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RISK MANAGEMENT TOOL TO SUPPORT SPOIL DUMPS 
REVITALIZATION

NARZĘDZIE DO ZARZĄDZANIA RYZYKIEM WSPIERAJĄCE REWITALIZACJĘ 
ZWAŁOWISK POGÓRNICZYCH

The paper features the results of Łukasiewicz – EMAG’s team work within the SUMAD project. The focus has been put 
on how to use the developed SUMAD Risk Management Tool (SUMAD RMT) which supports the revitalization process of 
a  post-mining heap. The tool enables the following: 

• to identify and reduce risk factors related to the heap and to the revitalization process,
• to estimate financially the revitalization process,
• to monitor non-financial like political, environmental, social, etc. factors which are very important because they can    
   positively or negatively shape the social and political reception of the whole revitalization process.    

The paper describes shortly the methodology based on three pillars (three kinds of analyses):
• RRA – Risk Reduction Assessment (risk management),
• CBA – Cost–Benefit Assessment (estimation of financial factors),
• QCA – Qualitative Criteria Assessment (estimation of non-financial factors).      

The methodology has an iterative character and its main steps are the following:
1. Identification of the heap to be revitalized and preliminary revitalization activities,
2. Preliminary RRA, CBA, QCA analyses,
3. Composing the revitalization alternatives,
4. Alternative assessment with respect to risk (RRA), financial (CBA) and non-financial (QCA) factors,
5. Decision making based on the acquired aggregated data.       

The methodology was illustrated by examples from the revitalization process.

Słowa kluczowe: revitalization process, risk factors, post-mining heaps  

Artykuł przedstawia wyniki pracy zespołowej w Instytucie Łukasiewicz – EMAG w ramach projektu SUMAD. Skupiono 
się na wykorzystaniu opracowanego Narzędzia Zarządzania Ryzykiem SUMAD (SUMAD RMT), które wspomaga proces 
rewitalizacji hałdy pogórniczej. Narzędzie to umożliwia: 

• rozpoznanie i ograniczenie czynników ryzyka związanych z hałdą i procesem rewitalizacji,
• finansowe oszacowanie procesu rewitalizacji,
• monitorowanie czynników pozafinansowych, które są bardzo ważne, ponieważ mogą pozytywnie lub negatywnie 
  kształtować odbiór społeczny i polityczny całego procesu rewitalizacji.      

W artykule pokrótce opisano metodykę opartą na trzech filarach (trzy rodzaje analiz):
• RRA – Ocena Redukcji Ryzyka (zarządzanie ryzykiem),
• CBA – Ocena Kosztów i Korzyści (oszacowanie czynników finansowych),
• QCA – Ocena Kryteriów Jakościowych (oszacowanie czynników pozafinansowych).     

Metodologia ma charakter iteracyjny, a jej główne etapy są następujące:
1. Identyfikacja hałdy przeznaczonej do rewitalizacji oraz wstępne działania rewitalizacyjne,
2. Analizy wstępne RRA, CBA, QCA,
3. Tworzenie i analiza alternatywnych rozwiązań rewitalizacyjnych,
4. Ocena alternatywnych rozwiązań w odniesieniu do czynników ryzyka (RRA), finansowych (CBA) i niefinansowych (QCA),
5. Podejmowanie decyzji w oparciu o zebrane zagregowane dane.       

Metodykę zilustrowano przykładami z procesu rewitalizacji.
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GÓRNICTWO ODKRYWKOWE nr 3/2022

36   

Introduction

The paper falls within the topic of the EU RFCS SUMAD 
(Sustainable Use of Mining Waste Dumps) project. The ob-
jective of the project is to explore the possibilities of reusing 
areas with coal-mining spoil with respect to geotechnical, 
sustainability, environmental, socio-economic, and long-term 
management challenges. To achieve this objective, there 
were several methods applied, such as risk management and 
physical or numerical modelling to different revitalization 
schemes. The essence of these operations was to estimate 
technical viability of the spoil dump for the development of 
renewable energy infrastructure. The input came from heap 
operators, developers, and authorities involved in the project.

The spoil dumps produced by the mining activity cause 
ecological degradation of areas and objects, and rise risks to 
human health, natural environment and economy. The heap 
revitalization takes time and money and requires a coordinated 
and multidirectional approach. Not only the risk mitigation 
is important, but also financial and non-financial issues. The 
revitalization budget is usually limited and stakeholders expect 
certain benefits in the future as well. The revitalization pro-
cess should consider many diversified non-financial factors 
as well, e.g. social, environmental, technological, political, 
which positive or negative impact should be considered too. 
The planning of the revitalization process is complicated and 
requires consideration of many diversified issues, sometimes 
with the opposite effects. To elaborate input data for the 
decision maker, who ought to select the most advantageous 
revitalization option, software may be helpful. The software 
is able to perform complicated analyses, to manage huge 
amount of data and to support the decision maker. For this 
reason the SUMAD Risk Management Tool (SUMAD RMT) 
was developed by the Łukasiewicz – EMAG project team 
supported by the other project partners.    
The tool enables the following: 

* to identify and reduce risk factors related to the heap       
and to the revitalization process,
* to estimate financially the revitalization process,
* to monitor non-financial factors which are very important 
because they can positively or negatively shape the social 
and political reception of the whole revitalization process,
* to provide the aggregated results of different revitalization 
options to the decision-makers.        
       

SUMAD RMT has three main modules responsible for:
* RRA – Risk Reduction Assessment (risk management),
* CBA – Cost–Benefit Assessment (estimation of financial 
factors),
* QCA – Qualitative Criteria Assessment (estimation of 
non-financial factors).

These modules are supported by others, allowing to speci-
fy heap properties, to compose different revitalization options 
called here revitalization alternatives, to register incidents 
relevant to heaps, to present results of the RRA, CBA, QCA 
analyses to the decision maker and finally to generate the 
revitalization plan.

Apart from this short introduction, the paper includes 
Section 2 presenting the current research status and research 
motivation and Section 3 showing the general architecture and 

functionality of SUMAD RMT. Section 4 includes an  exam-
ple of the tool use in the planning of the revitalization process. 
Section 5 concludes the research leading to the SUMAD RMT 
development.

Current research, motivation and objectives

The interdisciplinary research leading to the SUMAD 
RMT development embraces risk management, especially 
its application in ecology and post-industrial revitalization, 
cost-benefits assessment, assessment of social, environmental, 
political, and other soft factors in the decision process. 

The extensive literature review dealing with the paper 
domain was provided in the paper [1]. Here it will be supple-
mented and summarized. 

The methodology implemented in SUMAD RMT is based 
on EMAG’s earlier EU projects concerning different security 
aspects [2], [3]. Both of them were also based on three pillars 
(RRA, CBA, QCA), but the domain of application considered 
in these projects, such as the security of public mass event, pu-
blic mass transportation, air transportation/airport, communal 
security planning, cyber security, and critical infrastructure 
protection, required a quite different approach comparing to 
the SUMAD RMT.      
There are several papers related:

* to the risk management and environmental management 
methods focused on a broader range of ecological issues 
[4], [5], [6], [7], [8], [9], [10], [11], [12], [13], [14], [15], 
* to the geotechnical risk issues [16], [17], [18],
* to the Multi-Criteria Decision-making Methods 
(MCDM), and similar used to support revitalization or 
rehabilitation processes [19], 
* to the specific methods focused on a certain revitalization 
issue: coal mining and processing [20], waterfronts [21], 
ANP-based (Analytic Network Process) and PEST-based 
(Political, Economic, Social and Technological) method 
for urban areas [22], methods for urban areas [23], PEST-
based method for surface coal mining areas[24], AHP-
based (Analytic Hierarchical Process) and TOPSIS-based 
(Technique for Order of Preference by Similarity to Ideal 
Solution) method for surface lignite mines [25], AHP based 
method for post-mining areas [26]. 

However, among the reviewed approaches, there is  not a 
single one that would consider three kinds of factors: mixed-
-risk, financial, and non-financial factors. What is  more, 
none is focused on the revitalization of the post-mining 
waste dumps. The most similar toolset to SUMAD RMT is 
SMARTe, but it does not deal with the very specific domain 
of heap revitalization. Ecological and geotechnical methodo-
logies, research, and experiments carried out by the SUMAD 
consortium will provide domain data for the tool to predefine 
threats, vulnerabilities, scenarios, risk measures, and revita-
lization techniques. 

The research motivation is to solve heap specific revita-
lization issues and facilitate the heap revitalization planning 
process.

The paper objective is to develop a dedicated tool sup-
porting the heap revitalization planning process based on the 
experts’ knowledge and experiences.
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Development of the specialized SUMAD Risk 
Management Tool (SUMAD RMT)

Apart from the auxiliary modules managing program users, 
managing predefined data and registering historical heap-related 
incidents, SUMAD RMT embraces modules which directly 
support the planning process of revitalization activities for 
a  given heap:

• The heap specification module which to elaborate the 
structurized and detailed specification of the considered object; 
the specification includes administrative records containing 
the heap 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, radioacti-
vity, reactivity, toxicity, littering, including bulky waste as well 
as biodegradable and non-degradable materials, heap environ-
ment records, including landscape profile, climate parameters, 
air pollution status, vegetation and animals (especially protected 
ones), surrounding water, protected areas such as culture heri-
tage or nature, and auxiliary information, like legal restrictions, 
available financial, technical, and operational resources; this 
specification is used as the input for any other operations;

• The revitalization alternatives composer; each revitaliza-
tion alternative (RVA) consists of several elementary revitali-
zation techniques (ERTs); RVAs are subject of RRA, CBA and 

Fig. 1. Heap specification example in SUMAD RMT
Rys. 1. Przykład specyfikacji zwałowiska w SUMAD RMT

Fig. 2. Examples of revitalization alternatives
Rys. 2. Przykładowe alternatywy rewitalizacji
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QCA analyses, whose results allow the decision maker to select 
one RVA for implementation; risk parameters are expressed by 
predefined enumeration scales;

• RRA requires the identification of risk scenarios, i.e. 
pairs: <threat/hazard-vulnerability>, and for each of them 
the assessment of likelihood (L) and consequences (C); risk 
values is represented by their product (R=L*C); comparing 
the obtained values with the reference levels all scenarios are 
classified as acceptable, tolerable or unacceptable; the last one 
should be mitigated by adding additional ERTs to the assessed 
alternative; CBA parameters are expressed in currency units;

• The CBA framework includes three separate matrices for: 
CAPEX (CAPital EXpenditure), OPEX (OPerating EXpenditu-
re) and BENEFITS; their rows include configurable groups of 

categories and subcategories; the columns represent particular 
years of the analysis time span, e.g. planning time span may 
be 20 years; the analyst plans costs/benefits and as the result 
he/she obtains financial parameters (indices), like NPV (Net 
Present Value), DPBT (Dynamic Payback Time);

• The QCA module allows to assess all positive or nega-
tive impacts of different “soft factors”, like social, political, 
environmental, technological, etc. factors on the given RVA 
implementation; the QCA framework is pictured as a matrix; the 
rows represent groups of criteria and criteria which are assessed 
by the analyst; the groups and the criteria within the groups 
have weights assigned; the analyst makes use of predefined 
assessment scales; Utility functions (UF), assigned individually 
to the criteria, are used to transform the enumerative value 

Fig. 3. RRA configuration and analysis
Rys. 3. Konfiguracja i analiza RRA

Fig. 4. CBA-OPEX matrix
Rys. 4. Macierz CBA-OPEX
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Fig. 5. QCA analysis for alternatives
Rys. 5. Analiza QCA dla alternatyw

Fig. 6. RRA and QCA charts examples
Rys. 6. Przykłady wykresów RRA i QCA

given by the analyst to the output value; this way the character 
of a  criterion is modelled (a certain curve of impact); 

• The DMAV (Data Management, Aggregation, and Visu-
alization) software module is responsible for the presentation 
of the analyses results (tables, graphs) and generating the revi-
talization planning report; the results are presented online, and 
reports can be generated on request (html, pdf, xlsx).

SUMAD RMT is equipped with the knowledge base 
called the PDM (Predefined Data Manager) which includes 
different categories of the predefined data items relevant to 
the different kinds of heaps and their revitalization processes, 
such as: threats, vulnerabilities, ERTs, impact categories, CBA 
categories, QCA categories used by the software. The user can 
select them directly for the revitalization project or can define 

some specific items manually. 
The operation of these modules is exemplified in the 

next section.

Support spoil dumps revitalization planning with the use 
of SUMAD RMT

The most extensive validation of the SUMAD RMT 
methodology and tool was performed on the LWB Bogdanka 
heap managed by the project partner LWB. During the several 
workshops LWB, KOMAG, GIG and EMAG project teams 
identified input data (heap properties, possible revitalization 
activities), performed RRA, CBA and QCA analyses, and 
proposed modification of predefined items. 
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Fig. 7. Comparing alternatives
Rys.7. Porównywanie rozwiązań alternatywnych

The revitalization project starts with the establishment of 
the project team and the configuration of analytical parameters 
(scales for L and C, risk matrix, weights, etc).

At the beginning of the revitalization project the heap sho-
uld be specified. The heap specification has the tree structures 
of multiple levels of categories ending with the elementary 
data container (numerical value, enumerative value, textual). 

Figure 1 presents a part of the tree structure (middle panel) 
with data representing mechanical parameters (right panel). 
The left panel presents the considered alternatives for this 
heap – discussed later.

At this stage the historical revitalization activities are iden-
tified too as the “zero” alternative (RVA0) being the reference 
point for the planned revitalization alternatives. 

In the LWB Bogdanka heap example the following acti-
vities were identified (RVA0 Current state):

• 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: Partial soil cleaning,
• ERT4: Hydrological improvement.

The heap with RVA0 is the subject of the RRA (identifica-
tion of the risk picture) and the QCA (identification of intangi-
ble constraints and chances) analyses. CBA (planning) is not 
relevant for past activities and can be used to register financial 
categories approximately as lump sums. 

The obtained results allow to compose several RVAs repre-
senting different revitalization directions focused on different 
applications. Each RVA embraces a certain number of ERTs 
focused on the risk mitigation and planned applications. 

Figure 2 presents the RVA0 and four planned (RVA1-RVA4) 
revitalization options (left panel) and details related to RVA1 
Sport and recreation and RVA2 RES – Wind turbines. Please 
note the ERTs of these alternatives.

All alternatives are analyzed again with the use of RRA, 
QCA and CBA.

Figure 3 exemplifies the risk assessment. The middle panel 
presents the RRA configuration tab. Please note the risk matrix 
configured for all risk analyses performed for alternatives. The 
right panel shows examples of risk scenarios identified for 
RVA2 with results. All unacceptable cases should be mitigated 
by adding additional ERTs to the alternative. Tolerable risk cases 
are usually monitored, but can be mitigated too.

Figure 4 features a sample CBA/OPEX analysis for RVA2. 
Please note different financial categories and values planned 
for years 3, 4, 5, and the total values. 

Figure 5 exemplifies the QCA analysis for revitalization 
alternatives. Please note qualitative criteria ordered by groups, 
their weights (marked light blue) and the input values, e.g. for 
the criterion: “Impact on natural environment” (weight within 
group 35%) belonging to the “Environment” group (group 
weight 15%), the analyst places the value “Negative low” for 
RVA2, transformed by the utility function and weights to the 
result “-0.11”. RVA2 obtains the assessed value 0.74, but it can-
not be accepted as the final result, due to the “killer criterion”. 
This criterion called ”Laws and regulation/Lawfulness” should 
be unconditionally satisfied, but the analyst found some issues 
in this matter and gives verdict “No”, which implies warning 
(marked red). 

The decision-maker can generate about 20 different charts 
and a table summarizing the most important results. He/she can 
compare different values before selecting the given alternative 
for implementation.

The left panel of Figure 6 characterizes a risk picture of each 
of the considered alternatives at the given project stage. RVA1 
has the biggest number of unacceptable risks. RVA0 and RVA3 
are low-risk, but they are less useful. The right panel shows the 
QCA group values for the considered alternatives. Please note 
that for the “Environment” group the most advantageous is 
RVA3 (value 0.6), while the worst is RVA2 (ca. -0.5). 

Figure 7 presents key results obtained from the RRA, CBA 
and QCA analyses. Please note that the “Lawfulness killer crite-
rion” for RVA2 is not satisfied. It means that the RVA2 project 
cannot be accepted at this stage and needs additional effort.
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At any project stage a revitalization plan can be issued 
(html/pdf). 

Conclusions

SUMAD RMT embraces all revitalization planning stages, 
from the heap properties specification to the assessed options 
proposed to the decision-maker. The planning process is ba-
sed on very detailed and diversified input data and produces 
aggregated results. 

The planning is based on the risk management, financial 
and non-financial assessments. This process allows to consi-
der factors related to the planned revitalization application. It 
is important, because applied ERTs introduce quite new risks 
for the revitalized object. For example, new risks related to 

wind turbines, PV installation, even a huge number of heap 
visitors are easily considered by the tool. The comprehensive 
assessment of intangible pros and cons for the alternatives 
are reached. QCA allows to identify different hidden or side 
effects, easily omitted and causing surprising negative effects 
during the implementation and use. The PDM knowledge base 
representing the domain data raises the projects reusability. The 
RRA, CBA, QCA analytic modules provide a unified picture of 
all revitalization options supporting the decision-maker. 

Acknowledgments

The author wishes to thank all SUMAD project members 
contributing in the SUMAD RMT design, implementation and 
validation.

References
[1]  Bialas, A. Towards a Software Tool Supporting Decisions in Planning Heap Revitalization Processes. Sustainability 

2022, 14, 2492. https://doi.org/10.3390/su14052492
[2]  ValueSec. Available online: https://cordis.europa.eu/project/rcn/97989/factsheet/en (accessed on 11 December 2021)
[3]  CIRAS. Available online: http://cirasproject.eu/ (accessed on 11 December) 2021)
[4]  U.S. Environmental Protection Agency (EPA). Mine Site Cleanup for Brownfields Redevelopment—A Three-Part Pri-

mer; EPA: Washington DC, USA, 2005. Available online: https://semspub.epa.gov/work/HQ/718145.pdf (accessed on 
29 January 2022)

[5]  Crumbling, D.M. Summary of the Triad Approach; U.S. Environmental Protection Agency (EPA): Washington, DC, 
USA, 2004

[6]  Fargašová, A. Ecological Risk Assessment Framework. Acta Environ. Univ. Comenianae 2016, 24, 10–16. https://doi.
org/10.1515/aeuc-2016-0002

[7]  Kowalska, A.; Grobelak, A.; Kacprzak, M.; Lyng, A. Methods and tools for environmental technologies risk evaluation: 
The principal guidelines—A review. Int. J. Environ. Sci. Technol. 2021, 18, 1683–1694. https://doi.org/10.1007/s13762-
020-02979-4 

[8]  Zhu, Y.; Shi, L.; Hipel, K.W. A. The Identification of Risk Factors in Brownfield Redevelopment: An Empirical Study. 
In Proceedings of the 2012 IEEE International Conference on Systems, Man, and Cybernetics, Seoul, Korea, 14–17 
October 2012. https://doi.org/10.1109/ICSMC.2012.6378107

[9]  Mahammedi, C.; Mahdjoubi, L.; Booth, C.A.; Butt, T.E. Framework for preliminary risk assessment of brownfield sites. 
Sci. Total Environ. 2022, 807, 25–33. https://doi.org/10.1016/j.scitotenv.2021.151069

[10]  Chen, S.; Chen, B.; Fath, B.D. Ecological risk assessment on the system scale: A review of state-of-the-art models and 
future perspectives. Ecol. Model. 2013, 250, 25–33

[11]  Power, M.; McCarty, L.S. Trends in the Development of Ecological Risk Assessment and Management Frameworks. 
Hum. Ecol. Risk Assess. 2002, 8, 7–18

[12]  Hope, B.K. An examination of ecological risk assessment and management practices. Environ. Int. 2006, 32, 983–995
[13]  Glenn, W.; Sutter, I.I. Ecological Risk Assessment, 2nd ed.; CRC Press Taylor & Francis Group: London, UK, 2019
[14]  Gruiz, K.; Meggyes, T.; Fenyvesi, E. (Eds.). Engineering Tools for Environmental Risk Management: 4. Risk Reduction 

Technologies and Case Studies; CRC Press Taylor & Francis Group: London, UK, 2019
[15]  SMARTe Web Page. Available online: http://www.neptuneinc.org/smarte (accessed on 11 December 2021)
[16]  Swedish Geotechnical Society. Risk Management in Geotechnical Engineering Projects—Requirements. Methodology; 

SGF Report 1:2014E (English Version, Translated in 2017); SGF: Linköping, Sweden, 2017
[17]  Sondermann, W.; Kummerer, C. Geotechnical opportunity management-subsoil conditions as an opportunity and a risk. 

In Proceedings of the XVI Danube-European Conference on Geotechnical Engineering, Skopje, Republic of Macedonia, 
7–9 June 2018; pp. 395–400

[18]  Mishra, R.K.; Janiszewski, M.; Uotinen, L.K.T.; Szydlowska, M.; Siren, T.; Rinne, M. Geotechnical Risk Management 
Concept for Intelligent Deep Mines. Procedia Eng. 2017, 191, 361–368

[19]  Vega, A.; Argus, R.; Stockton, T.; Black, P.; Black, K.; Stiber, N. SMARTe: An MCDA Approach to Revitalize Communities 
and Restore the Environment. In Decision Support Systems for Risk-Based Management of Contaminated Sites; Marcomini, 
A., Suter, G., Critto, A., Eds.; Springer: Boston, MA, USA, 2009. https://doi.org/10.1007/978-0-387-09722-0_9

[20]  Mikhailov, V.; Koryakov, A.; Mikhailov, G. Ecological risk management in coal mining and processing. J. Min. Sci. 
2015, 51, 930–936



GÓRNICTWO ODKRYWKOWE nr 3/2022

42   

[21]  Keyvanfar, A.; Shafaghat, A.; Mohamad, S.; Abdullahi, M.M.; Ahmad, H.; Mohd Derus, N.H.; Khorami, M. A Sustainable 
Historic Waterfront Revitalization Decision Support Tool for Attracting Tourists. Sustainability 2018, 10, 215. https://
doi.org/10.3390/su10020215

[22]  Khumpaisal, S.; Chen, Z.; Mulliner, E. A New Approach to assess risks in Urban Regeneration Project. In Proceedings of 
the 3rd International Academic Consortium for Sustainable Cities Symposium, At Faculty of Architecture and Planning, 
Thammasat University, Bangkok, Thailand, 15th June 2012. https://doi.org/10.13140/RG.2.1.3471.2802

[23]  Sobotka, A.; Radziejowska, A. Risk Analysis in the Realization of Buildings in Revitalized Areas. Arch. Civil Eng. J. 
Pol. Acad. Sci. 2019, 3, 113–126

[24]  Pavloudakis, F.; Roumpos, C.; Karlopoulos, E.; Koukouzas, N. Sustainable Rehabilitation of Surface Coal Mining Areas: 
The Case of Greek Lignite Mines. Energies 2020, 13, 3995. https://doi.org/10.3390/en13153995

[25]  Spanidis, P.-M.; Roumpos, C.; Pavloudakis, F. A Multi-Criteria Approach for the Evaluation of Low Risk Restoration 
Projects in Continuous Surface Lignite Mines. Energies 2020, 13, 2179. https://doi.org/10.3390/en13092179

[26]  Uberman, R.; Ostręga, A. Applying the Analytic Hierarchy Process in the Revitalisation of Post-mining Areas Field. The 
8th International Symposium on the Analytic Hierarchy Process for Multi-criteria Decision Making (ISAHP), Honolu-
lu, Hawaii, July 8-10, 2005. In: Levy, J.; Saaty, R. (Eds): Proceedings of the International Symposium on the Analytic 
Hierarchy Process, Creative Decisions Foundation on behalf of the International Symposium on the Analytic Hierarchy 
Process, Pittsburgh, USA, 2005

South Pesteana pit lake, Romania

Im
ag

e 
co

ur
te

sy
 o

f U
ni

ve
rs

ity
 o

f P
et

ro
sa

ni




