_REC #DIV/0! #DIV/0! #DIV/0! 0
MMP. RDIW TRANSBOARDING OCC_RDML_HLT F1_RDW_HLT #DIV/O! #DIV/O! #DIV/0! 00
MMP. RDIW FORMATION OCC_RDW_FORM F1_RDIW_FORM #DIV/0! #DIV/0! #DIV/0! 00
MMP. RDIW DEPARTURE OCC_RDIW_PREDEP F1_RDIW_PREDEP #DIV/0! #DIV/0! #DIV/0! 00
MmMP RUW ALL OCC_R A DIV/0 R A DIV/0 DIV/0 DIV/0 0.
MMP. RLIW RECEPTION OCC_RLW_REC F1_RLIW_REC #DIV/0! #DIV/O! #DIV/O!
MMP. RUW TRANSBOARDING OCC_RLW_HLT F1_RLW_HLT #DIV/0! #DIV/0! #DIV/0!
MMP. RUW FORMATION OCC_RLW_FORM F1_RLW_FORM #DIV/0! #DIV/0! #DIV/0!
MMP. RLIW DEPARTURE OCC_RLIW_PREDEP F1_RLIW_PREDEP #DIV/O! #DIV/O! #DIV/0!
MMP. RDRLIW ALL 0CC_RDRLIW_A #DIV/O RDRLIW_A DIV/O DIV/O DIV/O 0.
MMP. RDRLIW RECEPTION OCC_RDRLIW_REC F1_RDRLIW_REC #DIV/0! #DIV/0! #DIV/0! 0
MMP. RDRLIW TRANSBOARDING OCC_RDRLW_HLT F1_RDRLW_HLT #DIV/O! #DIV/O! #DIV/0! 00
MMP. RDRLIW. FORMATION OCC_RDRLIW_FORM F1_RDRLIW_FORM #DIV/0! #DIV/0! #DIV/0! 00
MMP. RORLIW. DEPARTURE OCC_RDRLW_PREDEP F1_RDRLIW_PREDEP. #DIV/0! #DIV/0! #DIV/0! 00
MMmP USR ALL 0.00%

Version 1.0/2018. Uncontrolled when printed. Download the latest version of this guide and of the accompanying
reference materials and tools at era.europa.eu. © EU Agency for Railways, 2018


https://www.era.europa.eu/
https://www.era.europa.eu/activities/transport-dangerous-goods/inland-tdg_en

7. Risk estimation steps

The user then applies the value of F1 corresponding to the type of segment in terms of mode
of transport, category of infrastructure and category of operation.

7.2. Step 2-Frequencies of occurrence of Dangerous Goods events (F0)

7.2.1. Definition of FO

Within this framework, dangerous goods events (DG event) are any occurrence in which a DG
vehicle or a DG cargo is involved, with or without release of the dangerous goods substance
being carried.

FO represents the average frequency of dangerous goods events for a given volume of
transport operation.

FO can be normalized against a given number of years, tons, ton.kilometres or transport units
operated corresponding to the volume of the transport operation being considered.

7.2.2. Probability of involving a dangerous goods vehicle/cargo (P1)

In the previous step F1 is determined and represents any type of freight safety occurrence,
whether the events involve a dangerous goods vehicle / cargo or not.

In order to determine FO the model shall determine the probability P1 that a freight safety
occurrence involves a dangerous goods vehicle / cargo, that is to say the probability of a DG
event.

P1 is fully dependent on the structure of cargo shipments that are considered in a given
use case. For example, if DG traffic is not authorised on a given segment of a route then P1
should be set to 0 as no DG cargoes will be present on this segment. On the contrary if a given
infrastructure accepts only DG vehicles carrying DG cargoes then any safety occurrence
within this infrastructure would be a DG event, thus P1 would be 1.

The operational model determines P1 taking into account the traffic structure described by
the user in accordance with part A of the guide.

7.2.3. Default setting for DG traffic compositon in the EU region

By default, the operational model is calibrated with average cargo types and weights used for
performing transport operations in the EU.

The following type of cargo are considered by the operational model:

Mode-specific cargoes
» CRG_CC_A: Large size Tank or Large size Bulk
» CRG_CC_B: Medium size Tank or Medium size Bulk
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P CRG_CC_C: Bundle of cylinders, Single small receptacle, Articles and packages,

Multimodal cargoes (containers) with
» CONT_CC_A: Large size Tank-container
» CONT_CC_B: Medium size Tank-container

» CONT_CC_C: Bundle of cylinders, Single small receptacle, Articles and packages

The average cargo weights are set by default for each class of dangerous goods and for each
type of cargo in the table ‘DG CType tonnage’ of document ‘Default - Traffic parameters' This
parameter is a ‘closed’ parameter for the user as it is considered that the user will not design
the means of transport. Means of transport are defined by international legislation and the
default setting may be updated when necessary to take into account new means of transport
in an updated version of the model.

In contrast, the average breakdown of the usage of the different cargo types per class of DG
is an open parameter which is set by default in the table ‘DG traffic - BKD CType’ of document
‘Default - Traffic parameters’ to represent the average breakdown of DG shipments for EU
traffic.

This parameter is an ‘open’ parameter which shall be set by the user in accordance with the
traffic structure that is to be considered in the use case.

7.2.4. User setting of DG traffic compositon

The parameter for average breakdown of cargo types used for operating the shipments
has a direct and significant influence on the risk estimation results, as most of the time the
potential impacts of DG events depend on the quantity of the hazardous substance involved.
It is therefore essential that the user describes the considered use case correctly.

The user can set the average breakdown of cargo types used for the operations being
considered in table ‘DG traffic - BKD CType’ of document ‘Use case — Traffic description’

However if the user does not do this the average EU region breakdown will apply.

7.2.5. Operational model and calculation of P1

The traffic structure information described by the user is used to estimate P1, taking into
account default settings of the cargo weights (DG CType tonnage).

The operational model is briefly described in annex II.

7.2.6. Estimation of FO

FO can be simply estimated by using the following generic formula, which integrates
a calibration factor Correction_F1_F0 and an extra user-correction factor CF_FO0:
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FO0 =F1XxP1X CORRECTION_F1_F0 X CF_FO

The correction may be necessary to make the default setting of F1 and the default setting
of FO consistent. In practice the safety performance statistics used for setting F1 and FO are
not necessarily consistent as they may come from databases that have been developed
independently for different purposes with different reporting requirements/scopes.

This correction factor is set by default to 1.0 (no correction) however it is envisaged that the
Expert Users and Development Group may need to review this setting.

By default the user correction factor CF_FQ s also set to 1, meaning no user correction applies.

The FO formula is applied for the determination of FO in each segment of a given use case, for
each category of DG cargo considered by the ‘operational model’

7.2.7. User-corrected setting of FO

Important note:

The determination of P1 requires complicated calculations. This is why P1 itself is
a’‘closed’ parameter which cannot be directly corrected by the user.

However, the user can change FO changed globally using the correction factor CF_FO in
order not to take into account proposed P1 estimations (for example, for maximizing P1
by setting it to 1) in the subsequent steps of the risk estimations.

However, it is not recommended to make use of this option unless it is needed to be
able to answer specific questions of a given decision-making mandate.

7.3. Step 3 - Frequencies of occurrence of DG releases (F_DGR)

Fortunately dangerous goods accidents are rare. As a consequence it means that it is difficult
to provide robust statistics on the different sizes of release that have occurred in the past and
which have to be considered in risk estimations. Some of the risk estimations consider DG
scenarios which have never happened in reality but may happen in the future.

The TDG framework establishes a mechanism of regular review and update of the key
statistics and it is foreseen that better assumptions will be available in the future. However,
some existing databases can be used to refine commonly the statistical breakdown of loss of
containment severity.

At the 9" and 10™ workshops, attending TDG experts discussed the difficulties of refining
such a breakdown and concluded that:

» a conventional breakdown should be defined and used for harmonised risk estimations,
allowing mutual recognition,

P at the same time, the regulatory reporting framework should be reviewed in order to
facilitate more accurate setting of the risk estimations in the future,

Version 1.0/2018. Uncontrolled when printed. Download the latest version of this guide and of the accompanying
reference materials and tools at era.europa.eu. © EU Agency for Railways, 2018

79


https://www.era.europa.eu/

80

RISK MANAGEMENT FRAMEWORK FOR INLAND TRANSPORT OF DANGEROUS GOODS
Guide for risk estimation

» itis considered that the estimations that currently exist do not provide better settings for
the conditional probabilities of the different types of release than the ones proposed in
this harmonised framework.

7.3.1. Default - Harmonised categories of DG releases

The following categories of non-release and release will be used:
» No release,

» Small release,

» Limited release,

» Continuous release,

» Full (quasi instantaneous) release.

The detailed definitions are provided in Table 13.

For this parameter it must be noted that only few sources of information are available and
that a follow-up collection of data and analysis should be undertaken to better establish the
values of the probabilities applicable to different types of releases. The difficulty of establishing
these values comes from the fact that only a limited number of events have occurred in the
past compared to the volume of traffic operated, and therefore the samples that are available
to establish the values are limited.

Important note:

Events corresponding to the normal operation of pressure relief valves are not
considered as releases, as they constitute the normal functioning of a safety device.
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Table 13: Definition of the harmonised categories of releases

Release categories

P(RELEASE_SIZE)

Definitions

No release

P(NO_RELEASE)

Any event where NO release in the environment of any
quantity or any flow rate is observed (smells are considered
to fall in the category “small release”)

For risk estimation, only mechanical impacts on relevant
assets are considered, as there is no release of substance.

Important note: this category of release is not applicable

to Class 7 as radiation in the vicinity of a Class 7 DG unit is
always present even where there is no leakage of radioactive
substances/material

Small release

P(SMALL)

Smells from DG substance residues or drip leaks that have
been confirmed after inspection of the cargoes. The flow rate
is extremely low.

For this category of release it is assumed that an intervention
may take place to stop the drip leak with appropriate actions.

For risk estimation, only disruption of service is considered
for this type of release.

No human impact is considered in the harmonised
estimation of risks for this category of release because it
is assumed that corresponding risks are controlled under
workplace health and safety legislation.

Limited release

P(LIMITED)

Any release that does not flow from the main containment
shell and whose volume or flow rate are limited respectively
by the size of the emptied volume (for example between two
safety valves) and/or by the limited size of the equivalent
diameter of the breach, for example a small diameter
connecting pipe.

It is assumed that the flow rate may be reduced by an
intervention of the emergency services after 60 minutes, or is
interrupted before this time due to the emptying of volume
concerned.

For risk estimation of the hazardous area the assumed flow
rate is based on the equivalent diameter size of a small pipe
or equivalent breach, and on the (limited) emptied volume.

Continuous release

P(CONTI)

Any release which would result in emptying the DG
substance from the main containment shell (e.g. tank shell)
with a continuous flow rate.

For this type of release it is assumed that emergency services
will intervene and will try to limit the DG release flow rate
upon arrival at the event scene. If not interrupted the flow
continues until the entire volume of the main containment
shell is released.

For risk estimation it is assumed that the entire containment
is emptied without mitigation by the emergency services.

The flow rate is defined by the equivalent diameter size of the
largest equipment connected to the containment shell or an
equivalent breach size in the main containment shell.

Full release

P(FULL)

Any release with very large breach or total rupture of the
main containment shell which would lead to a quasi-
instantaneous and full release of the DG cargo from its
containment (e.g. total rupture of a tank shell).

For this type of release it is assumed that intervention of
emergency services will not be possible due to the rapid
development of the scenario.

The estimation of the hazardous areas is based on the

assumed instantaneous release of the entire capacity of the
containment.
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At the 9™ and 10t TDG workshop it was discussed and confirmed that only a small number of
participants are likely to produce data from which the breakdown of the different categories
of release may be established, as shown in the detailed analysis in annex I1.5.

Until more systematic and improved reporting of DG events allows more accurate values
for the parameter P(RELEASE_SIZE), users should use the default values from Table 14 when
applying the frequency formula in section 7.5.1.

Table 14: Harmonised setting of the conditional probabilities of releases

PROPOSED HARMONISED RELEASE BREAKDOWN - P(RELEASE_SIZE)
(Please use the latest update of the present table available at www.inland-tdg.europa.eu/framework/
tools/Reference_DG_scenarios)

(Sources of information: See annex I1.5 for the data sources used and the detailed analyses in the relevant
documents cited)

NO RELEASE SMALL LIMITED CONTINUOUS FULL RELEASE
RELEASE RELEASE RELEASE
ROADS (applicable
SRR 30% 30% 33% 6% 1%
segments of a case
study)
RAILWAYS
(applicable by 17% 70% 9% 3.9% 0.1%
default to open lines)
RAILWAYS
(applicable by
default to stations 32% 58% 8.5% 1.5% 0%

and sidings, and
marshalling yards)

In absence of detailed source of information the user of the guide should
WATERWAYS provide a justified breakdown of the approach taken in respect of the risk
situation being considered

Note: For this Note: For this e e

categoryonly  category only Note: For this Note: For this category quasi-
mednaniad) N o category rel_evant category relgvant instantaneous
impacts on impacts on scenarios with scenarios with involvement of
s @) P — limited volume Ia_rger breaches/  the full amount of
operationsare  operations are of DG and small pipes outflows are the DG substance
; : outflows are used  used being carried is
estimated estimated i

7.3.2. User-defined breakdown of DG release categories

In order to allow for continuous improvement of the harmonised setting users should report
relevant statistics for each defined category, which may be used in the future.

Such reports should be submitted using the ‘change request’ process defined in section 6 of

the framework guide.

7.4. Step 4 - Selection of reference DG scenarios (DGSC)

The selection of reference DG scenarios is based on the description of the traffic by the user.
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Two approaches are possible:

» The model selects the applicable reference scenarios from the percentage of DG class(es)
described by the user,

or,

» The user directly selects the applicable reference DG scenarios for the use case from the
description of the UN numbers for the loads.

In both cases the table of allocation of hazards and reference DG scenarios is used.

7.4.1. Allocation of reference DG scenarios from DG classes
For each class of dangerous goods the table of allocation of TDG scenarios provides indications

of the applicable categories of DG scenario, taking into account the legal definition of the DG
classification, as shown in the following extract from the table.

Figure 25: Overview of the allocation table of reference DG scenarios of class 2.1

(This is a screenshot only: see here for the latest version of the accompanying reference materials.)

JrR—— |

(in accordance it the Guide for rsk estimations)

Notapplcable Notsplcable Notappicabe Notappicatle Notappicatle Notappiatle

The orange part of the table is the entry information (DG hazard properties), which allows
the selection of applicable reference scenarios that are recorded in the blue part of the table.

Each row of the table corresponds to a given set of ‘DG hazard properties’ that are defined
in the TDG regulation and which are linked to the reference DG scenarios considered by the
harmonised risk estimation.

Each scenario is referenced by the DG class (CLnumber), two letters (column) and a row
number (row):

Inthe exampleto the left, the scenariois referenced
CL21_AA_1.

Links to reference
UN numbers and
related distances of

impacts It corresponds to a Vapour Cloud Explosion
scenario: the case made up of a release of the

CL21RSC

Conditional
probability of
occurrence

Vapour Cloud Explosion (when
ignited) dangerous goods that have been selected,

followed by ignition.

0.25 Link

Version 1.0/2018. Uncontrolled when printed. Download the latest version of this guide and of the accompanying
reference materials and tools at era.europa.eu. © EU Agency for Railways, 2018

83


https://www.era.europa.eu/
https://www.era.europa.eu/activities/transport-dangerous-goods/inland-tdg_en#meeting3
https://www.era.europa.eu/activities/transport-dangerous-goods/inland-tdg_en#meeting3

84

RISK MANAGEMENT FRAMEWORK FOR INLAND TRANSPORT OF DANGEROUS GOODS
Guide for risk estimation

For a given row, as shown below:

Figure 26: Detail of the allocation table of reference DG scenarios (1)

(This is a screenshot only: see https://www.era.europa.eu/activities/transport-dangerous-goods/inland-tdg_en for the
latest version of the accompanying reference materials.)

DG hazard properties

) Links to reference I Links to reference _ Links to reference
Conditional Conditional Conditional
e bimop | UN numbers and o | UNnumbers and b | UNnumbers and
P v related distances of | " v related distances of | " v

occurrence ‘ occurrence ‘ occurrence ‘
impacts impacts impacts

CL21RSC
(in accordance with definitions applicable to Table
A of Chapter 3.2 RID/ADR/ADN)

related distances of

Vapour Cloud Explosion (when
ignited)

Packing  Classification

Class Division
group code

Gascloud fire (when ignited) Jet fire/Torch fire (when ignited)

0.25 Link 0.25 0.5

The user can immediately see the list of reference scenarios that are applicable to the
dangerous goods being considered, which give the hazard properties and the default
conditional probabilities that are considered by the harmonised model for the conditional
occurrence of each scenario.

By default the harmonised model considers the list of scenarios in the orange-coloured row
marked ‘(by default), taking a conservative approach (maximised risk estimation).

Figure 27: Detail of the allocation table of reference DG scenarios (2)

(This is a screenshot only: see https://www.era.europa.eu/activities/transport-dangerous-goods/inland-tdg en for the
latest version of the accompanying reference materials.)

Packing  Classification Vapour Cloud Explosion (when

ivisi I fi hen igni fire/Torch fi hen igni
Class Division — code ignited) Gascloud fire (when ignited) Jet fire/Torch fire (when ignited)
2 21 n.d. 1F 1 0.25 0.25 0.5
2 21 n.d. 2F ‘ ’ 0.25 Link 0.25 Link 0.5 Link

When the user of the framework holds little or no information it is recommended to proceed
as follows:

» use the list of ‘default’ scenarios (generally the most conservative approach in terms of
risks),

or,

» whenitis possible, allocate the relevant share of traffic to the applicable hazard properties
(rows), and use the corresponding list of reference scenarios,

or, with a less conservative approach,
» use a selection of DG scenarios justified by the risk analyst.

When several scenarios can take place consecutively it is indicated as “possible scenario under
relevant conditions”. An example is the ‘BLEVE' scenarios which may only take place under
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certain conditions (for example after a fire) when planned contingency arrangements or
safety equipment have been ineffective at preventing it.

Important note:

In any case the risk analyst shall justify the use of the list of DG scenarios that has been
selected in the context of the objective of the decision-making case and the assessed
risk situation.

7.4.2. Allocation of reference DG scenarios from UN numbers

When the user has a very comprehensive description of the DG traffic, detailing the percentage
share of the most-carried UN numbers, it is possible to have a more precise selection of the
reference DG scenarios.

In this case it is possible to retrieve the applicable reference scenarios from the allocation
table and from the Table A of chapter 3.2 of RID/ADR/ADN for each UN number.

For each UN number the logical sequence is:

UN number provides the corresponding

» Class, and

» Hazard properties,

which allows the user to identify the corresponding relevant row of reference DG scenarios.

In this case, the scenarios listed in the relevant row are the ones applicable to the share of
traffic that is made up of the UN number being considered.

7.4.3. Reference DG scenarios

The material relating to reference TDG scenarios will be available at the following address of
the dedicated webpage.

The user will find the updated version of the table of allocation TDG scenarios and the list of
pre-calculated reference TDG scenarios.

It must be noted that the pre-calculated hazardous distances for each of the DG scenarios
may also be used as an indication of mapping distances from the location of a transport event.
This should be taken into account when mapping potential vulnerabilities (see section 2.4.4).

More details on the available material for pre-calculated hazardous distances are provided in
section 7.6.3.
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7.5. Step5-Harmonised frequencies of selected reference DG scenarios
(F_DGSCQ)

This section explains how the model estimates frequencies of reference DG scenarios by
default and how these frequencies may be corrected.

7.5.1. Definition of the frequency F_DGSC

The frequency of a reference DG scenario is the frequency of occurrence of a given reference
scenario that is applicable to a given segment of a risk situation which has been described
by the user.

Its value is obtained by combining the frequency of a given initial transport event with all the
applicable conditional probabilities to estimate the frequency of the reference DG scenario.

The general formulation is the following:

F_DGSC(SCENARIOTYPE) = F1(TRANSPORT EVENT)
X
P(DG UNIT)
X
P(DG CLASS)
X
P(UNIT CAPACITY)
X
P(RELEASE SIZE)
X
P(SPECIFIC CONDITIONS)
X
P(REFERENCE DG SCENARIO TYPE)

The following table contains brief descriptions of the meanings of the individual elements of
the frequency formula. It identifies where the user may find the relevant material to proceed
with estimating the frequency of a given scenario.
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7.5.2. Default - Estimation of F_DGSC

When the user does not apply any correction factor to the default values of the relevant
parameters, the following settings apply:

Table 15b: Default setting of F_DGSC

Extracted (relevant value) from F1 table for each type of infrastructure and

F1 -
operation
P(DG_UNIT) Estimated by the operational model on the basis of the information provided
by the user regarding the structure and composition of the traffic, including
P(DG_CLASS) DG and non-DG traffic.
P(UNIT CAPACITY) (see annex 1.2 for details)
P(RELEASE SIZE) Set to the value given in Table 13

Extracted from the ‘Table of conditional probabilities for fires, explosions and
P(SPECIFIC CONDITIONS) BLEVESs' and from the ‘Table of specific conditions for Class 7 scenarios’

(see section 7.5.3)

P(REFERENCE DG SCENARIO Extracted from the ‘Table of allocation of Reference DG scenarios’ (relevant
TYPE) value of the parameter ‘Conditional probability of occurrence’)

7.5.3. Default - Conditional probabilities for Fires, Explosions, BLEVEs and Radioactive
scenarios

These scenarios will only occur under specific conditions.

This section describes how to estimate their conditional probabilities of occurrence.

Table 16: Conditional probabilities for the occurrence of Fire, Explosion and BLEVE scenarios

Fire scenarios

Pre-condition Detailed condition(s) Conditional probability
of ignition

Release of Class 1 If no explosion takes place, a fire scenario may take place if ~ (overestimated to)

substance the released substance is heated by an external source 1.0

Initial phase: released flammable gases will ignite within
a short period of time, as soon as a source of ignition is
encountered. These scenarios are already taken into account in
Release of Class 2 the table of allocation of reference DG scenarios. P(FIRE) = 1.0

flammable gases Secondary phase: subsequent fire scenarios may arise; (for all flammable gases)
however it is considered that most of the victims/damage will
result from the scenarios resulting from ignition that have
already been considered.

(source CH)

Initial phase: released flammable liquids may not always ignite. P(IGNITION)
Release of Class 3 - Lo . - =60% to 70%
substance (Note: the probability of ignition will vary depending on the =0u% 0

flammability group. This is represented by the packing group)  P(IGNITION) = 0.65
(for all flammable gases)

Release of Class 4, 5,

6,8, 9 substance (DG scenarios to be determined) (to be determined)
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Explosion scenarios

Pre-condition

Detailed condition(s)

Conditional probability
of ignition

Release of Class 1

Ignition is considered for all possible explosion scenarios. It is

(overestimated to)

substance considered to be an overestimation of the actual risk. 1.0
(source CH)
Vi Cloud Explosi idered f Limited, PUGNITION)
Release of Class 2 apour Cloud Explosions are considered for any Limited, — 82% t0 98%

Continuous and Full release of Class 2

P(IGNITION) = 0.9
(for all flammable gases)

Other explosion
types

BLEVEs are considered below.

(see below)

BLEVE scenarios

General assumption

It is assumed that a BLEVE can take place when a relevant candidate cargo for BLEVE

scenarios is present:

1) in the vicinity of:

1a. a large pool fire engulfing the candidate cargo (Hot BLEVE),

1b. a jet fire impinging on the candidate cargo (Hot BLEVE),

and/or

2) other types of external fire impacting the candidate cargo (Hot BLEVE),

and/or

3) rupture of pressurised tank under certain conditions without fire (Cold BLEVE).

BLEVEs are characterised by the sudden expansion of a pressurised liquid changing phase
to gas when its containment is ruptured, involving pressure waves of greater or lesser

severity.

When the substance carried is flammable a fireball takes place consecutively to the rapid

phase-change expansion.

The probability of a hot BLEVE scenario is estimated with the following formula:

P(HOTBLEVE) = P(Candidate)
X
[ P(POOL_FIRE | LARGE CAPACITY)
+ 1/16 x PUJET_FIRE | LARGE CAPACITY)
+ P(Large external fires of non-DG cargo) ]

(Note 1: the probability of relevant neighbouring cargo in the vicinity of the candidate cargo is estimated with

the operational model — P(candidate)

Note 2: the user may chose, when justified, a different ratio to the default’1/16’ ratio applied for the conditional
probability of the impingment of jet fires on the candidate cargo).

(Candidate)
Flammable liquids

Scenario: Sudden expansion with changing phase followed by
a fireball

P(HOTBLEVE) with
relevant P(Candidate)

(Candidate)

Flammable liquefied
gas

Scenario: Sudden expansion with changing phase followed by
a fireball

P(HOTBLEVE) with
relevant P(Candidate)

(Candidate)

Non-flammable
liquid

Scenario: Sudden expansion with changing phase

P(HOTBLEVE) with
relevant P(Candidate)

(Candidate)

Non-flammable
liquefied gas

Scenario: Sudden expansion with changing phase

P(HOTBLEVE) with
relevant P(Candidate)

The probability of a cold BLEVE scenario is estimated with the following formula:

P(COLDBLEVE) = P(Candidate) x P(Cold BLEVE condition)

(Note: the probability of relevant neighbouring cargo in the vicinity of the candidate cargo is estimated with the

operational model - P(candidate)).

(Candidate)
Liquefied gas

Scenario: Sudden expansion with changing phase

P(COLDBLEVE) with
relevant P(Candidate)
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Table 17: Conditional probabilities for the occurrence of Class 7 scenarios

Important note:

The definition of the categories of releases defined in section 7.3 is not applicable to the
transport of Class 7 material which is regulated by the rules applicable to the carriage of
radioactive material (SSR-6) and associated guide (SSG-26) from IAEA.

The specific conditions of occurrence of DG scenarios with Class 7 material takes into
account the specific conditions of transport imposed by the above rules.

Radiation

Pre-condition of the
hazardous scenario

Detailed condition(s) of the hazardous scenario

Conditional probability of the
hazardous scenario

(to be determined)

(to be determined)

(to be determined)

Contamination

Pre-condition of the
hazardous scenario

Detailed condition(s) of the hazardous scenario

Conditional probability of the
hazardous scenario

(to be determined)

(to be determined)

(to be determined)

Fission

Pre-condition of the
hazardous scenario

Detailed condition(s) of the hazardous scenario

Conditional probability of the
hazardous scenario

(to be determined)

(to be determined)

(to be determined)

7.5.4. User setting for F_DGSC

The user of this guide should justify any changes they make to the proposed default values

for any open parameters used to estimate the frequency of reference DG scenarios.

7.5.5. Minimum requirement to the user

It should be noted that this framework has been developed to improve the estimation of
risks. It requires that both the frequencies and the impacts of the scenarios being considered
be established. It also means that considering potential impacts without taking into account
the associated frequency of occurrence does not correspond to a risk estimation but only

gives estimation of potential impacts.

Important note:

Very rare scenarios (e.g. Meteorites, Aircraft crashes, Lightning strike, Flooding...) or
domino effects can potentially lead to the user-specific DG scenarios.

When a user considers such scenarios it is required to justify the frequency associated
with the resulting DG scenarios and explain the value given to the contribution to the

overall risk estimation.

As a consequence, it means that scenarios whose frequency of occurrence is negligible
compared to other harmonised DG scenarios may be disregarded, for the purpose of
risk estimation, as they would not contribute significantly to the estimation of risks.
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7.5.6. Improvement process for F_DGSC

If a user of this guide has suggestions forimproving any of the parameters used for estimating
the frequency of reference DG scenarios they should send a justified change request to the
following address: https://www.era.europa.eu/activities/transport-dangerous-goods/inland-

tdg en.

7.6. Step 6 - Harmonised impacts of reference DG scenarios (N_DGSC)

The following sections introduce the description of the pre-calculated DG scenarios and their
use for the estimation of risks posed to vulnerabilities.

Annex Il contains, the list of available reference DG scenarios. When available each scenario
in the list may be obtained here.

The list of available reference scenarios will be updated regularly and it is advisable to refer to
the latest version of the corresponding webpage.

7.6.1. Reference DG scenarios

DG scenarios are coded as follows:

[Geographical scope]_[Mode]_[DG scenario code]

The geographical scope is the area of use of the corresponding scenario.

The mode is the mode of transport to which the scenario applies. The coding values for the
mode are the same as the coding values defined for the infrastructure categories in section
4.1.

The DG scenario code corresponds to the cell referencing from the table of allocation of
hazards and reference DG scenarios.
As an example of the above coding, the code NL_RD_CL21_AA_2 means:
» [geographical scope] -> NL: reference DG scenario applicable on Dutch territory,
» [mode] -> RD: applies to road transport,
» [DG scenario code] (see DG scenario coding in section 7.4.1).
o CL21:involving carriage of DG class 2.1
o AA:resulting in a Vapour Cloud Explosion

o 2:of liquefied flammable gas.
7.6.1.1. Information recorded for each reference DG scenario
The information for each reference DG scenario is available on the relevant webpage of the

inland-tdg website. It is composed of the following sheets:
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» The first sheet gives detailed information for:
o the DG scenario being considered,
o the DG containment category,
o the DG release size,

o the reference models used to calculate the distance of effects,

o

the types of vulnerability being considered.

» The rest of the sheets contain the calculated distances below which impacts of a given
severity level affect the given category of vulnerability.

7.6.1.2. Consistency between the DG unit capacity and the applicable category of release

It must be noted that the risk analyst is responsible for consistency in defining the DG unit
capacity and the category of the release size.

For example, itis evident that a quasi-instantaneous release from a DG unit of 60 tons capacity
cannot occur with transport operations that use only small receptacles. The risk estimation
model therefore considers only the alternatives given in Table 18.

7.6.2. User-specific DG scenarios

In the first instance, and when relevant, the user should use the reference DG scenarios
available on the website.

Should there not be a relevant reference DG scenario for the risk situation being considered
the user should complete the template for user-defined pre-calculated DG scenario(s) for
each relevant scenario.

To improve the transparency of the risk-based decision-making process user-specific DG
scenarios should be shared with interested stakeholders when requested.

If possible, user-specific DG scenarios should also be shared with the EUDG to contribute to
the development of harmonised reference material.
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Table 18: Applicable release size by capacity of DG containment unit

Applicable category of releases (see section 7.3) - (not applicable to Class 7)

NO_RELEASE  SMALL LIMITED CONTINUOUS FULL
No release from the .
main containment  Durationof .\,
shell release x Flow |
. rate release
LARGE For this type of < <
. release a limited (_I_ARGE) (LARGE)
For this type of  jnyolvement of DG C ; Capacity
releaseasmall  gypstances may apacity
involvement of  pa considered by
Category DG substances  the risk analyst as
of DG For transport  may be being coveredby . o
containment eventsinthis  consideredby 3 gmall capacity uration o Volume of
. categoryonly  theriskanalyst  alease with release x Flow ileese
Efg)e section UM the mechanical — in the context of 3 small flow rate rate =
4 |mpact is management of corresponding (_MEDIUM) (MEDIUM)
!nvolvepl estimated. workplace health (4 the rupture of Canacit Capacity
in the risk No involvement and safety. asmall connecting -2Pacty
situation of the DG For transport pipe.
being substance. events in this
considered category the
mechanical Duration of
|mpact s Duration of release release x Flow Volume of
estimated. Flow rat rat release
SMALL xriowrate e <
(SMALL) Capacity  (SMALL) ‘CS'V'AL.”
. apacity
Capacity
(consider Duration of release Duration of Volume of
ey mechanical x Flow rate el oy release
USER-DEFINED mechanical Ty A - rate <
Gy Impacts are workplace health (USER-DEFINED) (SMALL)
applicable) and safety risks)  Capacit iy Capacit
4 pacity Capacity pacity

7.6.3. Estimation of the severity of damage

Reference DG scenarios or user-specific DG scenarios provide distances of effects for hazards
(see second spreadsheet of each DG scenario file). This distance and the corresponding
expected intensity of the effects on the various type of vulnerability are used to estimate the

severity of damage.

At present, the user can directly use the relevant distance of effects proposed by the reference
DG scenarios or can justify the use of user-corrected inputs, including the possible use of

sheltering factors to model the effect of protection measures.
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Important note:

During the course of the framework development it was identified that participating
experts are using different distances of effects for similar DG scenarios.

These variations impair the comparability of risk estimation results.

This is why the EUDG will actively work on setting harmonised reference DG scenarios
to be used in the application of the framework, in place of user-specific inputs. This task
will also consider harmonising the use of sheltering factors.

This workflow should allow for better comparability of risk estimation results in the
future.

7.7. Step 7 - Estimation of risks

The principle behind the estimation of risks in every cell of the calculation grid is described
in section 2.4.6.

The list of steps below gives an overview of the principal process for obtaining a risk estimation
by using individual risk estimations and F/S curves on the basis of elementary risk calculation
within each grid cells.

Phase I: Description steps

» Infrastructure

» DG Traffic

» Vulnerabilities

» Segments

Phase Il: Preparing risk calculation grid
» Merged segments

» Grid cells

Phase lll: Scope of the desired risk estimation results

» For each given DG scenario,

» For each given location of the DG scenario occurrence,
» For each vulnerability,

» For each time period,

v

For each permutation of weather and wind conditions (if applicable),

Phase IV: Elementary risk estimation in each grid cell
» Frequency of impact

» Severity of impact
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Phase V: First level of aggregation of individual risks and F/S curves
» Individual risk in a given cell:
o sum of all impacts received within a cell
» F/S curve for one DG scenario at one location:
o identify cells that are impacted by a given scenario at the given location
o sum of impacts for all affected cells
o frequency of occurrence of this scenario at this location

o building F/S curve for this scenario at each possible location

Phase VI: Second level of aggregation of individual risks and F/S curves
» Aggregation of individual risks and F/S curves
o within a segment

o within an infrastructure

Phase VII: Other levels of aggregation of individual risks and F/S curves
» Aggregation of individual risks and F/S curves within other categories is also possible:
i) foragiven class of DG
ii) for the whole range of DG traffic under consideration
iii) for a given period of the day (daytime, night-time...)
iv) other...

The detailed specification of the harmonised risk estimation process will be developed in
collaboration with the EUDG in accordance with the above principles. It will be published on
the website when finalised.
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Annexes

Important note:
The annexes contain detailed reference material which will be regularly updated by the
Expert Users and Development Group.

The users of this guide should check for the applicable version of reference material
here.

| - Reference F1 settings

At the date of the publication of the framework two F1 reference tables are available as listed
in the List of F1 tables, as follows:

» EU F1 RL was developed by the European Union Agency for Railways to set average
reference values for EU railways. It is based on the use of Common Safety Indicators and
additional assumptions that are necessary to reflect freight transport events.

» FR F1 RL applies to French transport events occurring in marshalling yards, based on
a French and pan-European review of available data.

I.1-EU_F1_RL

This table provides reference settings of F1 for the following infrastructure and operational
categories:

» F1_RL_NET_ALL: covers direct causes relevant to railway freight operations on the EU
railway network. It contains the following subsets of operation types:

o F1_RL_OLN_ALL: freight operations on all categories of open line,

o F1_RL_STSD_ALL: freight movements in stations and sidings areas.
For other categories of infrastructure or operation the EUDG may develop further reference
material when relevant information is available.

For segments of category ‘F1_RL_NET_ALL’

F1 was calibrated in accordance with the method described in section 7.1 using the following
source of information: the Common Safety Indicators (CSls), the UIC public reports on safety
and Eurostat database.

CSls (reporting of years 2012 to 2014) were used to set the average yearly number of railway
occurrences for passenger + freight services, as reported under the CSI regime.

UIC public reports on safety (2010 to 2013) were used to determine the proportion of (CSI-
type) occurrences that are relevant for freight services (proportion of freight occurrences). On
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| — Reference F1 settings

the basis of these data this proportion was set to 20% (RELEVANCY_OPE_EU = 20%), meaning
that the current model calibration assumes that 20% of significant accidents reported under
the CSl regime involve freight trains operations.

UIC public Safety reports (2010 to 2013) were also used to determine the proportion of
occurrences that occur on open lines (RELEVANCE_INFRA =65%) and in stations and sidings.

In accordance with these sources of information the following relevance factors have been
set:

» InF1_RL_OLN_ALL -> RELEVANCE_INFRA=65%
» InF1_RL_STSD_ALL-> RELEVANCE_INFRA=35%

It is therefore assumed that 65% of occurrences reported through CSls occur on open lines
and 35% in sidings and stations.

The corresponding yearly numbers of occurrences are normalised by the applicable tonnage
(1.647x10° tons) and ton.kilometres (4.137x10"") reported for freight transport in the Eurostat
rail_go_typeall’ database.

F1 values normalised by the number of wagons operated are calculated using the number of
wagon operations (5.863x107) estimated by the harmonised operational model.

F1_RL_NET_ALL, F1_RL_OLN_ALL, and F1_RL_STSD_ALL have been calibrated on the basis
of these data.

By default F1_RL_OLN_URBAN, F1_RL_OLN_SUBURBAN, F1_RL_OLN_COUNTRY1 and F1_
RL_OLN_COUNTRY2 are set to F1_RL_OLN_ALL. F1_RL_STSD_ENTRY, F1_RL_STSD_WITHIN
and F1_RL_STSD_EXIT are set to F1_RL_STSD_ALL.

.2-FR_F1_RL

This table gives the reference setting of F1 for marshalling yards operated in France.
For the segments of type ‘F1_RL_MYS_ALL’

F1 was calibrated using data reported in ‘Etude de l'accidentologie liée au Transport de
Marchandises Dangereuses sur les sites Européens de Triage de Wagons' (DNV PP063376-
1, PP063376-2 and PP063376-3, 10 January 2014). This study was performed on behalf of
the French ministry of environment and covers the analysis of safety occurrences in French
marshalling yards over the years 2000 to 2012. This study also provides a survey of available
data in Europe and can be seen as the most recent European study on TDG occurrences taking
place in marshalling yards. This study indicates the most relevant set of data to calibrate the
harmonised model is that collected in France for 13 years of operation of French marshalling
yards. It is also important to note that some European countries have used these data to
calibrate their own risk models.
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As a result, the information reported in this study was used in accordance with the method
described in section 7.1.4.to calibrate F1 for the following segments:

» F1_RL_MYS_ALL

» F1_RL_MYS_RECEPTION
» F1_RL_MYS_UNCOUPLING
» F1_RL_MYS_SHUNTING

» F1_RL_MYS_DEPARTURE

Important note:

FR_F1_MYS setting is the basic frequency of transport events in FR marshalling yards
and does not integrate the effects of risk control measures applied to specific DG
scenarios.

In addition to the basic frequency setting F1, the effect of TE22 and TE25 (see additional
bibliography) as a safety measure reduces the probability of occurrence of some DG
scenarios. This is taken into account in France to establish F_DGSC for DG scenarios to
which TE22 and TE25 is applicable.

This is an example of the use of FR_F1_MYS reference material for the determination of
the frequency of transport events combined with the analysis of the potential effect of
TE22 and TE25 on the frequency of the DG scenarios being considered.

1.3 — Other reference settings

1.3.1 - Road mode

A harmonised naming system based on CaDaS taxonomy is proposed as a template for
collecting information on safety occurrences on the road mode.

The possibility of establishing corresponding F1 calibration with data reported in the CARE
database (using CaDa$S taxonomy) is being investigated. The relevant framework documents
will be updated when this is available.

Itis not currently proposed to harmonise rates of occurrence for the road segments, and users
of the guide should therefore set their own calibration with appropriate justifications.

1.3.2 - Inland waterways mode

Only a few participants (NL and CH) in the TDG roadmap workshops reported information on
typical inland waterway safety occurrences. This information was used to set a harmonised
naming system for safety occurrences on the different types of inland waterway segments.
However, too little information is recorded in the annual numbers of occurrences and
therefore no harmonised rate of occurrence is proposed for the calibration of F1. Users of the
guide should therefore set their own calibration with appropriate justifications.
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1.3.3 — Multimodal platforms

A harmonised naming system is proposed for a template to collect information about safety

occurrences involving multimodal platforms. No harmonised rate of occurrence is proposed
for the calibration of F1 due to the absence of relevant data. Users of the guide should
therefore set their own calibration with appropriate justifications.

1.4 - Estimation of F1 in a given segment of a use case

The reference settings of F1in‘F1_./tables is used to allocate a value for F1 over each segment

of a use case, as described by the user in accordance with section 4.1.

From the user description, for segment ‘i’ the user knows:

4
4

The transport operation category of each segment (TYPE_SEG(i))

The reference direct causes (DCj) for each segment
(list of DCj reported in F1 tables for each segment type)

The reference F1 frequency of the segment type F1_REF(TYPE_SEG(i))

The reference volume of transport which was used to establish the reference F1 value
(N_T_REF, N_TK_REF, N_TU_REF),

The volume of transport considered in the use case (N_T_USR, N_TK_USR)
(described by the user in‘Use case — Traffic description’ document),

The reference number of transport units (N_TU_USR) for each segment is provided by the
‘Operational model’ or corrected by the user of the F1 tables.

The length of the considered segment li(SEG(i))

On this basis the user can allocate a F1 value applicable to each segment (F1_T_SEG(i)).

Figure 28: Default setting of F1 values over user-described segments of infrastructure

F1_T_REF(TYPE_SEG(i)

F1_T_SEG()

F1_ Y SEG(
]

*

N_T_SEG()
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|

Use case infrastructure

Version 1.0/2018. Uncontrolled when printed. Download the latest version of this guide and of the accompanying
reference materials and tools at era.europa.eu. © EU Agency for Railways, 2018

101


https://www.era.europa.eu/
https://www.era.europa.eu/activities/transport-dangerous-goods/inland-tdg_en#meeting4

102

RISK MANAGEMENT FRAMEWORK FOR INLAND TRANSPORT OF DANGEROUS GOODS
Guide for risk estimation

The reference frequency of occurrence in segment i is given by:

F1_T_SEG(i) = F1_T_REF(TYPE_SEG(i))

The yearly reference number of safety occurrences in segment i corresponding to the volume
of transport (tonnage) over the segment i is given by:

N_OCC(i))/Y = F1.Y_SEG(i) = F1_T_SEG(i) x N_T_SEG(i)

Important note:

If F1_T is not defined for a given type of operation then the reference frequencies
normalised in number of transport unit operation (F1_TU) can be used in its place. In
this case the same formula applies to calculating F1_Y_SEG(i).

At this stage it is also possible to define F1_Y_SEG_DC(i,j), the frequency of occurrence of the
reference direct causes (DCj) for each segment i, using the breakdown of direct causes that is
relevant for the segment type.

The applied formula is the following:

F1.Y_SEG_DC(i,j) = F1.Y_SEG(i) x N_ROCC_USR(j) / F1.Y_REF(TYPE_SEG(i))

Important note:

Section 6 of the framework guide proposes that, as part of future development, the
EUDG will specify the detailed characteristics of a risk estimation engine based on this
approach.
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1.1 - Harmonised description of transport operations (default)

11.1.1 - Harmonised description of cargo sizes
As agreed at the 10" workshop on TDG risk management, the risk estimation model considers
the following categories of cargo sizes:

» Capacity category A: Cargo composed of maximum capacity tanks or maximum size bulk
cargo represented in the transport model with this symbol:

N

-

» Capacity category B: Cargo composed of medium capacity cylinders or medium size bulk
cargo represented in the transport model with this symbol:

OO0

» Capacity category C: Cargo composed of articles and packaging represented in the
transport model with this symbol:

- -

Default cargo capacities (in tons) and default breakdown of cargo sizes (% of transport
tonnage) are allocated for each DG class. The default allocation of cargo size and breakdown
is based on EU region transport statistics and is recorded in document ‘Default - Traffic
parameters'in the tables ‘DG CType tonnage’and ‘DG traffic - BKD CType":

» Default - Traffic parameters,
» Generic names of capacities are defined by:
o [RD, RL, IWW, MMP]_CC_[A, B, C1_T,
The variable part of the name is selected in accordance with the applicable mode and capacity
category.

o Example: RD_CC_A_T means Road cargo with capacity category A expressed in tons.
11.1.2 - User-defined sizes of cargo
The default size of cargo is a‘closed’ parameter that cannot be changed by the user because

pre-calculated tables of hazardous areas have to be consistent with the potential volume
of the DG substance involved and thus the size of cargo (DG substance capacities) and
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because, in order to ensure a good level of harmonisation, the pre-calculated tables cannot
be corrected by the user.

This is also justified by the fact that typical sizes of cargo are set by international conventions/

agreements on the transport of dangerous goods.

1.2 - Breakdown of cargo sizes in transport planning

11.2.1 - Statistical breakdown in EU region (default setting)
For each mode of transport and for each class of dangerous goods the average breakdown
of capacity categories is set in accordance with the views of TDG experts who participated in

the TDG workshops.

In the future these statistics may be more accurately set by using information reported in
electronic transport documents.

For the moment the harmonised default breakdown is set on the basis of expert judgement.

11.2.2 - User breakdown for a given use case (user setting)

Transport planning is one potential risk management measure (for example, avoiding large
capacity transport in densely populated areas or during the daytime).

This is why the transport capacity breakdown is an ‘Open’ parameter can be adapted by the
user for each segment of the described transport/operational activity of a given use case.

The user has access to this parameter in the document Use case — traffic description in the
table ‘DG traffic - BKD CType'

I1.3 - Modelling of given transport/operational planning

The transport/operational model assumes that given transport/operational planning is fully
defined in respect of the following elements:

Breakdown of DG tonnage within the total freight tonnage carried:

o Carrying DG (T_DG %)
o Not carrying DG (T_NON_DG %); ,

Breakdown of DG transport units into the following predefined cargo categories:

» DG cargo, of the categories defined in section 11.1.1:

o Capacity category A (CC_A %); ;"/ ( -\; ,
-
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o Capacity category B (CC_B %); GOO ,

o Capacity category C(CC_C%); | atdtal

» Multimodal DG containers, of the categories defined in section I1.1.1:

o Capacity category A (MM_CC_A %);

I

o Capacity category C (MM_CC_C %);

C ity cat B (MM_CC_B %); ,
o Capacity category 0 r.?r.?d

Single or Multiple transport unit Compositions:
» Heavy Goods (road) Vehicle with one or more trailers,
» Train composed of a given number of wagons (rail mode),
o Complete DG trains: only composed of DG wagons,
o Mixed DG trains: composed of DG and non-DG wagons,
o Normal freight compositions (without DG cargo).
P Vessels or rake of vessels carrying one of more Vehicles or Transport units (inland waterways

mode).

DefaultEU multiple unitcompositionsare definedin the document’Default - Traffic parameters
(DG traffic — BKD CType); based on EU transport statistics and TDG expert judgment®.

In addition, the user can define the default composition of the traffic to be considered in
a given use case with the document ‘Use case - Traffic description(DG traffic — BKD CType).

When the above transport/operational characteristics have been set by the user (either using
default settings or user-defined settings) the operational model calculates the number of
each type of transport unit for each class of dangerous goods being carried and for each type
of multiple unit composition that is necessary to transport the defined tonnages with loaded
cargoes.

11.4 - Estimation of P1 using the ‘operational model’

The ‘operational model’ is used to estimate various conditional probabilities, based on the
characteristics of the traffic as described by the user.

> In the future this setting may be established using the information recorded in electronic transport documents.
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Basically, the operational model provides the following conditional probabilities:

» P(DG_UNIT) = P1: probability that a DG unit is involved in a transport occurrence,

» P(DG_CLASS): probability that a given DG class is involved in a transport occurrence,

» P(UNIT CAPACITY): probability that a given size of DG cargo is involved in a transport
occurrence.

Other conditional probabilities that are related to the characteristics of each given mode are

estimated by the operational model, for example:

» Probability that a transport occurrence involves a complete DG train,

» Probability that a given DG class cargo is adjacent to another DG class cargo,

> ...

The above probabilities are notably used for estimating P(candidate) as described in section
7.5.3.

The detailed specifications of the operational model will be developed by the EUDG as part
of the specification of a future risk estimation web application.

1.5 - Calibration of FO / F1 consistency

The frequencies of the predefined categories of release are analysed in this section. This takes
into account the work developed under the auspices of the UNECE/OTIF Working Group on
BLEVE and from sources reported by the participating members.

The following tables record the analysis made during the development of the framework,
leading to the proposed harmonised conditional probabilities for the different categories of
release reported in section 7.3.

Table 19: Analysis of relevant information for the setting of conditional probabilities for the different

categories of release - Inland waterways

WATERWAYS
Sources of information and related setting of the Relevant information for the breakdown of defined
release probabilities release categories

NO SMALL  LIMITED  CONTINUOUS FULL

Source  Scope of the analysis RELEASE RELEASE RELEASE  RELEASE RELEASE

No information received on this topic during the TDG roadmap
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Il - Selection of Reference DG scenarios

1l - Selection of Reference DG scenarios

l11.1 - Harmonised DG scenarios

The experts involved in the development process had not harmonised the reference DG
scenarios at the time of the publication of the framework of guides, therefore only a list of
‘user’ specific scenarios is made available at this stage (see section I1l.2).

It is already anticipated that the EUDG will continue the development of reference DG
scenarios, including the establishment of harmonised scenarios. This task is part of the
improvement and development process in section 6 of the Framework guide.

In the future it is envisaged that the EUDG should deliver harmonised reference DG scenarios
for every relevant cell of the table of allocation of hazards and reference DG scenarios.

Regular updates of the available reference material will be published on the website.

lll.2 - User-specific DG scenarios

At the time of the publication of the framework it was possible to establish a first list of DG
scenarios that are currently used in (non-harmonised) risk estimation practices in some of the
participating countries, and covering the three modes of Inland transport.

This list will be regularly supplemented and updated on the basis of the change requests sent
to the EUDG in accordance with the process of improvement of the framework in section 6 of
the Framework guide.

The list of available user-specific DG scenarios can be consulted here.
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IV - Estimation of DG Scenario impacts

As indicated in annex lll, only users’ specific material is currently available for reference DG
scenarios. This may result in differences in the processes of estimating the corresponding
impacts.

Therefore this annex will be further developed with the EUDG and a corresponding detailed
methodology will be made available on the inland-tdg website.
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V - List of parameters used in the harmonised risk estimation model

V - List of parameters used in the harmonised
risk estimation model

As the list of parameters will be updated regularly in accordance with the process of
improvement described in section 6 of the Framework guide, please use the link to refer to
the currently applicable document.
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VI - Conversion tables for quantitative and
qualitative risk results

The risk estimation method presented in this guide uses an explicit quantitative approach.

However it might be useful to provide interested parties with verbal scales allowing the
conversion of quantitative risk estimation results into qualitative risk estimation results.

At the date of the publication of the framework these conversion tables require further
development by the EUDG in accordance with the process of improvement of the framework
(section 6 of Framework guide).

The latest update of these tables will be available here.
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GETTING IN TOUCH WITH THE EU

In person
All over the European Union there are hundreds of Europe Direct information centres. You can
find the address of the centre nearest you at: http://europedirect.europa.eu

On the phone or by email
Europe Direct is a service that answers your questions about the European Union. You can con-
tact this service by freephone: 00 800 6 7 8 9 10 11 (the information given is free, as are most
calls, though some operators, phone boxes or hotels may charge you), at the following standard
number: +32 22999696 or by electronic mail via: http://europedirect.europa.eu

FINDING INFORMATION ABOUT THE EU

Online
Information about the European Union in all the official languages of the EU is available on the
Europa website at: http://europa.eu

EU publications
You can download or order free and priced EU publications from EU Bookshop at: http://bookshop.
europa.eu. Multiple copies of free publications may be obtained by contacting Europe Direct or your
local information centre (see above).

EU law and legal information
For easy electronic access to legal information from the EU, including all EU law since 1951 in
all the official language versions, go to EUR-Lex at: http://eurlex.europa.eu

Open data from the EU
The EU Open Data Portal (http://open-data.europa.eu) provides access to datasets from the EU.
Data can be downloaded and reused for free, for both commercial and non-commercial purposes.
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