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Abstract: Design, implementation, and operation of any project are affected by the environment
where it is developed; at the same time, the project will influence the environment, since during its
life cycle it can cause an impact on it. This impact can lead to social, economic, and environmental
results. Directive 2014/52/EU, on the assessment of the effects of certain public and private projects on
the environment, reflects the obligation for the project promoter to consider, in the Environmental
Impact Study (EIS) of the project, their vulnerability (exposure and resilience) to major accidents
and/or disasters, evaluating both the risk and their effects on the environment, in case these major
accidents and/or disasters appear. The IEC 31.010:2019 Risk management—Risk assessment techniques
standard defines 45 risk appreciation techniques that are useful when analysing the risks, in general.
The objective of this paper is to review these 45 techniques, and establish which ones can be used for the
assessment of accidents or disasters required in the specific environmental impact assessment process
to accomplish with the regulation. After the revision, the authors propose five risks appreciation
techniques that could be used for the assessment of major accidents and or disasters in projects for
which EIA has to be carried out.

Keywords: risks appreciation technique; environmental impact assessment; vulnerability of the
project; major accidents; sustainable project management; project management

1. Introduction

The process of economic globalisation, together with the development of new technologies and
population growth in the second half of twentieth century, has caused several environmental problems
that have had effects far beyond national boundaries, becoming worldwide problems. This has brought
with it a scientific movement aimed at the achievement of a new production model, more sustainable for
the environment. The concept of “sustainable development” was originally defined by the European
Commission in the paper “Our Common Future” as “the kind of development that meets the needs of
the present without compromising the ability of future generations to meet their own needs” [1].

Sustainability includes social, environmental, and economic aspects to make a rational use of the
resources and meet the current needs without compromising the ability of future generations to meet
their own needs [2,3].

Traditionally, meeting human needs has been carried out through the development of projects,
both for the construction of necessary buildings and infrastructure and for the development of products
that the society demands. This satisfaction has been accompanied, nevertheless, by an excessive
consumption of natural and non-renewable resources, which has contributed to environmental
degradation, derived from the increased pollution, the damage to vulnerable ecosystems, and the
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release of greenhouse gases to the atmosphere [4]. Because of this, conventional project management
techniques do not appear to be the most appropriate to manage portfolio, program, and projects in a
sustainable manner. It is necessary to include the principles of sustainability in the concept of project
management [5].

Design, implementation, and operation of any project are affected by the environment where it is
developed; at the same time, the project will influence the environment, since during its life cycle it can
cause an impact on it. This impact can lead to social, economic, and environmental results. According
to them, we will get to know how sustainable the project is [6].

Projects, as defined in the “Guide to the Project Management Body of Knowledge” (PMBOK®

Guide), are a “temporary endeavour undertaken to create a unique product, service, or result. Projects
are undertaken to fulfil objectives by producing deliverables” [7]. Sustainability, as a study field, can
provide project management with new prospects for improvement, since it considers environmental,
economic, and social impacts at the same time, both for the life cycle of the project and for the life
cycle of the product or good generated [6,8]. This relationship between sustainability and project
management has caught the eye of many researchers and professionals, becoming a new research field
for project management [9–11].

In fact, this new approach has been included in the concept “Sustainable Project Management”
(SPM), defined by Silvius and Shipper [12] as “the planning, monitoring and controlling of project
delivery and support processes, with consideration of the environmental, economic and social aspects
of the life cycle of the project’s resources, processes, deliverables and effects, aimed at realising
benefits for stakeholders, and performed in a transparent, fair, and ethical way that includes proactive
stakeholder participation”.

The consideration of the sustainability dimensions in the practices of projects managers results
in much more interesting large projects and/or projects with a significant social and environmental
impact, such as the construction or civil works projects subject to the Environmental Impact Assessment
procedure (EIA).

EIA is a legal, administrative procedure which consists of the identification, description,
and assessment, in the light of each individual case, of the direct and indirect significant effects
of a project on the environment in case it is put into operation, in order to prevent, correct, and evaluate
the impacts, for the approval, modification, or rejection of the project if the amendment was not
possible [13].

Spanish Law 9/2018 amending Law 21/2013 of Environmental Impact Assessment [14] came into
force on 7 December 2018 [15]. This Law transposed to Spanish Law Directive 2014/52/EU, of 16 April
2014 [13] on the assessment of the effects of certain public and private projects on the environment.
In its single article, point 14, paragraph d), the Law reflects the obligation for the project promoter
to consider, in the Environmental Impact Study (EIS) of the project, their vulnerability (exposure
and resilience) to major accidents and/or disasters, evaluating both the risk and their effects on the
environment, in case these major accidents and/or disasters appear.

Article 1, point 2, includes the definitions for major accident and disaster:
“Major accident: occurrence such as a major emission, fire or big explosion resulting from a

uncontrolled developments in the course of the implementation, operation, dismantling or demolition
or a project, and leading to serious danger to human health or the environment, immediate or delayed.”

“Disaster: natural events such as floods, rising sea levels or earthquakes, external to the project,
that produces severe destruction or damages on the people or the environment.”

It also includes the definition of vulnerability:
“Vulnerability of the Project: physical characteristics of a Project that may affect the possible

significant adverse effects on the environment as a consequence of a major accident or a disaster.”
With this structure, EIA procedure of projects is linked to the European regulation for the control

of major accidents hazards, Directive 2012/18/UE (known as Seveso III Directive) [16], and, at Spanish
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level, to the Royal Decree 840/2015 [17], relative to the control of risks inherent to the major accident
involving dangerous substances.

This new structure of the EIA regulation forces an identification, analysis, and evaluation of
risks, this is to say, a risks appreciation procedure, as the ISO 31.000:2018 standard [18] indicates
(see Figure 1).
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Risk appreciation allows decision-makers to understand the risks that could affect the achievement
of the goals of the project, providing a basis as well for making decisions on the more adequate
approach to afford the risks. The way the identification, analysis, and evaluation of risks are performed
not only depends on the context of the project, but also on the methods and techniques used to carry
out the risk’s appreciation [19].

EIA and Risk Assessment (RA) have a similar procedural framework, since they try to predict
impacts that can appear in the future. The need for their aggregated analysis was proposed by Gough
in 1989 [20], although studies in this field are not very common. Demidova and Cherp proposed a
model for the integration of RA into the process of EIA for thermal power plants, dams and water
deposits, waste treatment plants, and landfills [21], integrating techniques from RA in the stages of
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the EIA process. In Australia, in 2010, the Department of Health of Western Australia presented a
risk-based approach for EIA [22]. Subsequent to the publication of the European Directive 2014/52/EU
on the assessment of the effects of certain public and private projects on the environment and its
consequent transposition into national laws, different proposals for the consideration of RA into the
EIA process have appeared, such as that proposed by Zelenákova and Zvijáková in Slovakia [23].

Driven by increasing pressure from government regulators, community activists, and
non-governmental organisations [24], environmental practices are gaining attention from both academia
and industry. However, much still needs to be done concerning this research topic, as the identification
of risks caused by inadequately addressing environmental hazards remains poorly explored in the
literature [25].

In [26], the authors analysed 767 abstracts and 70 full papers to identify 14 environmental risks,
3 main consequences, and 19 strategies to manage the environmental risks, and as a result they
presented an Environmental Supply Chain Risk Management taxonomy.

In 2019, the International Electrotechnical Commission (IEC) published the International Standard
31.010:2019. Risk management. Risk assessment techniques [27], including 45 techniques appropriate to
use within a risk management process, leading to actions to treat risk. Nevertheless, when performing
an environmental impact assessment, risks can be very different, and it is necessary to choose the right
one, depending on the type of project and circumstances of the risks.

Although the identification of environmental risks is a relatively new research field (EU Directive
is from 2014), different authors have proposed methods to address the environmental risks within
the environmental impact assessment process [28,29]. Nevertheless, there is little published about the
convenience of the techniques identified as risk assessment techniques to identify and evaluate the
environmental risks arising during the EIA process.

The objective of this paper consists of the revision of the 45 risk appreciation techniques, defined in
the IEC 31.010:2019 Risk management—Risk assessment techniques standard, choosing the ones which
could be used for the assessment of accidents or disasters required in the process of EIA, showing the
baseline conditions (availability of data, stakeholders, and so on), the application conditions, and the
robustness of their results. After the revision, five techniques have been chosen as the more adequate
to assess the vulnerability of a project to major accidents or disasters in the EIA process, accomplishing
the European regulatory framework for this process stated above.

2. Theoretical Framework

2.1. The Risk Appreciation Procedure

ISO 31.000:3018 standard defines risk assessment as “the overall process of risk identification,
risk analysis and risk evaluation” [18].

Risk identification is the stage where risks are found, recognized, and described. This process
includes the identification of causes and origin of the risks, events, situations, or circumstances that
might have a potential impact on the objectives and may result in a variety of tangible or intangible
consequences [30].

The risk analysis stage implies the development of an understanding of the risk; in other words,
it consists of determining the consequences and probabilities for identified risks events, considering
the existence (or not) and the effectiveness of all the existing controls. The consequences and their
probabilities will be combined afterwards to determine the level of risk.

The risk evaluation stage implies the comparison of the estimated risk levels with the risk criteria
defined when the context was established, with the aim of determine the importance of the level and
type of risk.

During the risk evaluation stage, knowledge about the risk obtained during the risk analysis stage
is applied. This makes it possible to make decisions about future actions, for example, if the risk needs
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to be addressed, which is the priority level of the treatment, if an action is necessary, or the path that it
should follow.

Decision about if a risk must be addressed, and how, may depend on the costs and benefits of
taking the risk, and on the costs and benefits of the implementation of improved controls to avoid
it. A common approach in all the processes of risks appreciation involves dividing the risks into
three groups:

1. An upper range, where the level of risk is considered unacceptable, whatever the benefits of the
activity. For this group, the treatment of the risk is essential, independently of its cost;

2. A medium range, where the costs and benefits are considered, and the opportunities are
compensated with regards to the potential consequences;

3. A bottom range, where the level of risk is considered insignificant or so small that it is not
necessary to take actions for its treatment.

2.2. The Risk Appreciation Techniques

Risk appreciation can be done according to various degrees of depth and detail, using one or more
methods, varying from the simplest to the most complex ones, according to the available information,
to the characteristics of the context and/or to the application cost of the methods [31,32].

Standard IEC 31.010:2019 [27] includes some characteristics that should be considered when
selecting one or more techniques to use:

• Application;
• Scope;
• Time horizon;
• Decision level;
• Starting info/data needs;
• Specialist expertise;
• Qualitative–quantitative;
• Effort to apply.

There is no “prescription” to select the correct method or technique for risk appreciation, but there
are some guidelines, in a manner that:

• It is justifiable and suitable for the project or organisation considered;
• The results make it possible to understand the nature of risk and how to address it;
• The application or the method or technique can be traceable, verifiable, and replicable.

With these characteristics about the selection of techniques for risk appreciation, considering
their application in an Environmental Impact Study (which is developed at the same time as the
preliminary project or basic plan of the facility), where the knowledge about the characteristics of
receiving environment and the infrastructure is emerging or under development, this paper studies
the main risk appreciation techniques included in IEC 31.010:2019 standard, analysing the possibility
of their application to perform the vulnerability assessments in EIS.

3. Material and Methods

The procedure followed for the assessment of the suitability of risks appreciation techniques for
the EIA process was structured in four steps. Initially, as a first step, an initial and individual review
of IEC 31010:2019 standard was made by the authors. In particular, all the information included in
tables A.1. and A.3. of the standard (which summarize the characteristics of the risk appreciation
techniques that should be considered when selecting which technique or techniques to use) was
analysed, and the information included in table A.2. of the standard, where a brief description of
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the 45 techniques is included, indicating for each of them the analysis regarding the characteristics
indicated in tables A.1. and A.3.

In the second step, all the collected information was shared, and a first selection of techniques was
made that, according to the authors, could more appropriately be applied to assess the vulnerability of
a project to major accidents or disasters in the EIA process.

In the third step, an individual and deeper analysis of each technique was carried out.
Finally, at the fourth step, individual results were shared. These results are presented in the

following section.
Figure 2 shows a schematic vision of the methodology followed for this study.
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4. Results

This section presents the techniques that, according to the authors, could be used to analyse the
vulnerability of a project to major accidents or disasters in the EIA process.

After initial analysis of appreciation risk techniques, the authors made the following remarks:

• Application of quantitative techniques in the initial phases of a project, when the characteristics
of all systems and subsystems are not yet completely defined, results complex, and it is in these
phases when projects are to subject to the EIA process;

• There are no failure consequences or failure probabilities databases available for all types of projects
subject to EIA. Originally, many of these techniques originated for chemical or petrochemical
factories projects, and for these kinds of projects there is a lot of published scientific literature that
has collected probabilities or frequencies of failure [33,34]; however, such data do not exist for
events that can appear, for example, in linear infrastructures projects (roads or railway tracks);

• As the identification and analysis of risks is in fact a complex and multidisciplinary process where
the actions of the project can influence several aspects of the environment (geology, hydrogeology,
atmosphere, flora, fauna, employment, services, and so on), it will be convenient, in order to
analyse the vulnerability of the project to major accidents or disasters, to have a selection of
techniques that make it possible to perform both the identification and the analysis of the risk at
the same time.

According to this, an initial selection of the following techniques was made, and a case-by-case
analysis was carried out, including a description of every technique and an example of its possible
application to the analysis of vulnerability of a project to major accidents or disasters.

The five selected techniques were the following:

• SWIFT Technique (Structured What IF Technique);
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• Cause and Effect Analysis Technique;
• Scenario Analysis Technique;
• Failure Mode and Effects Analysis, FMEA Technique;
• Consequence/Likelihood Matrix Technique.

4.1. SWIFT Technique

This is a technique developed as an alternative to the HAZard and OPerability Study technique
(HAZOP), consisting of a systematic study of the project carried out for an expert panel with a facilitator,
with the goal of identifying possible hazardous scenarios that can result in accidents or working system
problems, predicting their possible consequences [35,36].

The facilitator uses a list of questions or sentences with immediate effect and usually starting with
“What if . . . ”, “What would happen if . . . ”, “Could somewhat or someone . . . ”, “Has someone or
somewhat about . . . ”, to lead the workshop participants systematically through the identification of
the risks. This technique is applied to systems with a minor detail level than the HAZOP technique,
and consequently it could be applicable early in the design process of the projects, when there is less
detailed information, and when the projects are subject to environmental evaluation.

To apply this technique, description of the project (systems, procedures, and so on) is needed, as
well as an experienced project team with knowledge about the infrastructure or facility to evaluate.

The process of the application of this technique is established in workshops where the members
of the team, based on the previous data (risks and hazards known, previous incidents, existing and
known controls, legal requirements, and so on), and through the use of the sentences indicated by the
facilitator, identify the risks, their causes, their consequences, and their planned controls, as well as
the need for additional measures. Sometimes, a qualitative or semiquantitative technique is used to
prioritize the measures identified in the SWIFT technique.

Table 1 shows an example of application of the SWIFT technique for a medium-voltage overhead
power line installation project. In this example, the risk of a fire in a forest area following a lightning
strike on the medium-voltage power line of a solar photovoltaic installation is analysed. Through a
series of “what if” questions, the possible situations and consequences that could happen have been
identified. The most serious consequence would be a fire affecting the forest area, and depending on
the season of the year, also affecting the surrounding agricultural area. Due to this analysis, the initial
preventive measures are reinforced by increasing the safety distance on each side of the power line
projection by 10 m.

Table 1. Example of the application of the SWIFT (Structured What IF Technique) technique. Source:
Prepared by the authors.

Project:
Medium-Voltage Overhead Power Line for the Transfer of Power from the Solar

Photovoltaic Installation “Partida del Olmo”, Located Between the Municipalities of
Alpera and Almansa, in the Province of Albacete (Spain)

Description

The medium-voltage line runs through zones of intensive dry farming (grapevine, cereal, and
olive trees), and a section of approximately 2.5 km runs through a forest zone composed of
medium-height trees (pine and juniper trees) and by low height bushes. It has been considered
a security area of 5 m wide on each side of the projection of the power lines.

Disaster or risk event Thunderstorm. Lightning strikes

What if lightning strikes
on a medium-voltage
pylon during a storm?

The transfer of power is carried out by means of an overhead power line with metal carriers,
with the necessary protective earth elements to transfer the discharge of the lightning to
the ground.

And if the lightning
strikes near the pylon?

The tower has a concrete pedestal that would not be affected by the electrical discharge
produced by the lightning. Near the pedestal and in an area of 5 m wide on each side of the
power line there are neither trees nor bushes, although there can be scrubland vegetation.
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Table 1. Cont.

Project:
Medium-Voltage Overhead Power Line for the Transfer of Power from the Solar

Photovoltaic Installation “Partida del Olmo”, Located Between the Municipalities of
Alpera and Almansa, in the Province of Albacete (Spain)

And if the lightning
strikes during summer?

Since it is a dry farming area, and depending on the rainfall characteristics of the year, it could
cause a fire, which could expand to the surrounding wooded area.

And if the lightning
strikes over the

electrical conductor?

It is unlikely to hit the heads of the towers but, if it happens, the most probable consequence
would be that the catenary wire does not support the impact and the wire falls down, in this
specific point or in another, as a consequence of the effort generated on it.

Summary

Risk: fire in a forest area
Cause: lightning strike over some element of the installation or in its security area
Consequence: fire in the forest area with possibility of growth of fire towards agricultural
areas, depending on the soil moisture and the season of the year.
Planned measures: area of security of 5 m wide on each side of the projection of the power lines
New proposed measures: expansion of the security area to 7 m wide on each side, and
scheduling of the pruning and maintenance tasks of the security area every three months.

4.2. Cause and Effect Analysis Technique

The Cause and Effect Analysis technique is a structured and qualitative method to identify possible
causes of an event or undesired problem, with no quantitative values for the probability of occurrence
of the main event. This technique allows the organisation of possible factors contributing to a cause in
categories, so all the possible hypotheses that may cause the event can be considered. Information is
organized in a tree structure (see Figure 2), or in an Ishikawa or herringbone diagram.

For the application of this technique, a work team with knowledge about the project or system
to be analysed is needed. Initially, the effect to analyse will be defined and situated in a box (the
effect may be positive, namely a goal, or negative, namely a problem). This effect will have some
main causes, and these causes will be formed by several causes or sub-causes. Finally, a diagram
representing possible factors contributing to the effect will be obtained.

Figure 3 shows an example of the application of the Cause and Effect Analysis Technique, where
an event consisting of a gasoil spillage of an oil pipeline during its operation is evaluated. In this case,
the gasoil spillage could be caused by three main events: collision of a vehicle or similar against the
gasoil pipeline, breakage because of the piping overpressure, and breakage as a consequence of a
failure in the execution. These events in turn have causes that generate them until they reach simpler
events, such as human failures or material failure (valves, piping, etc.).

4.3. Scenario Analysis Technique

The Scenario Analysis Technique consists of the development of descriptive models of what could
happen in the future, enabling the identification of the risks through the consideration of possible
future developments and the search for their implications [37]. For the analysis of the risks, scenarios
including “the best scenario”, “the worst scenario”, and “the most probable scenario” can be considered,
to analyse the possible consequences and probabilities of each scenario. This technique is employed
in the planification of strategic actions such as urban planning and sectoral plans, or even in the EIA
process, when evaluating the situation in the null or preoperational status of the environment and its
future evolution if the project is implemented.

For the application of this technique, it is necessary to have a work team with knowledge about the
project as well as the capacity to know how the surrounding environment has evolved, the technology
to apply, and so on, and also the creativity to determine how it could evolve in the future. As it occurs
when predicting the future, the shorter the terms, the more reliable the data and the more truthful the
scenarios considered.
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the authors.

The operation principle of the technique is based in workshops where, once the context of the
problem and the issues to consider are established, the nature of changes that could occur is identified
(technological changes, needs of stakeholders, demographic changes, and so on), and several scenarios
are proposed, describing how these scenarios will be reached from the current status and with which
changes in the corresponding variables. In this case, when several scenarios are evaluated, a qualitative
or semiquantitative method to express the probability of occurrence of each proposed scenario should
be used.

Table 2 shows an example of the application of the Scenario Analysis technique for the case of an
earthquake occurring in an area close to a wind farm. Three scenarios are contemplated. First, the
most probable scenario, an earthquake with a medium-low intensity that affects some elements of the
installation, without causing a breakdown in any of them, but forcing some repair and maintenance
tasks to make the wind farm work again. Secondly, the best scenario, an earthquake with a low
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intensity that would not affect to the surrounding people or environment. Finally, the worst scenario,
an earthquake with a medium intensity, which could generate collapse of wind towers, fall electric
lines, possibly affect wind farm staff or people in general, or affect the environment (oil spills of the
transformation centers, fire on forest areas, and so on).

Table 2. Example of the application of the Scenario Analysis Technique. Source: Prepared by the authors.

Project Wind Farm Located in Anquela del Ducado (Guadalajara, Spain)

Description

It is a wind farm of 64MW composed of 30 wind towers located between the municipalities
of Selas, Mazarete, and Anquela del Ducado, in the province of Guadalajara (Spain). It is a
rural and forestry, very uninhabited zone of the province of Guadalajara between the
municipalities of Molina de Aragón and Alcolea del Pinar.

Event An earthquake of medium-low intensity is produced in the area or near the area.

The most
probable
scenario

The intensity of the earthquake is medium-low, but it affects some elements of the
installation, without causing a breakdown in any of them, but forcing some repair and
maintenance tasks to make the wind farm work again (varying from consequences less
serious, such as setting the turbines and reviews of electrical plants to more serious
consequences, such as dismantling of wind towers or reinforcements on the foundation).
There is no effect on the people, but there can be an effect on the environment, for example,
small oil spills of electrical plants.

The best
scenario

The intensity of the earthquake is low, or the epicentre is far or very deep and vibrations do
not affect any element of the installation of electric energy generation (wind tower,
evacuation lines, power station, and so on).
There is no effect on the surrounding people or environment.

The worst
scenario

The intensity of the earthquake is medium or the epicentre is near and the vibrations affect
elements of the installation: collapse of wind towers, fall of electric lines, and so on.
Major repairs are needed to restart the wind farm again.
There might be an effect on wind farm staff who were making maintenance tasks in the
moment of the earthquake, or to the public at large who were going through the paths of
the wind farm.
There is or could be an effect on the environment: oil spills of electrical plants, fire because
of the fall of electric lines, and so on.

4.4. Failure Mode and Effects Analysis, FMEA Technique

This technique is employed to identify the reasons why components, systems, or processes can
fail regarding the fulfilment of the goals of their study. This technique allows the identification of
all the possible failure modes of a system, the effects of these failures, the mechanisms of the failure,
and how to avoid the failures and/or mitigate their effects over the system [38].

This technique is applicable during the design, manufacturing, or operation of a system, so it
would be applicable during the EIA process stage and could feed back the design regarding its
robustness with respect to major accidents or disasters. Results of this technique may be the starting
point to other quantitative risk analysis techniques, such as the Fault Tree Analysis, and also, if actual
failure estimations are available, it is possible to get a hierarchy of failure modes according to their
importance or criticality. In this case, the technique is called Failure Mode Effects and Criticality
Analysis, FMECA.

For the application of FMEA, it is necessary to constitute a work team expert in the technique,
but mainly in the process, as well as to have all the possible information about the systems, subsystems,
components, and so on. After breakdown of the system is made (similar to a Project Breakdown
Structure, when referring to Project Management), the next step consists of identifying how each
node or component could fail, what mechanisms could generate those failure models, what would
be the effects if the damage was done, if the failure is harmful or harmless, how the failure would
be detected, and so on. With all this information, necessary arrangements to compensate the failure
would be determined.
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Table 3 shows an example of the application of this technique for a failure mode of a component
of a high-speed railway line project. The overpass over existing roads on the mountainside of a
hillock is assessed. The failure mode identified is the outage of the normal operation of the line
due to a flash flood because of the surface run-off from the mountainside of the hillock located
close to the overpass. The application of the FMEA technique allows the identification of the failure
mode, the failure mechanism, the failure type, the failure detection, and the corrective or additional
measures to be implemented. In this case, the cleaning and maintenance of the perimeter ditches are
the main preventive measures, completed with an increase of the monitoring of the node through
surveillance cameras.

Table 3. Example of the application of the Failure Mode and Effects Analysis (FMEA) Technique.
Source: Prepared by the authors.

Project High-Speed Railway Line. Section: Totana-Lorca (Murcia, Spain)

Description
It is a section of the high-speed railway line between Murcia and Almeria, in Spain. The
section is 7.7 km in length and the implementation costs are 68 million euros, between the
municipalities of Totana and Lorca, in the province of Murcia (Spain).

Evaluated
system Overpass over existing roads on the mountainside of a hillock.

Failure mode
Outage of the normal operation of the line (service interruption) because of a flash flood
because of the surface run-off from the mountainside of the hillock located close to the
overpass.

Failure
mechanism

Perimeter ditches are not large enough for the rain (according to the calculations made for
a return period as indicated by standard).
There are no maintenance tasks over the perimeter ditches, and the effective section of this
is not adequate according the calculations.

Failure type

If the failure is produced when no vehicles are circulating, it will be considered as a
harmful failure, and it will directly affect the platform, the ballast, and the sleepers, and
indirectly affect the circulation of trains, with consequent economic losses due to the lack of
operation of the line and the possible users’ complaints.
If the failure is produced when vehicles are circulating, apart from the previous described
failures, a derailment of the convoy could be done, with the consequent property damages
to the convoy and physical injuries to the people travelling in it.

Failure detection

Report from the technical members responsible for the maintenance of the line in case of
severe weather events (established protocols)
Report from the drivers of vehicles driving through the layout (established protocols)
Cleaning and maintenance of the perimeter ditches.

Additional
measures

To increase the regularity of the cleaning and maintenance of the perimeter ditches.
Installation of surveillance cameras to monitor the specific node and take the necessary
previous actions: reduction of the speed of the convoys, closure of the line, submission of
bilge pumps and maintenance equipment, and so on.

4.5. Consequence/Likelihood Matrix Technique

The Consequence/Likelihood Matrix is a technique that allows the combination of different
qualitative and semiquantitative classifications of the consequences and likelihood to obtain a level of
risk or a classification of the risk.

This method allows prioritisation of the risk, that is to say, to classify the identified risks and to
determine if they are acceptable or unacceptable, and also if it is necessary to perform additional or
deeper analysis, or prioritize the mitigating actions. It is a technique that can be used independently or
in combination with other techniques of identification, analysis, and evaluation of risks.

Risks are usually analysed by combining estimates of consequence (also described as severity
or outcome) and likelihood (frequency or probability) in the context of existing control measures.
In general, the magnitude or rating of a given risk is established using a two-dimensional grid or
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matrix, with consequence as one axis and likelihood as the other. In this context, consequence is
defined as the outcome or the potential outcome of an event [39].

The scale of consequence must have different levels, varying from maximum to minimum
consequences, usually employing scales with three, four, or five levels. The likelihood scale can be
numerical or descriptive and must cover a range from the minimum to the maximum likelihood of
occurrence. As in the case of consequence scales, usually three, four, or five levels are employed.

The level of risk results from the combination of both variables, likelihood, and consequences,
as follows:

RLi=Li · Ci, (1)

where Li is the likelihood of the occurrence of a certain situation of risk and Ci is the consequences in
case that situation occurs.

Table 4 shows a possible Consequence/Likelihood matrix, with a four-level qualitative and
numerical scale for both variables (likelihood and consequences). For each combination of different
possibilities for each variable, the risk level is shown (varying from I to V as the risk decreases).

Table 4. Consequence/Likelihood Matrix. Source: Prepared by the authors.

RISK LEVEL
Consequence

Negligible Slight Serious Very Serious

Likelihood

Unlikely 1 2 3 4

Low 2 4 6 8

Medium 3 6 9 12

High 4 8 12 16

Likelihood Scale Description Consequence Scale Description

Unlikely
(1)

The event cannot occur, or the
probability of occurrence is
unlikely

Negligible
(1)

The event does not generate any effect or, if it does,
the system or the environment can be regenerated by
itself immediately.

Low
(2)

The event can occur, but its
probability is low, with an
approximate frequency of
once every five years

Slight
(2)

The event generates small effects that need human
action to regenerate, and recovering is done in a short
term. It does not cause injuries to the human life and
the economic damages over facilities or the
environment are under 10,000 euros.

Medium
(3)

The probability of occurrence
of the event is medium, with
an approximate frequency of
at least once a year.

Serious
(3)

The event generates serious effects that need human
action to regenerate, and a long term for the recovery.
It can generate serious injuries to the people and the
economic effect over facilities or the environment
varies between 10,000 and 100,000 euros.

High
(4)

It is usual that the event
occurs, with a frequency of at
least once a month.

Very serious
(4)

The event generates very serious effects, that need
human action to partially recover, since it is not
possible to completely re-establish the original state.
It can generate deaths of people and the economic
affection over facilities or the environment is over
100,000 euros.

For grading the risk, the scores obtained are classified into the following grades:

V 1–2: Very low risk

IV 3–4: Low risk

III 6–8: Medium risk

II 9–12: High risk

I 16: Extreme risk

At the bottom of the table, all the possible levels of likelihood and consequence scales are described.
Table 5 shows an example of the application of the Consequence/Likelihood matrix for a sewage

treatment plant project. In this case, the risk analysed is the partial or total breakage of an underwater
sanitary because of a shipwreck. The likelihood of this risk is considered “unlikely”, because a
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shipwreck is an unusual event and the underwater sanitary is a lineal infrastructure with a low width.
The consequence classification for this risk is “Serious”, because a spillage of treated water would
increase the concentration of some organic pollutants, and swimming at the surrounding beaches
could be prohibited; also, fauna and flora could be affected. An “Unlikely” likelihood and a “Serious”
consequence, according to the method explained in the Table 4, classify the risk as a level IV.

Table 5. Example of the application of the Consequence/Likelihood Matrix. Source: Prepared by
the authors.

Project Sewage Treatment Plant of Sagunt (Valencia, Spain)

Description Sewage Treatment Plant with a Design Flow rate of 8000 m3/d, Located between the
Municipalities of Sagunt and Canetd’En Berenguer, in Valencia Province, Spain.

Risk Partial or total breakage of underwater sanitary because of a shipwreck.

Description

The risk of partial or total breakage of the underwater sanitary which discharges treated
water to the sea due to a shipwreck is evaluated.
Since the shipwrecks are not usual, the likelihood is considered “unlikely”. Moreover, the
probability diminishes as the sanitary is a lineal and low-width infrastructure.
In case of partial and/or total breakage, treated water would be discharged near the coast. If
the treatment process is correct, this water would accomplish the pollution levels, but due to
its high concentration in some organic pollutants, swimming at the surrounding beaches
could be prohibited; also, fauna and flora could be affected. As a result, consequence is
considered “serious”.

Risk assessment
Likelihood Consequence Level risk

Unlikely Serious IV

5. Discussion

As indicated in the Introduction section, EIA, and Risk Assessment (RA) have a similar procedural
framework. Subsequent to the publication of the European Directive 2014/52/EU, different proposals
for the consideration of RA in the EIA process have appeared, but EIA and RA processes are still rarely
used to complement each other, despite the potential benefits of such integration [29].

Due to this, taking advantage of recent publication of the update of ISO 31.000:2018 standard, the
authors decided to perform an analysis of the 45 risk appreciation techniques included in it, with the
aim of determining its greater or lesser suitability to be used for the identification and assessment of the
vulnerability of the projects to major accidents and disasters, into the EIA process. After the analysis,
5 out of the 45 techniques were selected (SWIFT, Cause and Effect Analysis, Scenario Analysis, FMEA,
and Consequence/Likelihood Matrix) that, in the authors’ view and according to their experience,
could be suitable to help the evaluation of risks in the EIA process. The application of these techniques
has been illustrated through their implementation in five specific projects. For each of the projects
presented here, causes, failure mechanisms, possible scenarios, and consequences of major accident
risk in the EIA process have been identified. Application of these techniques has been done by expert
judgements, and in a qualitative manner. Maybe this is a major constraint of this proposal, since to
apply these techniques an expert in the application of each technique is required. As well, quantitative
techniques are difficult to use, because of the lack of data regarding frequencies or probabilities of
occurrence of the assessed events.

This research is, in this sense, original, since there is no other general proposal like this, arising from
the techniques validated and recommended by ISO 31.000: 2018 standard. This research represents a
contribution in this direction, since our framework facilitated the integration and interpretation of risk
appreciation techniques process and risk management practices into the EIA. The proposed assessment
framework can serve as a useful guideline for practitioners to quantify the potential risks for sustainable
projects and to facilitate the development of adequate risk monitoring and mitigation strategies.

Probably one of the main weaknesses of EIA is the subjectivity in some of the evaluation techniques.
Although there is currently no single widely accepted risk assessment methodology, incorporating
them into the EIA process can increase the objectivity of the process.
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Once the 45 techniques included in [18] have been analysed, and after the selection of five
techniques described in this article, future works can consist of the development of some of these
techniques with the suitable purpose. In line with this approach, some authors have recently published
works that explored the application of some of these techniques in the context of EIA [29]. In particular,
authors have developed a method to facilitate the application of the Consequence/Likelihood Matrix
for the EIA process of construction projects in Slovakia, but, as its authors indicate, it could be arranged
for any other country considering national conditions, requirements, standards, and legislative.

Future research opportunities may include the development of even more detailed parameters
for the evaluation of each vulnerability and risk management technique, and also the comparison of
performance across projects with different risk profiles. Case studies should also consider different
countries’ perspectives to yield interesting insights from other cultures. Moreover, case studies
conducted in different economic and climatic regions may result in different perceptions and effects of
environmental risks [26].

Finally, it would be interesting to apply a combination of some of the five techniques described
in this research to a whole project in order to analyse the results regarding the evaluation of the
vulnerability of the project to major accidents and or disasters.

6. Conclusions

The relationship between projects and their environments, together with the need to achieve
a more sustainable development, has led to new approaches within Project Management, such as
Sustainable Project Management. One of the pillars of sustainability is the environment, and in the
case of the projects of big infrastructures of civil works and buildings, one of the main techniques for
the analysis of the environmental impact is the EIA.

The new regulatory framework about EIA requires an analysis be made of the vulnerability of
the project in the face of major accidents and or disasters, evaluating both the risk and the possible
adverse effects on the environment in case these accidents or disasters occur. This new content must be
included in the EIS, which opens a range of new opportunities of work for risk engineering in such a
multidisciplinary field as environmental impact assessment.

This work proposed five risk appreciation techniques (from among those recommended
in [18]) that could be used for the assessment of major accidents and or disasters in projects for
which EIA has to be carried out: SWIFT, Cause and Effect Analysis, Scenario Analysis, FMEA,
and Consequence/Likelihood Matrix.

The application of quantitative risk appreciation techniques to projects under EIA, particularly in
the basic design of them, that is, when the EIA process is carried out, is often complicated, making the
application of semi-quantitative or qualitative techniques more functional. By incorporating them,
the objectivity of the EIA process would increase.

The proposed assessment framework can serve as a useful guideline for practitioners to quantify
the potential accident risks in sustainable projects, thus reducing unacceptable risks to acceptable
levels and enabling the best option among the proposed alternatives to be chosen.
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