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Abstract: This paper presents an advanced risk management methodology which supports the
planning of the revitalization process of post-mining heaps. More specifically, it supports decision-
makers in the selection of the most advantageous revitalization actions with respect to the defined
criteria embracing risk and cost–benefit parameters as well as different qualitative factors. This
methodology was elaborated with a view to software implementation and is a good example of ICT
adoption in emerging domains of application. The question is how to organize the revitalization
decision process and support it with a software tool. The methodology and tool are based on three
pillars: risk, cost–benefit, and qualitative criteria assessments of the considered revitalization actions
in order to select the target for the implementation of the given heap. This paper presents the
methodology implemented in the software as well as its validation on an extensive example. The
steps described in the example allow the decision-maker to identify a target revitalization alternative.
The conclusions focus on the solution’s feasibility and the software implementation and extensions.

Keywords: risk management; cost-benefits analysis; qualitative criteria analysis; post-mining areas
revitalization; decision support tool

1. Introduction

This paper concerns the adoption of ICT in the revitalization of post-mining heaps
and presents a software tool able to support the planning of the revitalization process.

This article is closely related to the EU RFCS SUMAD (Sustainable Use of Mining Waste
Dumps) project. The project’s goal is focused on exploring the possible uses of areas which
consist of coal-mining spoil with respect to geotechnical, sustainability, environmental,
socio-economic, and long-term management challenges. This objective will be achieved
through the application of risk management and physical or numerical modelling to
different revitalization schemes. The core is technical viability for the development of
renewable energy infrastructure. The input will come from tip operators, developers,
and authorities involved in the project. This way, the undertaken operations will have
maximum possible impact. The project concepts will be tested on a case-study site.

SUMAD is an interdisciplinary project [1]. It combines geotechnical engineering,
geology, ecology, and IT. The author’s organization will provide the software component
called SUMAD RMT (Risk Management Tool), whose role is to support decision-makers in
planning revitalization processes of post-mining sites, particularly spoil heaps. The aim
of this paper is to present the methodology and the general model to be implemented in
this software.

The SUMAD project consortium, embracing R&D institutes and stakeholders from
the UK, France, Czech Republic, Poland, and Greece, represents deep knowledge and
experience in the heap revitalization domain.

There are many synonyms used in research papers that describe activities aimed at
improving the properties of waste dumps, brownfields, etc. The term “revitalization”,
generally broader than “rehabilitation”, is more adequate for describing the activities
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dealing with heap-related risk management in this paper. The heap context is important
here, and the issue at hand is: “what could be done with this spoiled ground?”. Generally,
two options against risks are possible:

• Putting away all spoiled material from the heap, using it elsewhere, and rehabilitating
the area where the heap was placed; it is possible to restore (i.e., to revitalize) this area;
this option is mentioned (Section 2.2.3 of the paper) as “material utilization”; it is close
to the risk management strategy called “risk avoiding”;

• Improving the heap in its place, making the heap the least offensive to the people and
the natural environment, i.e., returning it to the natural environment and restoring
suitable forms of life; in this case, the term “revitalization” is more adequate; this
option is mentioned (Section 2.2.3) as “land development”; the heap is left in its place
and its quality is improved and well-fitted to natural surroundings; in this case, we
focus not only on the quality of the environment and natural balance, but also on the
needs of the local community and the business opportunities; revitalization is close to
the risk management strategy called “risk mitigation”.

Section 1.1 presents the general context of the research and its importance. Section 1.2
discusses and summarizes the current state of the research field. Chapter 2, featuring mate-
rials and methods, presents the SUMAD risk management methodology and the general
model of the tool (Section 2.1), the knowledge base related to revitalization (Section 2.2), and
methodology details (Section 2.3). Chapter 3, discussing the results of the paper, presents
an extensive example of the methodology used (validation). Chapter 4 includes the final
discussion and conclusions.

1.1. Research Context and Importance

Areas and objects degraded by industrial activities, especially mining, constitute a big
ecological problem. In particular, they cause risks to human health, the natural environment,
and the economy. Their revitalization is difficult and costly, requires coordinated and
multidirectional revitalization activities, and has to take into account human factors.

The risks implied by post-industrial objects and areas can be mitigated by the applica-
tion of different revitalization techniques. They should be suitable for achieving ecological
effects and be acceptable from the economic and social points of view. To develop a proper
revitalization strategy, one needs deep knowledge about the revitalized object based on
experiments and analyses. The analyses are multidirectional; they involve risk factors,
financial issues, and social perception. In addition, the decision process is very complicated
and should be supported by ICT. Due to these factors, a software tool has been developed.
This paper serves as an example of the concept of “ICT Adoption for Sustainability”.

The term “sustainability” includes social, economic, and environmental aspects. Some-
times, cultural and political aspects are also distinguished. Generally, societies should
meet not only their current needs, but also ensure resources and good living conditions
for future generations. Economic growth is important but should be bearable for soci-
ety and consider environmental protection. All of these aspects are strongly interrelated,
and all can be supported by ICT. The adoption of ICT promotes economic, social, and
human development, thanks to the available and improved data processing and effective
communication abilities.

Research on ICT adoption concerns all of the above-mentioned aspects of sustainabil-
ity. There are numerous publications in this domain related to particular sustainability
dimensions.

An example of research on ICT adoption, mainly from the social perspective, is
included in the paper [2]. This research is focused on the contribution of ICT adoption to
the sustainability of stakeholders belonging to three groups: enterprises, households, and
governmental units in Poland. This paper supplements previous research, which confirms
that ICT adoption positively influences ecological, economic, sociocultural, and political
sustainability. The presented research is based on survey questionnaires filled in by the
representatives of stakeholders. The levels of sustainability achieved from the adoption of
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ICT and the factors influencing the sustainable information within society are discussed
and concluded in the paper [2].

Economic sustainability concerns long-term economic growth with no negative im-
pacts on society, environment, culture, etc. An example of research in this area is presented
in the paper [3]. The author discusses questionable assumptions and paradigms related to
economic growth and presents some best practices that deal with “green growth”.

Ecological aspects of sustainability are focused on the protection of the natural environ-
ment in harmony with other aspects. Some issues, such as the maintenance or restoration
of ecosystems, the diversity of plant and animal communities, the productive capacity
of ecological systems, greenhouse gas mitigation, climate change, and renewable energy,
have a global character, while others are location-specific, including: soil erosion, water
management, soil quality, and air and water pollution. ICT adoption plays an important
role in all these issues.

The ecological aspects of sustainability encompass the post-mining heap revitalization
issue discussed in this paper. Section 1.3 presents a literature review, including methods,
models, and software tools related to ICT adoption for sustainability in the ecological
dimension, close to this paper’s subject.

The author remarks that the three factors, i.e., risk-related, financial, and social factors,
were considered in the European ValueSec and CIRAS projects [4,5], performed earlier by
the author’s organization. These projects, however, provided solutions for rather different
domains of application, i.e., security of public mass events, public mass transportation, air
transportation/airport, communal security planning, cyber security, and critical infrastruc-
ture protection. For each of these domains of application, tool-based decision frameworks
were developed, allowing for the selection of security measures which:

• properly affect the risk;
• have minimal costs and bring maximal benefits;
• have identified restrictions: social, psychological, political, legal, ethical, economical,

technical, environmental, etc.

1.2. Research Motivation and Objectives

The research objective presented in the paper is in line with one of the project objectives
included in the SUMAD project proposal, i.e., “Develop a global risk management tool
utilizing information gleaned from throughout entire project”. The mentioned information
is related to other project objectives, which concern: heap properties across Europe; the
geotechnical and environmental assessment of heaps; numerical and physical modelling of
spoil material; simulation of the complicated mechanical behavior of spoil material; the
design and test of foundation systems; identification of possible revitalization activities with
respect to different technical, economic, social, political, etc., constraints; an examination
of ground improvement techniques for more sensitive equipment/structures; monitoring
techniques to track the behavior of installed infrastructure; and the introduction of the
geotechnical reliability concept to address issues related to the heterogeneity and variability
present in spoil material, thereby permitting a more accurate geotechnical risk assessment
of post-operational works. The SUMAD research problem is interdisciplinary, innovative,
and broad, but the assumed tool should play the role of “an integrator” of partial issues.

Considering the quantity and diversity of information in the risk management tool is
a challenge and implies that such a tool should be very specific, innovative, and elaborated
from scratch. The research motivation is related to this challenge and need for innovative-
ness; in this respect, there are no ready-made risk management tools that meet the project
requirements, which is confirmed by the literature review, to be presented later. It is a
chance for the paper’s author to contribute to the innovative software developed by the
SUMAD project team.

The paper thesis can be expressed based on the above SUMAD objectives.
It is possible to develop a specific SUMAD risk management methodology (a frame-

work), which must be capable of the following:
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• Support decision-makers in the selection of the most advantageous revitalization
activities for the given heap;

• Consider different heap properties (geotechnical and environmental), heap-related
risk factors, and economic and non-economic constraints;

• Be implemented in software.

This implies the main research questions:

• How can the decision process leading to the selection of the target revitalization
activities be structured? How can input information for the decision process be
identified? How can decision criteria be defined? How can results of analyses be
presented to decision-makers?

• How can heap properties be specified so that they will be necessary and sufficient for
analysts to identify risk factors as well as economic and non-economic constraints?

• How can a risk management framework for software developers be specified?

The research objectives are as follows:

• To develop a specific risk management framework to be implemented in software;
• To validate it on a simplified but complete and representative heap example.

The research challenge is to integrate, in a coherent way, several different partial issues
into one specific risk management framework.

The author’s concept adopts some ideas from the ValueSec/CIRAS projects—by anal-
ogy, the SUMAD risk management methodology will be based also on three pillars: risk
management, cost–benefit analysis, and “soft factors” analysis. Common risk terminology
should be redefined in the SUMAD project domain as well. The revitalized heap and its
environment are the central point of consideration, playing the role of “an asset”. Revitaliza-
tion activities play the role of “security measures”, which mitigate the negative impact of the
heap on the environment and the people. Threats, vulnerabilities, cost–benefit categories,
“soft factors” such as social, political, psychological, etc., factors are also considered here,
but they have quite a different character from that in the ValueSec/CIRAS methodology.

Based on these results, the author’s organization developed SUMAD RMT (Risk
Management Tool), identified the domain data in detail, and validated the tool. Other
SUMAD project members, as domain experts, delivered domain data for the tool and
performed the tool validation on real objects. The SUMAD RMT software is one of the key
results of the SUMAD project.

The author’s contribution, whose initial results were presented in the papers [6,7], is
focused on adopting the ValueSec/CIRAS methodology to a new domain of application,
i.e., the revitalization of post-mining heaps. This idea was included in the SUMAD project,
which is the foundation for the SUMAD RMT implementation.

1.3. Current State of the Research Field

Considering the domain of application, i.e., the revitalization of post-mining heaps, the
SUMAD methodology requires a specific, interdisciplinary approach to risk management,
including technical, ecological, and geotechnical issues.

SUMAD should provide feasible revitalization plans embracing realistic revitalization
techniques, i.e., properly reducing risk caused by the degraded objects that is economically
effective and free of different non-financial constraints. This means that the risk manage-
ment methodology is extended by the cost–benefit analysis and the qualitative analysis
focused on soft factors and decision support.

All these issues are considered in a literature review, which includes heap revitalization
or similar issues.

The continuous process of risk management combines the identification, analysis,
and assessment of potential hazards in a system or hazards related to a certain activity,
risk monitoring, and communication. The standard ISO31000 [8] defines a general risk
management framework.
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The first step is to recognize the risk picture, which becomes the basis for risk control
measures proposed to eliminate or reduce the potential harm to people, the environment,
or other assets. Risk management methodologies are very diverse and applied in many
domains. Some application domains have developed their own methods and tools. Risk
management methodologies and tools are taken up by current R&D projects on the national
and international levels, including the EU level. Apart from that, the following sources
provide comprehensive reviews of R&D results in this area:

• IEC 31010 standard [9], describing about 30 recognized risk assessment methods for
different applications;

• ENISA website [10], including an inventory of risk management/assessment methods,
mostly ICT-focused; different risk assessment methods are grouped into three big
categories: qualitative, semi-qualitative, and quantitative methods;

• The extensive monograph in [11], featuring the risk management issue in a very
comprehensible way; the most representative methods and tools are discussed;

• The extensive monograph in [12], presenting the information security risk management
process, based on the general risk management framework (ISO31000) example;

• Appendix C of the publication [13], providing a comparison between 22 commonly
used risk analysis methods.

The above methodologies were the basis for the elaboration of the SUMAD risk
management methodology discussed in this paper.

The risks identified for the SUMAD project are caused by natural events (flooding,
extreme weather conditions, etc.), technology, practices, processes, products, agents (chemi-
cal, biological, radiological, etc.), and industrial activities that may influence ecosystems,
animals, and people. Therefore, they are, in fact, ecological risks. The assessment of eco-
logical risks is based on a critical review featuring available data for the identification and
quantification of risks associated with a potential threat [14].

Two kinds of analytical tools useful in environmental management, i.e., life cycle
assessment (LCA) and risk assessment (RA), are discussed by the authors of [15]. LCA
considers the product interaction with the environment at different product life stages. RA
considers risks related to the life cycle of a given product. The research is oriented towards
the Eco-Management and Audit Scheme (EMAS) needs. Risk assessment is focused on
revealing the information about the likelihood, severity, and consequences of potential
ecological threats. The paper discusses different LCA and RA tools used in ecology and
their integration. The authors omit financial and non-financial factors in risk management,
which are of key importance in SUMAD.

The guidelines elaborated by the U.S. Environmental Protection Agency (EPA) [16]
were prepared during a period of increasing interest in ecological risk assessment and
reflect input from many sources, both within and outside the EPA Agency. The Guidelines
expand upon and replace the previously published EPA report Framework for Ecological
Risk Assessment (EPA/630/R-92/001, February 1992), which proposed principles and
terminology for the ecological risk assessment process.

The ecological risk assessment process is based on two major elements: characteriza-
tion of effects and characterization of exposure. These focus on conducting the three phases
of risk assessment: problem formulation, analysis, and risk characterization.

The TRIAD approach [17] deals with the revitalization of different sites located in
the USA. According to the primer for the redevelopment of brownfield sites [18] (p. 15),
TRIAD is a dynamic, collaborative approach to site characterization and cleanup. It helps
site stakeholders work toward a cleanup that is faster, better, and cheaper and sets the
stage for appropriate redevelopment. The goal of the TRIAD approach is to manage
decision uncertainty, that is, to increase confidence that project decisions (about contaminant
presence, location, fate, exposure, and risk reduction choices and design) are made correctly
and cost-effectively [19]. The TRIAD approach minimizes the likelihood of mistakes by
cost-effectively supporting the development of an accurate conceptual site model (CSM).
Briefly, a CSM is any graphical or written representation (or “conceptualization”) of site
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contamination concerns: how it got there, whether or not it is migrating or degrading, how
variable concentrations are across the site, what receptors might be exposed, and what
risk-reduction strategies are most feasible [18].

The authors of [20] present a framework for the identification of risk factors in brown-
field redevelopment. The following categories of factors are considered: technical risks,
economic and political, environmental, managerial, and financial factors. These categories
include risk cases, which can be considered in the heap revitalization domain as well.

The authors of [21] also present a framework. It is focused on the preliminary risk
assessment before brownfield redevelopment. The framework is focused on the complex
hazards and environmental legislation. Sixty-five potential hazards were identified from a
comprehensive literature review. They were assessed by domain experts with the use of
questionnaires and statistical methods. The obtained results allowed for the definition of
the framework, which could assist professionals in conducting a preliminary assessment
of brownfield sites. The framework allows them to get informative and rapid guidance
on any potential liabilities or risks related to a site’s suitability for acquisition or redevel-
opment. The SUMAD framework is focused on comprehensive analyses in the specific
domain (heaps).

The researchers in [22] present results of an extensive review of the state-of-the-art
models developed for ecological risk assessment (ERA). ERA is focused on the assessment
of the environmental effects of certain stressors that lead to immediate or long-term damage
or even irreversible harm to an ecosystem. In this domain, “risk” is generally understood
as a combination of the probability of the occurrence of a hazardous event and the severity
of damage or ill health that can be caused by that event. The basic categories of the
considered models are: food-web, ecosystem-based, socio-ecological. They are sometimes
very detailed. Risk assessment involves risk estimation, prediction, communication, and
decision making. These differ from the approach proposed in the paper.

The background against which ecological risk assessment and management has been
developed is discussed along with recent trends in the development of risk assessment and
management frameworks documented in the [23]. Seven frameworks from five different
countries were examined there. All of them are important for science, suggest adaptive
approaches to decision making, and have well-defined analytical steps. Differences in
approaches toward the separation of policy and science, the preference for management
over assessment, the inclusion of stakeholders, the iterative nature of the analytical cycle,
the use of decision criteria, and economic information suggest the considerable evolution
of framework design over time.

The authors of [24] review the development of the ecological risk assessment paradigm
in the United States, identify ways in which it is being applied and adapted in other
countries, explore future research needs and practice improvements, and examine the
current issues that need to be considered in taking forward the scientific development of
ecological risk assessment as a useful environmental management tool.

The article [25] describes the analysis of theoretical and applied aspects of ecological
risk management in terms of coal mining and processing companies, as well as assigns
and solves tasks on the identification of ecological risks, assessment of the probability of
undesired events, determination of the structure of probable damage, assessment of risk,
the estimation of technological and organizational methods and measures of influence
on ecological risk in order to reduce and avoid it, and decision making on the practical
introduction of particular risk management and control measures.

The authors of the paper [26] discuss risk methods applied during the revitalization of
urban areas.

The book [27] is a very comprehensive source of knowledge that deals with ecological
risk management. The considered thematic scope is broad: from the permitted release
of chemicals, effluents, wastes, new organisms; through items in international trade (e.g.,
genetically modified crops); the limitation of loading, remediation, and restoration; per-
mitting and managing land use; up to the management of species. This book does not
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concern the revitalization of heaps directly, but it can be very useful for future users of
SUMAD RMT, when they decide to investigate very specific ecological issues or develop
revitalization plans.

In the book [28], the state of the art of environmental risk management is presented.
It describes contaminated site remediation and used technologies, the in situ remediation
of a reactor, natural attenuation in contaminated soil remediation, ecoengineering tools,
biodegradation-based and other remediation technologies (physical, chemical, electro-
chemical, nanotechnology-related), and remediation management. The book is focused on
technical issues. Certain remediation technologies, specified in the book, are also considered
for heaps in the SUMAD project.

Geotechnical risk is related to the ground and represents probable phenomena which
may have adverse impacts on the projects. An example of the methodology is specified
in the Swedish Report [29]. This methodology, after adaptation, can be used as guidelines
in SUMAD.

The authors of [30] discuss the impact of subsoil condition on a constructed object
with the risk/opportunity management view.

The objective of this paper [31] is to summarize the outcomes of I2Mine (FP7 Intelligent
Deep Mine of the Future) and DynaMine in order to formulate a risk concept suitable for
real-time analysis and to produce a tangible measure of the risk levels. The long-term goal
is to develop a real-time risk management concept for intelligent deep mines. In this paper,
the Fault Tree—Event Tree methodology is proposed, and an example is worked out using
strainburst as a sample risk case.

The decision support tool for the waterfront revitalization oriented towards tourism
is presented in [32]. The research was aimed at identifying the most potential waterfront
typology in this tourism attraction and developing the waterfront sustainable revital-
ization (SWR) index assessment model. This index can be used by policy makers and
urban developers to analyze heritage waterfronts using the Analytical Hierarchy Process
(AHP) method. The authors provide an extensive review of multi-criteria decision-making
(MCDM) methods—candidates for waterfront revitalization assessment. They did not find
any relevant waterfront revitalization decision support tools to evaluate and quantify the
capabilities for attracting tourists using the AHP method. They developed their own AHP-
based method. The authors considered six types of waterfronts, identified factors relevant
to the tourist attraction, performed assessment, and calculated the SWR index. SUMAD
RMT is also designed for a specific domain of application (heaps), which differs from the
one above. A certain analogy to QCA assessment exists (criteria), but the methods are
different. The method in [32] does not consider risk factors and financial factors. SUMAD
RMT provides aggregated information for decision-makers who elaborate their decisions
manually. It is possible to use MCDM methods to support decisions in a more advanced
way, but it is currently out of the project scope.

The authors of [33] consider different kinds of risks related to the restoration of contin-
uous surface lignite mines entering the closure phase. They consider alternative restoration
technologies and investigate their various environmental, technical, economic, and social
parameters. The decision-making process is based on a multi-criteria methodology embrac-
ing the analytical hierarchy process (AHP) to quantify risk factors and the Technique for
Order of Preference by Similarity to Ideal Solution (TOPSIS) to rank restoration alternatives
based on a low-risk approach.

The authors of [34] report their research dealing with the rehabilitation of western
Macedonia lignite mines using the PEST method, which considers political, economic,
social, and technological factors. The research focuses on the following land use cases:
urban and industrial development, green houses, and industrial heritage parks. The
optimization algorithm was elaborated to determine the mix of land uses that maximize
revenue, equity, and natural conservation, and minimize investment. Generally, the authors
analyzed the pros and cons of particular land use considered for the revitalized object.
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The paper [35] focuses on PV installations in abandoned mines. The research concerns
criteria for selecting sites for such an application. The criteria include different environ-
mental, technical, and economic factors. This paper is closely related to the SUMAD
project. The research shows that this is one of the best solutions from the environmental
and economical perspective.

Sustainable Management Approaches and Revitalization Tools—electronic
(SMARTe) [36,37] is a web-based, open source, decision support tool be used by brownfield
revitalization stakeholders. SMARTe is related to the bilateral (USA–Germany) ecological
initiative, with EPA participation. It can be used to develop and evaluate future reuse
scenarios for potentially contaminated sites. SMARTe includes:

• A tool box that includes stand-alone analysis tools and checklists for different revital-
ization aspects;

• An “eDocument”, providing different kinds of information relevant to revitalization,
e.g.,: visioning/planning, environmental risk management, social acceptance, and
economic viability;

• A search engine;
• The “My project” component, which includes a decision support system that helps the

users evaluate and assess the costs and benefits of potential reuse options and helps
them to develop a revitalization plan.

SMARTe is a mature tool which can be used in different brownfield revitalizations,
but SUMAD is designed for specific task—heap revitalization.

The authors of [38] present risk management in the sustainable development of cities.
The article presents an approach based on the Analytic Network Process (ANP) and Political,
Economic, Social, and Technological (PEST) criteria.

The cost–benefit assessment methodology (CBA) is a systematic approach that has
been applied in business and economy for years. It allows for an estimation of the strengths
and weaknesses of alternative solutions, actions, requirements, etc. This technique enables
the identification of options for a given application domain, making it possible to work out
the best approach for the domain, i.e., the one with biggest benefits in terms of labor, time,
cost savings, etc. [39]. The purpose of CBA is to calculate the costs and benefits of different
options and to compare the results in order to arrive at the right decision. The decision may
concern, particularly, the countermeasures selection during the risk management process.

The cost–benefit and qualitative criteria issues, with respect to the selection of security
measures, were initially discussed in [40,41] within the ValueSec project.

Out of the reviewed approaches, there is not a single one that would consider three
kinds of factors: mixed-risk, financial, and non-financial factors, and none would be fo-
cused on the revitalization of the post-mining waste dumps. Ecological and geotechnical
methodologies, research, and experiments carried out by the SUMAD consortium will pro-
vide domain data for the tool to predefine threats, vulnerabilities, scenarios, risk measures,
and revitalization techniques. The most similar toolset to SUMAD RMT is SMARTe, but it
is not focused on the very specific domain of heap revitalization.

2. SUMAD Risk Management Methodology and Concept of Its Software
Implementation
2.1. Methodology and Concept of SUMAD RMT

The character of the methodology is implied by problems related to the heap revital-
ization process.

1. Heaps may cause many kinds of risks to their environment, especially to people living
in the surrounding areas. These risks should be properly analyzed and mitigated
by proper revitalization activities. To perform this task, a special software module
called RRA (Risk Reduction Assessment) will be developed. RRA is able to elaborate
a comprehensive risk picture related to the heap before revitalization actions (called
inherent risk) and after them (called residual risk).
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2. Heaps generate different costs but sometimes, especially after their revitalization, also
certain benefits. To assess the financial aspects of the revitalization process, a special
analytic module, called here the CBA (Cost–Benefit Assessment), is planned. The
CBA module will allow for the specification of several financial parameters related
to the heap before and after revitalization actions and for the calculation of basic
indicators for the purpose of assessing the revitalization investment efficiency, such
as the NPV, IRR.

3. Generally, heaps are cumbersome for the environment and for people living in sur-
rounding areas. Many diversified issues are hard to express as risk or financial
categories. These issues have a social, political, and psychological, character, among
others. To capture these issues and to predict their negative or sometimes positive
impact, the QCA (Qualitative Criteria Assessment) module will be elaborated. The
QCA module will allow for the identification of non-financial factors related to the
heap before and after revitalization actions.

4. To perform the above-mentioned, complex, multidirectional analyses (RRA, CBA,
QCA), the tool should be able to specify detailed characteristics of different kinds
of heaps. For this reason, the HP (Heap Properties) module is designed. The HP
includes the extensive and diversified set of parameters characterizing the revitalized
object and its environment (localization, owners, morphology, geology, pollutants,
etc.), ensuring input for other modules.

5. During the revitalization process, the package of diversified ERTs (Elementary Revi-
talization Techniques) should be applied. The issue is how to identify this package,
which should be the most advantageous for the given heap and should meet differ-
ent stakeholders’ requirements. This package expresses activities applied to achieve
the assumed revitalization effects with respect to the planned land use, risks, costs,
benefits, and different constraints. Decision-makers can define several packages of
ERTs called Revitalization Alternatives (RVAs) in this paper. These RVAs are subjects
of the RRA, CBA, and QCA analyses. To properly manage RVAs, RAC (Revitalization
Alternative Composer) is designed. RAC allows for the specification of the initial
set of revitalization techniques, usually applied ad hoc before the officially planned
revitalization process begins (called “zero” alternative RVA (0)), and the specifica-
tion of several Revitalization Alternatives RVA(1 . . . N−1), which are the subject of
multidirectional analyses, in order to select the most advantageous among them for
implementation (target RVA).

6. The number of terms related to the analyses that lead to the selection of the tar-
get RVA (threats/hazards, vulnerabilities, consequences, Elementary Revitalization
Techniques, cost–benefit categories, QCA categories) is huge, and it would be very
troublesome for decision-makers to define them ad hoc. For this reason, a knowledge
base comprising a coherent and categorized set of terms related heap revitalization is
developed. This knowledge base is managed by the PDM (Predefined Data Manager).
The PDM maintains a common set of predefined data for any revitalization project to
be shared with other modules while the revitalization plan is elaborated. It plays the
role of the project domain knowledge base.

7. The results obtained from RRA/QCA/CBA analyses are relatively complicated. They
should be aggregated and properly presented to decision-makers. This is ensured
by the DMAV (Data Management, Aggregation, and Visualization) software module.
DMAV supports decision-makers by presenting ordered information as the input to
making decision-related RVA selection for the implementation and generation of the
revitalization plan.

8. Assessments of risk factors (likelihood, consequences) during the risk analysis (RRA)
are burdened by uncertainty. To reduce this uncertainty and to raise the accuracy
of the analyses, a historical database that includes past heap incidents may be very
helpful. This role is played by the HEIR (Heap-related Events and Incidents Registra-
tion) facility. HEIR allows the registration of any historical data related to different
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heaps in the world, especially the revitalized ones. When the given risk scenario
<threat/hazard-vulnerability> is considered with the use of RRA, the related incidents
can be presented to people who make the analysis. They can modify the preliminary
assessment while taking into account the past events.

9. The presented methodology (a decision framework) is designed to be implemented in
software. For this reason, an extra functionality in the software will be necessary. This
is called the Common facility. The Common module consists of administration, user
access control, management, and reporting functionalities.

It is possible to extend SUMAD RMT with two additional options in the future:

10. Revitalization decisions made by decision-makers, even when supported by DMAV,
are still complicated. For this reason, an extra supporting tool based on the classical
AHP concept is proposed. AHP allows for the assessment of considered RVAs with
respect to the criteria based on the RRA/CBA/QCA analyses results.

11. The SUMAD project scope ends with the elaboration of the revitalization plan based
on the selected RVA. To extend the tool in the future, a dedicated PES (Performance
Evaluation Subsystem) can be proposed to monitor the revitalized object and to
suggest its corrections and improvements. This issue is discussed in [7]. This PES can
be integrated into a system which monitors the physical parameters of the revitalized
object.

These two optional modules will not be discussed in this paper. The above-mentioned
modules are shown on the UML (Unified Modelling Language) class diagram (Figure 1).
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The main analytical modules are RRA, CBA, and QCA. They are called “pillars” of the
applied advanced risk management methodology. Revitalization techniques grouped in the
revitalization alternatives play the role of “measures” in risk terminology. Revitalization
alternatives are assessed with respect to the risk reduction ability (RRA), the cost–benefit
assessment parameters (CBA), and different qualitative constraints and opportunities.
Figure 1 specifies the kinds of information passed between functional blocks. PDM and
HEIR include common data (knowledge base) for all managed projects. HP specifies a
given heap to be an object of revitalization. To compose revitalization alternatives from
elementary ERTs, RAC is designed. DMAV is a tool that directly supports decision-makers
in selecting the most advantageous (risk, cost, constraints) alternative for implementation.
Two other optional modules, PES and AHP, are not discussed in this paper. Figure 1
presents information flows in SUMAD RMT as well. The Common module will provide
the basic functionality to manage the software and its users, i.e., establishing roles and the
project team, managing operation logs, communications, reporting, etc.

2.2. Common Knowledge Base

SUMAD RMT will be able to manage many revitalization projects in the same domain
of application. All these projects are based on very similar data. To manage and share these
common data, two modules, PDM and HEIR, are developed.

2.2.1. Common Knowledge Base of Incidents

HEIR allows for the registration of heap-related incidents and the building up of
statistics on this basis. Incidents are identified as threats/hazards during incident reporting.
Knowledge related to their occurrences and impacts is used as a feedback for the risk
analysis to reduce the uncertainty of assessments performed by risk analysts.

2.2.2. Common Knowledge Base of Predefined Domain Data Dealing with Risk Factors

PDM involves reusable domain data related to threats/hazards, vulnerabilities, revi-
talization techniques, cost–benefit categories, non-financial criteria, and utility functions
(UF). Particular predefined items are shared upon demand from different, mostly analytical,
modules of SUMAD RMT.

PDM includes numerous items considered to be threats/hazards, ordered by category
and subcategory.

Threats/hazards to the heap include two categories:

• Environmental factors, including:

# Atmospheric factors: cyclic heating, cyclic thawing, hailstorms, oversized rain or
snow, air pollution, smog, etc.

# Geological factors: slope instability, ground instability, earthquake, tremor, exces-
sive rock pressure, erosion, discontinuous deformations, settlement, etc.

# Hydrological factors: internal drainage, acid rock drainage, cyclic drying/wetting, etc.

• Human actions:

# Starting a fire: spontaneous combustion, smoldering waste, self-heating,
bonfires, etc.

# Littering: biodegradable or non-degradable objects (different kinds).
# Material theft, e.g., coal, plants, soil.
# Uncontrolled sport activities: motocross/quads racing, biking.

Threats/hazards to the heap environment include:

• Environmental physical threats:

# Fire hazard to forests or buildings.
# Explosion hazard.
# Hydrological hazard: ground water pollution, surface water pollution, acid rock

drainage, high salt wash-off, etc.



Sustainability 2022, 14, 2492 12 of 33

• Pollution hazards:

# Air pollution: carbon monoxide, bad smells.
# Corrosive materials, e.g., chemicals, acids.
# Ignitable materials.
# Radioactive materials.
# Toxic materials.

Examples of threats/hazards to the revitalization alternative are:

• Ground instability: landslides, gullies, wrong geometry of slopes, muddy flows,
improper parameters of heap base materials.

• Combustion and fire-related factors: fire on the heap or its environment.

Threats/hazards to the revitalization alternative imply the kind of activity or facility
for the revitalized heap. For example, for wind turbines placed on the heap, the following
factors should be considered: failures such as blade throw, fire, icing, ice throw, etc.; for
photovoltaic panels—fire should be considered.

Predefined vulnerabilities can be related to:

• Different kinds of surface or ground erosion,
• Heap instability caused by:

# Dynamic forces, e.g., blasting forces or seismic activity.
# Foundation strengths: grain size, density, moisture, kind of materials, spoil depth.
# Ground and water condition: permeability, vegetation, topography, rainfall,

drainage.
# Spoil dump geometry.
# Spoil strengths: creep, grain size, weathering, moisture.

• Fire and explosions.
• Water or soil pollution from materials or chemicals.

For risk scenarios, some attributes (keywords) describing consequence categories
are predefined:

• Environmental impacts: air pollution, water pollution, dust, gas production, soil
contamination, detrimental smells.

• Physical impacts: damage of buildings and technical infrastructure, landslides, discon-
tinuous deformations, slope instability, changes in hydrological conditions, combus-
tion of materials.

• Others, such as human casualties.

2.2.3. Common Knowledge Base of Predefined Domain Data Dealing with
Revitalization Techniques

Elementary Revitalization Techniques (ERTs) are divided into two general categories:

• Material utilization (heap is considered a source of different materials to be used
elsewhere), e.g., for levelling, concrete production, pavement construction, backfilling
or stowing in mining, for railroad or road construction, dams.

• Land development (the heap will be left in its place but will be considerably improved
and modified for future useful applications in business or for citizens), e.g.,

# Ground improvement: securing technical infrastructure, soil cleaning, pollution
elimination, revegetation, communication and drainage systems.

# Hydrological improvement: alteration of drainage or flow management, plugged
drains, construction of hydro-technical devices for biological treatment, agricul-
ture, or forest reclamation.

# Industrial application: photovoltaic installations, wind turbines, coal recovery,
heat pumps, logistic storage, factory buildings, transport facilities.

# Agriculture and biodiversity application: animal farm, bee garden, biomass
production.

# Applications for citizens: sport, residential buildings, recreation, cultural purposes.
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2.2.4. Common Knowledge Base of Predefined Domain Data Related to CBA Categories

Three main categories for CBA are distinguished:

• CAPEX (CAPital EXpenditures), comprising:

# Initial costs: bidding, preparing preliminary studies, licenses, personnel, training.
# Infrastructure costs: design and construction, installation, leasing.
# Logistic costs: storage and transportation.
# Maintenance costs: initial and spare parts.
# Planning costs: design, experiments and tests, market research, project manage-

ment, travel, personnel.
# Procurement costs: equipment, service, construction, documentation.
# Integration and setup costs related to equipment, services, personnel, subcontracting.

• OPEX (OPerating EXpenditures), consisting of:

# Direct costs: insurance, licenses, permits, logistic, subcontractors and services,
safety and security.

# Supplies: energy, water, communications.
# Different kinds of economic losses related to business profits, image, customer

acceptance, quality of life, theft.
# End-of-life costs: disassembly, recycling, personnel.
# Different kinds of maintenance costs: equipment, facilities, services, personnel,

spare parts, unscheduled activity.

• BENEFITS, including:

# Direct benefits: value of produced energy, sold materials from the heap, entrance
tickets, etc.

2.2.5. Common Knowledge Base of Predefined Domain Data Related to QCA Criteria and
Utility Functions

Currently, nine groups of QCA categories, each with assessed criteria, are distinguished:

• Society-related: acceptance of revitalization activity, living conditions, changing be-
havior of local community, job quality, labor market, positive or negative emotions,
education, knowledge, promotion of the municipality, social cohesion.

• Individual person-related: risks and opportunities for individuals, personal invest-
ments, physical health, mental health (well-being).

• Laws and regulations: law compliance, regulations for potential damage and other
compensations, suitability.

• Rights and ethics: transparency, lawfulness, innovativeness and constructiveness,
professionalism.

• Politics: complexity of decision processes, local election chances, international coopera-
tion/effort, NGO compatibility, responsibility, trust, visibility, publicity, and democracy.

• Economics (indirect, externalities): chances of getting additional funds, sources of
financing, business reputation or overall performance, general investment climate,
economic stability, revenues, potential losses, value of local properties.

• Technology and science: scientific or technological development, standardization,
usability of technology, availability of technology, dependency of technology, public-
private partnerships, technical limitations, spatial conditions.

• Environment: aesthetics and sensual conditions (sight, smell, sound), climate condi-
tions, hydrological conditions, natural environment, cultural environment, current
land use, hidden/side effects, movements/mobility, waste management.

• General principles: applicability, feasibility, effectiveness, time efficiency.

PDM includes predefined utility functions (UF). Their shapes express the character of
impact of the given criterion during the QCA assessment.

All PDM data can be easily modified or supplemented by new items on requests from
people performing the analyses. Their versioning should be possible.
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2.3. Management of the Revitalization Project

Figure 2 presents how the given revitalization project is managed within this framework.
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The activities (steps) presented here are typical. No horizontal interactions between
the RRA, CBA, QCA analytical components are needed. They work independently and
provide their “aggregated results” to the higher layer (DMAV), where they are visualized
to the decision-maker.

Please note that the presented methodology includes three main steps:

• Identification of the heap to be revitalized;
• Composing and analyzing the alternatives;
• Decision making.

All activities are presented below in separate sections.
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2.3.1. The Revitalized Heap Specification

The revitalization project deals with one heap and starts with an analysis of the
stakeholders’ needs and expectations related to future land use, technical requirements and
constraints, legal and regulatory requirements, detailed identification of the heap and its
environment, etc.

All this information is specified with the use of the HP module. As a result, a very
detailed specification is elaborated, which includes:

• Administrative records containing owner, localization, etc.
• Geometrical parameters, including area height, volume, shape.
• Geological parameters, including age, critical water contents of fine-grained soil,

consistency, particle size, compressibility, stiffness, cohesion, structure, kind of heap
material, technical conditions, surface usability.

• Pollutants related to ignitability, corrosivity, radioactivity, reactivity, toxicity, littering,
including bulky waste as well as biodegradable and non-degradable materials.

• Heap environment records, including landscape characterization, climate parameters,
air pollution status, vegetation and animals (especially protected ones), surrounding
water, protected areas such as culture heritage or nature.

Apart from these issues, the revitalization preconditions are specified, including:

• Legal restrictions.
• Revitalization actions launched up until now, usually ad hoc.
• Available financial, technical, and operational resources.

2.3.2. Identifying and Planning the Revitalization Alternatives

This task is performed twice:

• Before the risk analysis—to identify the current revitalization status (the so called
“zero” alternative) prior to any planned actions.

• After the risk analysis—to propose means (ERTs) of reducing the identified risks
caused by the heap.

The project team is able to identify any revitalization activity performed in the past as
the “zero” alternative RVA(0), which will be a reference point for any planned revitalization
activity. Revitalization alternatives are created with the use of the RAC facility. RV(0) and
other RV(i) (i = 1 ... N−1) have the same data representation, containing: the RV name,
description, and the set of ERTs, downloaded from the PDM knowledge base (Section 2.2.3).

RVA(0) is a subject of the RRA, CBA, and QCA analyses.

2.3.3. Preliminary Risk Analysis

The general model of the RRA is shown in Figure 3. It is based on the consequence
probability method [9].

Figure 3 includes a UML class model. A class represents an object or a set of objects
with a common structure and behavior. They are represented by a rectangle whose rows
are class names, attributes, and operations. The diagram shows the main RRA classes and
the relationships between them (associations with roles and multiplicities, information
flows). The risk analysis team focuses on the pairs <threat/hazard—vulnerability>, called
here risk scenarios, and assesses the related likelihood and consequences. As a result, the
risk value is calculated as their product.

Threats/hazards and vulnerability items are predefined in the knowledge base (PDM)
and the analysts (people performing the analysis) select the right pairs for analysis with
respect to the characteristics of the heap and its environment. It was assumed that the
threats and hazards categories are considered in the same way (Section 2.2.2).
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The RRA module is able to analyze risk factors for the heap, its environment, and
those related to the revitalization alternatives (in both directions: from alternative to the
heap and its environment, and vice versa).

Additionally, for each scenario, a textual description and some predefined attributes
describing consequence categories may be added to refine this scenario. They play the
role of keywords, which may be used to make relations between incidents and scenarios
more precise.

The Likelihood (L) and Consequence (C) input parameters are expressed with the
use of configurable scales: (Lmin ... Lmax), (Cmin ... Cmax). It implies that risk value,
calculated as RV = L× C, is also expressed in the predefined scale: (RVmin ... RVmax), where
RVmin = Lmin × Cmin, and RVmax = Lma × Cmax.

The L, C values are assigned by the people performing the risk analysis (usually
through brain storming) on the basis of the characteristics of the heap, its environment, and
optionally, the revitalization activity. Assessment scales have interpretations of particular
enumerative values to decrease the subjectivity of assessments and to unify verdicts.
Interpretations concern the range of losses in different categories (Figure 3): financial, image,
health and life, environmental values, etc. The verdicts should be justified considering the
scenario’s context. All scales and interpretations are common for the revitalization project
and are configured before the project is launched.

To increase the preciseness of the assessment verdicts (to reduce the assessment
uncertainty), the HEIR facility (Section 2.2.1) may be helpful. As for the past incidents
related to the considered scenario, their frequency and consequences may help the analyst
to reduce the uncertainty of the assessed L and C. There are relationships between incident
records and risk scenarios in the proposed SUMAD methodology.

The RRA module is also used to assess risk related to the revitalized heap for any
proposed alternatives.

The RRA analysis is focused on the given RVA coincidently with the heap characteris-
tics. The risk reduction can be determined by comparing the risk value for RVA(i), (i > 0),
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i.e., the residual risk, with the inherent risk value for RV(0). The RVA ability to reduce risk
is a very important parameter of the decision-making process.

2.3.4. Cost–Benefit Assessment

Generally, a cost–benefit analysis is the process of comparing the projected or estimated
costs and benefits (or opportunities) associated with a project decision to determine whether
it makes sense from a business perspective [42].

Any revitalization project is considered from a certain business perspective. The CBA
module provides financial information to decision-makers, allowing them to assess:

• The current financial status of the heap (cost, benefits), when basic, necessary, ad hoc
activities were performed (RVA(0)); it is a reference status;

• The financial status of the heap after the implementation of each planned revitalization
alternative (RVA(i), i > 0).

Comparing the financial parameters achieved by RVA(i) with the reference parameters
(RVA(0)), the decision-maker is provided with important information to select the right
RVA(i) for implementation.

The CBA module of SUMAD RMT is based on the idea of the CBA tool elaborated by
the ValueSec project team [40,41], but it is adapted to quite a different domain of application.

The CBA framework looks similar to a matrix and is shown in Figure 4. The rows
include three configurable groups of categories and subcategories (CAPEX, OPEX, and
BENEFITS). The analyst selects and downloads these categories and subcategories from the
PDM knowledge base according to his/her needs (Section 2.2.4). The columns represent a
time span of the analysis and are partitioned into quarters or years. The analysis requires a
setup of analytic parameters (currency, discount rate, budget, constraints) in the beginning.
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The CBA tool allows for the calculation of the different indicators related to the
investment efficiency, such as the NPV (Net Present Value), BCR (Benefit Cost Ratio), or
Pay Back Period. The analyst plans cost–benefit variables represented by categories in
the time span and calculates these indicators. Sometimes he/she performs a sensitive
analysis. Such analyses should be repeated for any RVA(i), where i >= 0. It is difficult to
obtain representative financial parameters for RVA(0). In this case, approximate lump sums
are enough.

2.3.5. Qualitative criteria assessment

It is possible that the considered revitalization alternative is able to properly mitigate
risk and has promising financial parameters, but it cannot be implemented due to social and
political factors, among others, which reduce its effectiveness. These factors are assessed
with the use of the qualitative criteria (QCA) module.

QCA provides non-financial information to decision-makers, allowing them to assess:

• The current constraints, opportunities related to the heap, for (RVA(0)); it is a
reference point;

• The constraints, opportunities concerning the heap after the implementation of each
planned revitalization alternative (RVA(i), i > 0).

Comparing the status (a set of parameters) achieved by RVA(i), (i > 0) with the reference
parameters (RVA(0)), the decision-maker is provided with important information before
selecting the right RVA for implementation (a target RVA).

The QCA framework is represented by the matrix, shown in Figure 5. The rows
include groups of criteria (here: three groups). Each group may contain a certain number of
criteria (here: three for Group 1, four for Group 2, and two for Group 3), which are assessed
by the analyst. Each group has a weight assigned and the sum of the group weights should
be 100%. Similarly, each criterion belonging to the group has a group weight assigned, and
their sum within the group should be 100% as well.
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The analyst selects and downloads these groups from the PDM knowledge base and a
certain number of criteria of each group according to his/her needs (Section 2.2.5).

After downloading the criteria, the analyst should properly configure weights. Next,
he/she assigns verdicts using a predefined enumeration scale (e.g., Very negative|Negative|
Neutral|Positive|Very positive). On the basis of verdicts and weights, values for each
group are calculated as well as the total value (a sum) for the given RVA. Introduced verdicts
are in red italics, obtained results in bold green italics. Additionally, each criterion has
utility functions (UF) assigned. Utility functions in SUMAD are used to measure different
kinds of preferences represented by qualitative criteria with respect to revitalization actions.
They are also predefined in PDM. These UFs are used in the above-mentioned calculations,
helping to express the character (linear, non-linear) of impact of the given criterion. Utility
functions translate the qualitative characteristics of a criterion into a normalized scale. A
value x assigned by the analyst is an argument of UF. The value y = UF(x) and the weight
are used in calculations.

2.3.6. Establishing a Certain Number of Revitalization Alternatives and Assessing Their
Properties with Respect to the “Zero” Alternative

After assessing RVA(0) with the use of RRA, CBA, and QCA, the analyst defines
a certain number of revitalization alternatives that meet the revitalization strategy and
consider the future land use. They are elaborated with the use of the RAC module in the
same way as the RVA(0).

Each of them should be assessed with the use of RRA, CBA, and QCA, producing
aggregated data for the decision-making process.

2.3.7. Decision-Making and Issuing Revitalization Plan

Generally, the most advantageous RVA should be useful and able to reduce the risk. It
should generate with minimal costs, bring maximal benefits, be free of limitations, and be
acceptable to people and stakeholders. The issue is how to identify this target RVA.

This decision is supported by the DMAV module, which allows for the aggregation
and visualization of the most important data (parameters) from all analyses. These data are
analyzed with respect to the revitalization objectives, constraints, and land use.

3. SUMAD Risk Management Methodology Validation

The SUMAD advanced risk management methodology that supports decision-makers
should be validated before its implementation as the SUMAD RMT software tool.

In this paper, a simplified example of this validation is presented. An extensive and
detailed validation is performed by the project consortium members.

The validation criteria can be expressed as follows:
Successfully performing all operations presented in Figure 2 and providing com-

plete aggregated results of these operations for the decision-maker to allow him/her
to select the target revitalization alternative for implementation, i.e., to perform the
following operations:

• Heap properties identification;
• Initial RRA, CBA, QCA analyses related to current state;
• Proposing a certain number of revitalization alternatives for consideration;
• Assessing these alternatives with respect to the risk reduction (RRA), financial (CBA),

and non-financial (QCA) parameters;
• Providing the aggregated data from the analyses to the decision-makers in order to

select the target solution for implementation according to the assumed criteria.

The validation includes all relevant steps of the SUMAD RMT methodology presented
in Section 2.3 with the use of data described in Section 2.2.
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3.1. The Revitalized Heap Specification

Let us assume a hypothetical heap (called HH), described below. Its full identification,
involving all properties mentioned in Section 2.3.1, cannot be presented here. In this paper,
the author focuses on its summarized description and on its key properties.

Please note that some statements below have been tagged by a risk analyst. The risk
analyst subsequently added some tags to the heap description during the RRA, CBA, and
QCA analyses to identify essential information for these analyses. The following labels
were used:

• {ERTi}—because the statement implies, directly or indirectly, the given Elementary
Revitalization Technique (see Sections 3.2 and 3.6);

• {RSj}—because the statement implies, directly or indirectly, the given Risk Scenario
(RSj) (see Sections 3.3 and 3.6);

• {CBAk}—because the statement implies, directly or indirectly, the given cost or benefit
categories (see Sections 3.4 and 3.6);

• {QCAl}—because the statement implies, directly or indirectly, the given qualitative
criteria (see Sections 3.5 and 3.6).

The heap properties can be expressed as follows:
The mining HH waste landfill, relatively young {RS3}, was established in the period

1986–2010.
The waste consistency is characterized as a mixture of roof rocks, floor rocks, coal

overgrowth, and the vast majority are represented by: claystones, stigmaria soils, clay
siderites, occasionally mudstones and—rarely—sandstones. The main heap materials are:
gravel, loam, and shales and have rather poor geological parameters; {RS3}, {RS7}, {RS8}.
On the east slope, a certain amount of coal waste is included; {RS5},{ RS6}, {RS9}.

The waste has the following shape parameters:

• Area: 90 (ha);
• Average angle of slope: from 1:3 to 1:6;
• Height: ca. 30 (m);
• Volume: 30 million (m3).

HH is located in the zone where the concentrations of SO2, NO2, CO, and benzene
do not exceed the lower assessment threshold, while the concentration of PM10 dust is
between the upper and lower assessment threshold.

The main pollutants are: water reactive materials such as CaO, MgO, K, Na, inor-
ganic toxins such as As, Ba, Pb, and organic toxins such as Carbon Tetrachloride, Chloro-
form {RS8}.

Rare vegetation, {RS1}, {RS2}, includes the natural succession of shrubs and rushes.
Wildlife mostly includes amphibians, land fowl, water fowl, and small herbivore mammals.

The surrounding water includes: an artificial watercourse reservoir flowing along the
southern foot of the HH, a drainage ditch running from SW to NE, a small natural lake, a
catchment of three small rivers.

The annual meteorological average data are:

• Wind: 2.0–5.3 (m/s); dominant wind direction is south;
• Rainfall: 630 (mm); oversized rain during the summer, {RS2}, {RS7};
• Insolation: 1060–1110 (kWh/m2);
• Temperature: 8.1 (◦C); in this region, a high amplitude of annual temperatures is

observed {RS1}.

The agricultural landscape exists around HH, with a small share of forest communities.
On the eastern side of the heap, 600 m from its edge, there are residential buildings of
farms, magazines, railway, local roads, and further, a shopping center. There are no cultural
heritage objects within the zone experiencing the environmental impact. Sometimes, illegal
moto-crossing is organized, {RS4}.
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Limited past revitalization actions include:

• Ad hoc partial afforestation, soil cleaning {ERT1}, {ERT2},
• Levelling of degraded areas, concrete production {ERT3}.

3.2. Identifying Current Revitalization Activities

Regarding the above heap description, RVA(0) is composed of the following ERTs,
shown in Table 1. It is the “zero” alternative.

Table 1. RVA(0)—Current revitalization activities.

Label Elementary Revitalization Techniques

ERT1 Decreasing the heap volume by ca. 10% and using this material for
levelling the external degraded areas and for concrete production

ERT2 Partial afforestation
ERT3 Experimental soil cleaning

3.3. Preliminary Risk Analysis (RRA)

This analysis concerns inherent risk related to the heap in the current state, with some
ad hoc revitalization actions already accomplished—comprising the RVA(0) alternative.

Let us assume the predefined scales for the risk assessment:

• For Likelihood (L):

1. Nearly impossible;
2. Low;
3. High;
4. Almost certain.

• For Consequences (C):

1. Negligible;
2. Low;
3. High;
4. Critical.

This means that the Risk Value RV = L × C is in the range from 1 to 16. Let us
assume that:

• RV from 1 to 3 is “Acceptable” risk—it will be marked green;
• RV = 4 or 6 or 8 is “Tolerable” (usually monitored)—marked yellow;
• RV = 9 or 12 or 16 is “Unacceptable” (should be mitigated)—marked red.

Table 2 presents a certain number of risk scenarios, RSj, and their assessment (inherent
risk, which deals with RV(0)). These scenarios are identified by the risk analyst on the basis
of the heap description.

In Table 2, some simplifications are applied with respect to the designed SUMAD RMT:

• Justifications of the L, C verdicts are omitted; the above L and C measurement scales are
very general because they should match any risk scenario; to raise the preciseness in the
designed software, the L and C verdicts should be precisely justified/interpreted in the
context of a given risk scenario and heap properties (including physical parameters),
which requires deep domain knowledge from the analyst; for such cases, different but
relevant factors should be taken into account: the frequency of events/phenomena,
impacted areas or assets, exposition to a threat, motivation of the threat agent, etc.;

• Support by the HEIR module; to decrease the uncertainty in the designed soft-
ware, the analyst can review past incidents related to this risk scenario (frequency,
consequences).
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Generally, nine scenarios were identified:

• Four were “Unacceptable”, 44% of scenarios;
• Three were “Tolerable”, 33% of scenarios;
• Two “Acceptable”, 22% of scenarios.

Table 2. Preliminary (inherent) risk analysis—an exemplification.

Label Threat/Hazard Vulnerability L C R Impact

Risk scenarios concerning the heap
RS1 Cyclic heating Vuln. to surface erosion 3 2 6 1 Heap surface deformation
RS2 Oversized rain Vuln. to splash erosion 3 3 9 Slope deformation

RS3 Settlement Low geotechnical
parameters 3 4 12 Instable heap surface

RS4 Quads/motor
racing Uncontrolled access 3 4 12

Slope instability
Landslides

Human casualties

RS5 Smoldering Coal availability 1 2 2 Detrimental smells and a nuisance to
nearby residents

RS6 Material theft Coal availability 4 4 16 Uncontrolled destruction of slopes
or surface

Risk scenarios concerning the heap environment

RS7 Cyclic wetting Water permeability 1 4 4
Subsidence basins around the heap

Increased soil moisture,
Increased 1st aquifer

RS8 Toxic materials Water permeability 2 3 6
Landfill leachate containing

dangerous substances
Groundwater pollution

RS9 Starting a fire
Coal availability—possible
spontaneous combustion

from coal
1 1 1 Burning down the buildings

around the heap

1 Unacceptable risks are marked red. Tolerable risks are marked yellow. Acceptable risks are marked green.

3.4. Preliminary Cost–Benefit Analysis (CBA)

The CBA analysis for RVA(0) is specific and is based on historical financial data. It can
be performed roughly because usually, there are no complete historical data. It is focused
on identifying the lump sums related to the main cost categories and to the benefits, if
such exist. CBA is exemplified in Figure 6, which also shows the analyses for RVA(1) and
RVA(2), discussed later.

The first column specifies some examples of categories and subcategories for CAPEX/
OPEX/BENEFITS, downloaded from the knowledge base by the analyst as relevant for the
given revitalization project. For RVA(0), some values are identified (in the used currency).

With respect to the risk analysis methodology, these cost–benefit values deal with “the
existing measures” when inherent risk is analyzed.

This CBA preliminary assessment improves the coherency of the SUMAD RMT
methodology and identifies a reference level to define other alternatives.
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Produced energy
Sold materials (levelling, concrete)
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Spare parts and consumables costs
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Equipment and facilities (incl. taxes)

Touristic activities losses
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Figure 6. Cost–benefit analysis—an exemplification. The rows include three configurable groups of
categories and subcategories (CAPEX—marked yellow, OPEX marked salmon pink and BENEFITS
marked green). Apart from the names of the CBA categories, three revitalization alternatives are
placed vertically: the simplified RVA(0)—marked violet, and the planned ones: RVA(1)—marked
orange, and RVA(2)—marked light green. Each of them has a bordered column with the summary
of values with respect to the category/subcategory. Both planned alternatives RVA(1), RVA(2) have
their time horizons, showing how the financial values are planned.

3.5. Preliminary Qualitative Criteria Analysis (QCA)

The objective of the preliminary QCA analysis is to assess non-tangible factors related
to the heap revitalized according to RVA(0).

The utility functions (UF) are important in the qualitative assessment. For each
criterion, the analyst can assign the right utility function, predefined in the knowledge base.
UFs are used to model the linear or non-linear impact character expressed by the given
criterion. Different UF1-UF6 examples are shown in Table 3. The analyst can select the
right functions for the given criteria. He/she can also configure output values according to
his/her needs.

QCA is exemplified in Figure 7, which also shows the QCA analyses for RVA(1) and
RVA(2), discussed later. In the example presented in Figure 7, all criteria use the UF1
defined in Table 3.



Sustainability 2022, 14, 2492 24 of 33

Table 3. UF definitions—examples.

Input Value UF1 Output UF2 Output UF3 Output UF4 Output UF5 Output UF6 Output

High negative −10 −10 −10
Medium negative −5 −7 −5

Low negative −2 −3 −2
Neutral 0 0 0 0

Low positive 2 1 2
Medium positive 5 2 5

High negative 10 3 10
Yes 10 0
No 1 0 −10

UF type

Symmetrical
positive

/negative
impact of the

criterion

Asymmetrical
positive

/negative
impact of the

criterion

Used when
only negative
impact exists

Used when
only positive
impact exists

Positive
yes/no

criterion

Negative
yes/no

criterion

1 empty cell—not applicable for this UF.

1 
 

 

Figure 7. Qualitative criteria analysis—an exemplification. The first column presents the QCA groups
of criteria (marked blue) and their criteria (marked grey). To the right of them, the weights for
groups and particular criteria are placed. Next, three revitalization alternatives are placed vertically:
RVA(0)—marked violet, RVA(1)—marked orange, and RVA(2)—marked light green. Each of them
has a bordered column with the utility function outputs summarized by groups. On the right
side of the bordered columns the utility functions inputs are presented as enumeration values.
Further to the right, there is a place for justification. Some hints and explanations for the analyst are
presented as well.

For this project, the analyst downloads five groups with relevant criteria: Society
(groups), Politics, etc. They are shown in column 1.

Next, he/she assigns weights (Figure 7) to groups (their sum should be 100%) and
weights to particular criteria in each group (the sum should also be 100%). The weights
represent the criteria importance in the given project.

The input value (an assessment) assigned by the analyst is mapped by UF1 to the
output value, which is multiplied by the group and the criterion weights, obtaining the
assessed value for the considered criterion.
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For example (Figure 7), “Acceptance of revitalization activities”(related to RVA(0)) is
assessed by the analyst as “Low negative”. This value is mapped by UF1 to −2, multiplied
by the group weight (30%) and by the criterion weight (40%), which results in the criterion
value−0.2 (rounded−0.24). Values are summarized within groups (for the “Society” group,
it is −0.6). The sum of values for all groups gives the aggregated value for RVA(0), i.e.,
−2.4 (marked red). This means that current revitalization efforts are assessed negatively.

3.6. Establishing a Certain Number of Revitalization Alternatives and Assessing Their Properties
with Respect to the “Zero” Alternative Using RRA, CBA, and QCA

After the preliminary RRA, CBA, and QCA analyses, the analyst has a general picture
of the inherent risk, current cost–benefit parameters, and non-tangible factors. It allows
him/her to elaborate a certain reasonable number of revitalization alternatives for further
consideration, leading to the selection of the target for implementation. The proposed
revitalization alternatives should:

• Mitigate at least “Unacceptable” risks;
• Be in line with the assumed land use, business needs, citizens’ expectations, natural

environment, etc.;
• Be feasible (considering financial and non-financial constraints).

In the example presented in the paper, two Revitalization Alternatives are defined; the
first is focused on energy production (RVA(1)), the second on recreation purposes (RVA(2)).
They are shown in Table 4.

Table 4. Proposed revitalization alternatives.

ERT. Influenced RS Elementary Revitalization Techniques

Common Elementary Revitalization Techniques—risk mitigation and heap
improvement and adaptation

ERT4 RS5, RS6, RS9 Coal recovery (from the eastern slope)
ERT5 RS4,RS6 Fence, access control
ERT6 RS8 Permanent control of the release of toxic substances
ERT7 RS8, RS3 Soil cleaning, ground improvement
ERT8 RS1, RS2 Revegetation, afforestation

ERT9 RS7 Modification of hydraulic conditions (drainage, flow
management, pipeline)

ERT10 RS2 Profiling slopes and their monitoring

RVA(1)—Renewable energy production

ERT1-1 Establishing the technical infrastructure (roads, media,
buildings, etc.) for energy production facilities

ERT1-2 Photovoltaic installation on the south slope
ERT1-3 Wind turbines on the top area of the heap
ERT1-4 Energy network, equipment
ERT1-5 Greenery around
ERT1-5 Reinforced foundation

RVA(2)—Recreation purposes

ERT2-1
Establishing the relevant technical infrastructure (roads, media,

buildings, etc.) for recreation facilities, small hotel, parking,
restaurant, facilities for musical events

ERT2-2 Park around
ERT2-3 Bicycle racing tracks
ERT2-4 Didactic trips
ERT2-5 Ski tracks
ERT2-6 Photovoltaic installation for internal use
ERT2-7 Fire protection and monitoring
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It was assumed that both alternatives are based on the revitalization activities ERT1,
ERT2, and ERT3 performed in the past; both have the same set (a simplification for the
paper) of ERTs (ERT4–ERT10) for the risk mitigation, improvement, and adaptation to
target applications. The relevant risk scenarios are enumerated, e.g., ERT4 is applied to
reduce the risks concerning RS5, RS6, and RS9.

The risk analysis is performed again (compared to Table 2), and its results are shown
in Table 5. First, the common risk scenarios are analyzed, considering the proposed ERT4–
ERT10. The ERTs play the role of risk reduction measures.

Table 5. Residual risk consideration—an exemplification.

Common Risk Scenarios

RS ERT Threat/Hazard Vulnerability L C R Comments

Risk scenarios concerning the heap
RS1 ERT8 Cyclic heating Vuln. to surface erosion 3→2 2→1 6→2 1 Revegetation, afforestation

RS2
ERT10
ERT8
ERT9

Oversized rain Vuln. to splash erosion 3→2 3→2 9→4
Slopes improved/monitored,

revegetation, afforestation,
improved hydr. conditions

RS3 ERT7
ERT9 Settlement Low geotechnical

parameters 3→2 4→3 12→6
Additional measures for

specific facilities (buildings,
wind turbines) required

RS4 ERT5
ERT10 Quads/motor racing Uncontrolled access 3→1 4→1 12→1 Access control→ no races,

slopes improved/monitored

RS5 ERT4 Smoldering Coal availability 1 2→1 2→1 Almost no coal→ no smells
(additional mitigation)

RS6 ERT4
ERT5 Material theft Coal availability 4→1 4→1 16→1

Almost no coal→ no
opportunities for theft, fence,

access control
Risk scenarios concerning the heap environment

RS7 ERT9 Cyclic wetting Water permeability 1 4→3 4→3 Hydrological conditions
improved

RS8 ERT7
ERT9 Toxic materials Water permeability 2→1 3→2 6→2 Soil and hydrological

conditions improved

RS9 ERT4 Starting a fire

Coal
availability—possible

spontaneous
combustion from coal

1 1 1 No fire related to coal
(additional mitigation)

Risk scenarios specific for RVA(1)

RS1-1 ERT1-5

The weight of the
structure, i.e., of the

wind turbine masts and
other heavy structures

Reduction in material
properties of spoil base

materials
3→1 4→3 12→3

Mast overturning,
destructions, human

casualties (RVA→ Heap)

RS1-2 ERT1-5

The weight of the
structure, i.e., of the

photovoltaic equipment
on the slope

Adverse effect of the
geometry (slope angle) 3→1 3→3 9→3

Landslides, destruction of PV
equipment, fire (RVA→

Heap)

Risk scenarios specific for RVA(2)

RS2-1 ERT2-7 Fire on the heap
Vuln. to fire, esp. when
drought occurs, many

people around
3→2 2 6→4 Fire (RVA→ Heap)

RS2-2 ERT2-7 Fire outside the heap
Vuln. to fire, esp. when
drought occurs, many

people around
3→2 2 6→4 Fire (RVA→ Heap)

1 Tolerable risks are marked yellow. Acceptable risks are marked green. Arrow means that thanks to the ERT8, the
risk value is reduced from 6 to 2.
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Considering nine scenarios of inherent risk identified in Table 2, the risk picture is
positively changed (residual risk), thanks to the application of ERT4–ERT10:

• None were “Unacceptable”, 0% of scenarios;
• Two were “Tolerable”, 22% of scenarios;
• Seven were “Acceptable”, 73% of scenarios.

Next, only two scenarios specific for RVA(1) and RVA(2) are identified and analyzed
(a simplification for the paper). In each case, two kinds of impacts can be considered: Heap
to RVA, RVA to Heap and environment.

Let us consider RVA(1). The most serious scenarios for this RVA are:

• RS1-1 (risk value = 12, “Unacceptable”);
• RS1-2 (risk value = 9, “Unacceptable”).

Both risks can be mitigated by applying reinforced foundations (ERT1-5) to reach a
value of 3, “Acceptable”.

Let us consider RVA(2). The most serious scenarios to this RVA are related to fire,
especially during drought:

• RS2-1 (risk value = 6, “Tolerable”);
• RS2-2 (risk value = 6, “Tolerable”).

Both risks can be mitigated by applying fire protection and monitoring (ERT2-7), to
reach a value of 4 (also “Tolerable”, but lower).

Only the most serious risks related to RVA are considered above.
Next, the CBA analysis should be applied to each of the alternatives as well in order

to assess the profitability of investments related to the revitalization process. This was
exemplified for RVA(1) and RVA(2) in Figure 6. The analysis is performed in a certain
time horizon (here, only for four years) considering the budget constraints and financial
parameters such as the discount rate. The analyst plans cost and benefits in time, calculates
financial indicators such as the NPV, and makes a sensitivity analysis. In Figure 6, it is
shown that RVA(1) generates more cost and benefits than RVA(2). A more detailed analysis
should be possible in SUMAD RMT, such as the NPV, sensitivity, etc.

In addition, the QCA analyses are applied to every alternative to assess positive and
negative non-financial impacts from the given RVA. In Figure 6, some analyses for RVA(1)
and RVA(2) are presented. Compared to RVA(0), which was assessed negatively (−2.4),
both RVA(1) and RVA(2) are positive (2.3, 2.5—respectively), but due to different reasons
expressed by the particular criteria; see details in Figure 6.

3.7. Decision Making and Selecting the Most Advantegous Alternative—A Foundation for the
Revitalization Plan

To select the target RVA for implementation, the decision-maker should be provided
with aggregated information from all analyses. He/she will then compare the values of
parameters between alternatives and against the RVA(0) parameters (revitalization yield).
These values are used as the selection criteria. The examples of such criteria are presented
in Table 6.

Notes on the validation results:

1. Generally, both alternatives properly reduce inherent risks, and residual risks should
be monitored.

2. The SUMAD risk management methodology allows for a consideration of risks related
to the revitalization process. They should be mitigated as well by supplementary tech-
nical measures such as the ERT1-5 (Reinforced foundation), ERT2-7 (Fire protection).

3. With respect to the risk parameters, both alternatives are comparable.
4. The CBA results show that RVA(1) Energy production is a bigger investment than

RVA(2) Recreation. It is more costly, but the expected benefits are considerably higher.
Roughly calculated, NPV shows that NPV < 0 (non-profitable), but there is a chance
to get NPV> = 0 (profitable) in a longer time horizon, e.g., in Year 8. The NPV analysis
needs extra consideration beyond the scope of this paper. The RVA(2) investment has
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a rather “public” character. There is no chance to get NPV> = 0, because permanent
costs are higher than benefits. It needs permanent financial support.

5. Instead of this, RVA(2) is more valuable for citizens and the natural environment. This
is envisaged by the QCA parameters.

6. The decision-maker can select the target alternative for the implementation or he/she
can define other alternatives for assessment, e.g., a hybrid one.

The validation criteria mentioned at the beginning of this chapter assume that all
activities (Figure 2) should be performed and the aggregated results should be worked out.
The validation example confirms that all operations within the framework are performed
successfully and results are provided.

Table 6. Aggregated information for the decision-maker.

Criteria (Aggregated Parameters)

RVA(0)
Current

Revitalization
Activities

RVA(1)
Energy

Production

RVA(2)
Recreation

Risk-related parameters

No. of identified risk scenarios 9 11 11
No. of “Unacceptable” risks 4 0 0

No. of “Tolerable” risks 3 2 2 + 2
No. of “Acceptable” risks 2 7 + 2 7

Max. risk value 16 6 6
Min. risk value 1 1 1

Other defined by analyst

Cost–benefit parameters

Total investment cost (CAPEX) 51 308 83
Total operational cost (OPEX) 137 352 77

Total benefits 4 454 39
NPV - −10 1 −30 1

Other selected by analyst,
e.g., payback period

Qualitative assessment parameters

QCA aggregated value −2.4 2.3 2.5
Society (groups) −0.6 0.6 1.0

Politics −0.5 0.2 0.3
Technology and Science 0.0 0.5 0.0

Environment −1.3 0.3 0.8
Economics 0.0 1.3 0.5

Other selected by analyst
1 Fictitious values; NPV >= 0 for profitable investments.

4. Discussion and Conclusions

The heap revitalization process should be based on the risk assessment because each
heap containing a spoiled ground generates many risks—for itself, for the people living
around it, for business facilities, and for the natural environment. For this reason, it was
assumed that the developed methodology should be able to mitigate risk by proposing
revitalization actions appropriate to the risk character and value.

For the given heap, there usually exist many revitalization possibilities, and the
revitalization budget is usually very limited. To consider this issue, it was assumed that
the elaborated methodology should include methods similar to those used in economics to
assess the profitability of an investment. Revitalization is a specific investment.

The revitalization of heaps influences many and sometimes contradictory interests of
numerous and different stakeholders. It evokes a lot of positive or negative emotions and
different expectations. Such factors should also be included in the elaborated methodology.
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It was mentioned in Chapter 1 that the heap revitalization issue is similar to those
solved earlier in the ValueSec and CIRAS projects, but in quite different domains. ValueSec
was based on three pillars (risk, cost–benefit, and soft factor assessment); for SUMAD, these
three pillars are also proposed, but they have quite a different character and have to be
worked out from scratch.

The author’s contribution is related to the adoption of the advanced risk management
methodology elaborated in the ValueSec project to the new application domain, i.e., the
revitalization of heaps. This idea was included in the SUMAD proposal and is now subject
for implementation by the SUMAD project team.

Please note that the proposed advanced risk management methodology supporting
decision-makers in planning the heap revitalization should take into account various
factors including:

• A detailed specification of the revitalized object; this was achieved by the prede-
fined data structure, including administrative records, geometrical and geological
parameters, pollutants, and the heap environment; they are included in the HP (Heap
property) data structure; in the validation example, HP was used to describe a hy-
pothetical heap that was simple but of diversified characteristics (Section 3.1); with
respect to the general risk management methodology, heaps are considered “assets”
requiring protection;

• A detailed specification of the revitalization actions; to achieve this, the revitalization
alternatives were defined as sets (packages) of elementary revitalization techniques;
the “zero” alternative is specific because it contains historical actions on the heap, such
as removing ad hoc problems; other alternatives representing different visions of the
revitalized heap in the future are subject for RRA, CBA, and QCA assessments in order
to provide information to the decision-maker, who selects one of them as the target
alternative for implementation; the validation examples show how the revitalization
alternatives are composed; “RVA(0)—Current revitalization activities” were shown
in Table 1, while “RVA(1)—Renewable energy production” and “RVA(2)—Recreation
purposes” were in Table 4; to manage the revitalization alternatives, a special software
module RAC was designed; by analogy to the general risk management methodology,
the revitalization alternatives represent packages of elementary protection measures;

• Risk analysis; the RRA module is used to analyze the risk for RVA(0) and for other de-
fined alternatives; it allows the decision-maker to assess the ability of particular candi-
date alternatives to mitigate risk; different kinds of risks are considered; it was exempli-
fied in Table 2 (inherent risk) and Table 5 (residual risk for the considered alternatives);

• Cost–benefit assessment; the CBA module is used to assess different categories of
incurred costs and benefits obtained for the particular candidate alternatives with refer-
ence to historical cost–benefit values assessed for RVA(0); it allows the decision-maker
to assess which alternative is the most advantageous from the economic perspective;
this was presented in Section 3.4, Section 3.6, and in Figure 6;

• Qualitative assessment of intangible factors dealing with revitalization; the QCA mod-
ule is used to assess these factors with the use of elaborated qualitative criteria, applied
to particular candidate alternatives, with reference to the results obtained for RVA(0);
it allows the decision-maker to assess which alternative is the most advantageous
(perceived positively by people, individuals, conducive to the environment, etc.); this
was presented in Section 3.5, Section 3.6, and Figure 7;

• Presentation of aggregated results from analyses to the decision-maker; the DMAV
module is responsible for presenting ordered information to the decision-maker, allow-
ing for a selection of the target alternative for implementation; this was exemplified in
Table 6, which features a set of basic indicators.

The validation confirms that the presented methodology encompasses the whole pro-
cedure of planning the heap revitalization process. Its complexity justifies the development
of the software tool, allowing for the management and reuse of revitalization project data,
the performance of analyses, and the presentation of results to the decision-maker. The
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tool, called SUMAD RMT, is compliant with this methodology and is an example of the
adoption of ICT to the revitalization domain.

The validation leads to some conclusions related to tool development:

• The tool should ensure rich data visualization and reporting facilities, not only for
the RRA, CBA, and QCA analytical modules, but primarily for DMAV as the main
module of the decision-maker;

• The tool should be able to manage many different revitalization projects based on the
common knowledge base and functionality;

• Some extension in the future should be considered (outside the SUMAD project) to
better support decisions, to monitor the revitalized objects, etc.;

• The tool’s adaptation to a broader range of applications should be considered, e.g.,
revitalization of brownfields, abandoned military areas, industrial objects, etc.

Summing up, the research questions were solved in the following way:

1. Structurization of the decision process (data and operations). The general concept
of the tool was elaborated and presented in Section 2.1. Particular components
such as RRA, CBA, QCA, RAC, HP, etc. and their properties are implied by the
stakeholders’ needs. Figures 1 and 2 present how these components collaborate with
each other. Section 2.3 features all operations leading to work out the aggregated
information that allows for the selection of the target revitalization alternatives by
decision-makers. Input information for decision-makers are worked out by the RRA,
CBA, and QCA analytical components. Decision criteria examples are proposed in
Section 3.7. Only the basic, tabular way of data presentation for the decision-maker
is proposed in the paper. Table 6 shows criteria against revitalization alternatives.
Graphical presentations are out of this paper’s scope; these will be solved later
by software designers. The knowledge base specifying predefined and reusable
data categories is discussed in Section 2.2. The main data structure representing
the revitalized heap properties and other data to be implemented within the tool
components are discussed in Section 2.3.

2. Heap property specification. Domain experts are usually provided with extensive,
informal, textual materials (reports) describing the heap to be revitalized. A very
simplified example of such textual description, prepared for the purpose of this paper,
is included in the Section 3.1. Such information should be structured to be useful
for software application. For this reason the general structure, containing categories
and subcategories of the heap properties, is proposed in Section 2.3.1. It is an initial
version. Further development will be performed by the project team. The structure
has an open character and should eventually be able to express different kinds of
heaps. All heap properties sampled in one place in the tool are used by analysts as
the input for the RRA, CBA, QCA analyses and for the composition of revitalization
alternatives.

3. Specification of the SUMAD risk management framework for software developers.
The application of UML, broadly used by software developers, solves this issue. Only
a few examples of the UML diagrams were presented in the paper (Figures 1–3). The
full design has been worked out by the project team. It will include more diagrams
(such as case, class, activity, sequence, component, and architecture diagrams) as a
typical software design.

Solving these issues allows us to refer to the research objectives defined in this paper:

1. The SUMAD risk management methodology (a framework) involves all steps neces-
sary and sufficient to make decisions related to the target revitalization alternative.
These steps include heap property identification, initial RRA, CBA, QCA analyses
related to the current state, composing a certain number of revitalization alternatives
for consideration, assessment of these alternatives with respect to risk reduction,
financial and non-financial parameters, and providing aggregated data from analyses
to decision-makers in order to select the target solution for implementation according
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to the assumed criteria. Their feasibility was confirmed by the simple validation
presented in Chapter 3.

2. The SUMAD risk management methodology (a framework) allows the user to consider
the different heap properties (geotechnical and environmental), heap-related risk
factors, and economic and non-economic constraints. It was also confirmed by the
simple validation presented in Chapter 3.

3. Owing to data and process structurization exemplified in the validation example,
software developers obtain input information for their design. The use of UML allows
for common understanding, further development, and software implementation.

As a result, the validated concept of the advanced risk management methodology was
elaborated, which is currently implemented in the SUMAD RMT tool.

The general concept of the methodology validation presented in the paper is the basis
for broader validation on a real heap recently launched by the project participants.

The paper presents a validated concept of an innovative tool supporting decision mak-
ing in the revitalization of different kinds of the post-mining heaps. The tool allows users:

• To specify the heap properties on a very detailed level;
• To identify the current heap revitalization status;
• To define a certain number of revitalization alternatives for consideration;
• To assess them with respect to risk, financial, and non-financial factors;
• To elaborate the aggregated results of these analyses as the input for decision-makers

who select target alternatives for implementation.

The literature review confirms that there are no ready-made risk management tools
meeting these broad requirements. This concept meets the SUMAD project requirements
(Section 1.2).
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