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1 INTRODUCTION 

ReviRIS, an EIT Raw Materials’ project, aims at developing a Multi-Criteria Spatial Decision 
Support System (MC-SDSS) to help in the decision-making regarding the choice for a 
revitalisation strategy. 

The objective of WP5 is to aggregate all learnings from other WPs and present them in an 
evaluative decision-making framework, possible to be used by different stakeholders. 

To achieve WP5’s goal there is the need to develop two tasks, namely: 

Task 5.1 Mathematical model development and optimisation, integrating results from 
WP3 and WP4, and including them into a Multi-Criteria Decision Method. 

Task 5.2 Spatial Decision Support System development and optimization, through the 
adaptation of the mathematical models, produced in task 5.1, into a GIS tool to be 
applied at regional and local levels. 

1.1 Report’s framing 

This report regards to task 5.1, which the goal is to develop the mathematical model to be used 
in the final ReviRIS toolkit, by integrating the knowledge learnt in previous deliverables and 
other WPs. To this task AGH UST partner have contributed through the share of information 
from case studies that, once it is still in progress, will be properly presented in the next 
deliverable (by the end of 2021). 

The mathematical model that is presented in this report considers information from the 
following projects reports: 

1. type of analytical and spatial data to be integrated (according with D3.1), 
2. Transitional Post-Mining Landscape Profiles - TPMLP (D3.2), 
3. preliminary MCDM tool and MCDM methods (D3.3), 

This report is divided in three main parts: 

Part 1 Is presented and explained the mathematical procedures for each select 
methods. 

Part 2 Is presented a set of schemes, workflows and lists to explain the decision path 
under development in the context of ReviRIS. 

Part 3 Corresponds to the overall framework for ReviRIS tool. 

1.2 Background 

On previous ReviRIS WP3’ deliverables, the main objective of the research was to gather 
information, so that, in this deliverable (D5.1), the team could work specifically on the toolkit 
development. From D3.1, which gave a list of topics to be included in the methodology, the team 
used it has a checklist to define criteria based on the relevant topics for specific situations. From 
D3.2, which enumerates the list TPMLP possible to exist, the team developed specific objectives 
for the MCDA. Finally, from D3.3, where several MCDM methods and a preliminary structure for 
the methodology were described, the team selected the most suitable methods, considering 
their technicalities. Combining all these aspects in this deliverable, the team develops a more 
detailed structure for the toolkit. 



 
MCDM model and environmental, social, cultural, and economic indicators for 

multi-criteria evaluation of transitional sites and post-mining areas 

 

8 
 

The MCDM methods selected in this deliverable are TOPSIS, SMARTER and SIMUS. The first was 
briefly described in D3.3, but the others were not included. With the further research and 
comparison with the other MCDM methods referred in D3.3, SMARTER and SIMUS are 
considered well suited for the ReviRIS toolkit purpose. SIMUS is a method that combines linear 
programming with heuristics methods and enables the user to model any kind of problem, from 
very simple decision problems to very complex scenarios. However, it has a complex 
mathematical procedure and to overcome this issue, the developers of the methods provide a 
free software available for everyone and easy to use. Finally, SMARTER is a method related to 
the “Full aggregation methods” (see D3.3 – 2.1 Full aggregation methods), but the technique it 
uses to define criteria weights, Ranking Order Centroid (ROC), is based on a more coherent 
approach regarding the preferences of any stakeholder. These two methods will be described in 
this deliverable. 
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2 PART I – mathematical procedures 

Part I of this report regards to the explanation of the methods to weight criteria, the actions for 
criteria, the normalisation procedures possible to apply, and the MCDM methods chosen 
according with the findings of Deliverable 3.3. and the work further developed. 

2.1 Criteria weighting 

In a decision-making context exists a part for objectivity and for subjectivity. The objective data 
regards with the performance values (PV) to be included in the IDM, which aim at a 
characterisation of the problem as realistic as possible, therefore it should bear as less 
subjectivity as possible. These PV can be of different units and different scales. The subjectivity 
part relies on the decision-maker or stakeholder’s preferences regarding criteria importance in 
the decision-making problem. In the Analytic Hierarchy Process (AHP), these preferences are 
determined by comparing pairs of criteria, called pairwise comparison. Another way is to directly 
attribute the weight that each stakeholder considers best to each criterion. However, this 
doesn’t represent criteria’s importance, instead it represents trade-off of values, because if a 
change in preference on a specific criterion occurs, there will occur trade-offs between other 
criteria’s weights (Munier et al., 2019, Chapter 2.1.6). 

In ReviRIS tool it is proposed to use SMARTER to weight criteria. Simple Multi-Attribute Rating 
Technique Extended to Ranking (SMARTER), developed firstly by Edwards (1971) (in Edwards & 
Barron, 1994) is a MCDM method that, although considering stakeholders preferences regarding 
criteria and alternatives, the way it defines weights is through a mathematical procedure, called 
Rank Order Centroid (ROC) weights, developed by Barron and Barret (Edwards & Barron, 1994). 
This mathematical procedure requires that each stakeholder rank criteria according to their 
preference and then the weights are calculated based on the ranking (a more detailed 
explanation will be given in 2.4 - MCDM methods). 

In the context of ReviRIS, the SMARTER method will be used mainly to access stakeholders’ 
preferences by means of a questionnaire where their preferences, regarding the questions 
addressed, will be in the form of ranking. The mathematical procedure of SMARTER is presented 
in chapter 2.4 - MCDM methods (SMARTER) and in APPENDIX 1 – Questionnaire example is an 
example of the questionnaire. 

2.2 Action for criteria and thresholds 

Each criterion should have an action that represents the desired value, as for example, 
maximise, minimise, or equalise (Munier et al., 2019, Chapter 2.1.6.3). These actions indicate 
which are cost criteria or beneficial criteria. The first corresponds to criteria that represents, 
somehow, a cost for the goal of the MCDA, either through monetary costs or through 
depreciation regarding any aspect. Beneficial criteria are the ones that adds value the MCDA 
goal, the ones that create positive value on alternatives, either through monetary benefits or 
through enhancement of any aspect. In the case of cost criteria, the actions usually are to 
minimise, because the desired value for costs is the lowest possible, and in the case of beneficial 
criteria, they usually call for maximisation. However, it will depend on the way criteria are 
defined. 
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Regarding the action to equalise, although not common, is also an action that can be inputted 
into the criteria. This action can occur when a given criterion, although having different 
performance values (the data added into the IDM) for different alternatives, the criterion should 
try to “obey” to a fixed value. In an example given in Munier et al. (2019, Chapter 6.2), a criterion 
for Investment is allowed to have different values for each alternative, but at the end, it should 
comply as much as possible to the funds available. Therefore, the action to this kind of criteria 
must be to equalise. 

With the need to input actions to criteria, another concept is required, thresholds. These are 
realistic values that represent resources available for each criterion or restrictive values, 
whether monetary, legal or any other kind of resource or restriction (Munier et al., 2019, 
Chapter 2.1.6.4). They allow to create limits to the MCDA under development, because the 
maximisation of any criteria cannot go infinity, nor the minimisation. It might be clearer when 
the action is to equalise, because on those criteria, there is a fixed value that should be respected 
as much as possible. Not all methods support this option, therefore the selection of the method 
should take into consideration if the MCDA requires the introduction of thresholds or not. 

2.3 Performance values normalisation 

In the IDM, every criterion should have their proper performance values (PV) within a specific 
scale that may be different from criterion to criterion. To normalise these scales and values, 
there is the need to choose a technique that will return all values to a common scale. This 
technique must consider the action that each criterion should have to correctly evaluate any 
alternative. If the action is to maximise the criterion, then the best alternative (on that criterion) 
is the one with higher PV; if the action is to minimise the criterion, the best alternative is the 
one with lower PV; and if the action is to equalise, the best alternative is the one with the PV 
closer to the one specified. In the case for equalisation, thresholds are required. This definition 
of maximisation, minimisation, and equalisation actions, coupled with the desired level of 
discrimination between alternatives, will determine the normalisation technique. 

The most common normalisation techniques are the following (Munier et al., 2019, Chapter 
2.2.1):  

1. Sum of performance values in a criterion, 

𝑎𝑖𝑗
∗ =  

𝑎𝑖𝑗

∑ 𝑎𝑖𝑗
𝑛
1

, ∀𝑗 

2. Largest value in a row, 

𝑎𝑖𝑗
∗ =  

𝑎𝑖𝑗

max 𝑎𝑖𝑗
, ∀𝑗 

3. Euclidean formula, 

𝑎𝑖𝑗
∗ =  

𝑎𝑖𝑗

√∑ (𝑎𝑖𝑗)2𝑛
1

, ∀𝑗 

4. Maximum/minimum ratio, 

𝑎𝑖𝑗
∗ =  

𝑎𝑖𝑗 − min 𝑎𝑖𝑗

max 𝑎𝑖𝑗 − min 𝑎𝑖𝑗
, ∀𝑗 
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where: 

𝑎𝑖𝑗  is the original PV within the IDM; i representing alternatives, and j, criteria, 

𝑎𝑖𝑗
∗  is the normalised PV. 

The first three normalisation techniques produce concentration of values (sum), and therefore 
less discrimination, and the last one allows higher discrimination because of the subtracting 
members (idem). 

For ReviRIS, different normalisation techniques will be applied, either using TOPSIS or SIMUS, 
and according to the actions applied to criteria. 

2.4 MCDM methods 

SMARTER 

The reason to use this method in ReviRIS is because it allows to include the preferences of 
stakeholder’s regarding the importance of criteria. Due to this capacity of the method and based 
on the conclusion of Deliverable 3.3 of ReviRIS’ WP3, SMARTER should be used in the 3rd phase 
of the methodology proposed, which corresponds to the participatory process. This method can 
be applied through a questionnaire, designed specifically for the site and problem under 
appraisal, and the answers aggregated to give the weights to be included in TOPSIS or SIMUS. 

Although SMARTER is a MCDM, the technique that it uses to determine weights, which is the 
Rank Order Centroid (ROC) weights (Barron & Barrett, 1996), is well fitted in the purpose of 
weighting criteria. This requires an adaptation of the SMARTER procedure, not to help in the 
decision regarding which is the best alternative, but rather to help in the reasoning of the 
collective preference of criteria to address the decision problem under evaluation. To achieve 
this adaptation, a questionnaire designed to stakeholders rank their preferences regarding 
criteria must be carefully developed. The questions to be included should regard the order of 
preferences of each criterion within each topic, as for instance, each question corresponds to 
one topic and, within each question, the respondent must order the criteria according to his 
preference. A final question can be made addressing the preferences among the topics (not the 
criteria), so that, if some topics are considered as more relevant than others, it can be included 
in the decision process. An example is provided in APPENDIX 1 – Questionnaire example), which 
is based on the work of Pontiglione (2018b). 

The questionnaire can be implemented in an online platform, make available to all stakeholders 
involved, and be anonymous. However, it should be possible to see all the answers of each 
individual response, without letting know who the respondent is, because ROC weights are given 
according with the rank. For that, the analyst needs to have all the answers of each 
questionnaire and an organised database (e.g., excel worksheet), where each line represents 
one questionnaire filled, and the columns have the questions and criteria. An example of this 
organisation is given in APPENDIX 2 – Data organisation from the questionnaire, also based on 
Pontiglione (2018b). 

The calculation of ROC weights follows the next equation. 

𝑤𝑘 =
1

𝑘
∑

1

𝑖

𝑘

𝑖=𝑘
 

Where: 
𝑤𝑘 is the calculated weight (ROC weight), 
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K is the number of criteria, or attributes, that are to be ranked. 

From the equation, it is possible to understand that ROC weights are dependent only on the 
number of criteria. In APPENDIX 3 – Ranked Order Centroid (ROC) weights it is presented the 
value to all ROC weights up until 16 criteria, or number of elements to be ranked. 

As referred at the beginning, this method would only be applied at the 3rd phase of the 
methodology, when all alternatives, criteria, and PV are clearly defined. With this, the 
questionnaire should focus only on the set of criteria and corresponding topics and the result 
would be weights, derived from ROC weights, to be used on TOPSIS or SIMUS. 

TOPSIS 

Among the methods presented in Deliverable 3.3., TOPSIS belongs to the group of methods that 
allows for a comparison of criteria’s alternatives to ideal alternatives, Positive Ideal Solution (PIS) 
and Negative Ideal solution (NIS) . Although not able to handle with thresholds values, thus not 
being one of the most robust methods, its mathematical procedures are simple and, therefore, 
easy to explain to any user. Considering the methodology already developed (see PART II) this 
method will be used in profiles with lower level of complexity. 

TOPSIS method, as described by Hwang & Yoon (1981) includes general mathematical 
procedures, namely the normalisation and weighting techniques, however, for the purpose of 
this report, the focus will be on the specific mathematical procedures. These specific steps are 
dependent on the actions inputted to a certain criterion (maximisation or minimisation), which 
regards to benefit and cost criteria. Benefit criteria are the ones where larger values have grater 
preference (tend to call for maximisation) and cost criteria are the ones where larger values have 
less preference (tend to call for minimisation). These actions can be considered as general 
procedure because other MCDM methods also requires them. 

The specific steps of TOPSIS are the following (Hwang & Yoon, 1981): 

Step 1: Determination of the ideal and negative-ideal solutions. 

To define the ideal solution (Positive Ideal Solution – PIS) and the negative-ideal solution 
(Negative Ideal Solution – NIS), which are artificial extremes for the set of alternatives, the 
mathematical procedure follows the next rules: 

𝑃𝐼𝑆 =  {(𝑚𝑎𝑥𝑖𝑣𝑖𝑗|𝑗 ∈ 𝐽), (𝑚𝑖𝑛𝑖𝑣𝑖𝑗|𝑗 ∈ 𝐽′) | 𝑖 = 1,2, … , 𝑚} = {𝑣1
+, 𝑣2

+, … , 𝑣𝑗
+, … , 𝑣𝑛

+} 

𝑁𝐼𝑆 =  {(𝑚𝑖𝑛𝑖𝑣𝑖𝑗|𝑗 ∈ 𝐽), (𝑚𝑎𝑥𝑖𝑣𝑖𝑗|𝑗 ∈ 𝐽′) | 𝑖 = 1,2, … , 𝑚} = {𝑣1
−, 𝑣2

−, … , 𝑣𝑗
−, … , 𝑣𝑛

−} 

where: 

𝐽 =  {𝑗 = 1, 2, … , 𝑛| 𝑗 𝑎𝑠𝑠𝑜𝑐𝑖𝑎𝑡𝑒𝑑 𝑤𝑖𝑡ℎ 𝑏𝑒𝑛𝑒𝑓𝑖𝑡 𝑐𝑟𝑖𝑡𝑒𝑟𝑖𝑎}, 

𝐽′ =  {𝑗 = 1, 2, … , 𝑛| 𝑗 𝑎𝑠𝑠𝑜𝑐𝑖𝑎𝑡𝑒𝑑 𝑤𝑖𝑡ℎ 𝑐𝑜𝑠𝑡 𝑐𝑟𝑖𝑡𝑒𝑟𝑖𝑎}, 

i is the number of alternatives (1, 2, …, m), 

j is the number of criteria (1, 2, …, n), 

v is the value of jth criterion on ith alternative, 

𝑣𝑛
+ is the value of the nth criterion of the PIS alternative, 

𝑣𝑛
− is the value of the nth criterion of the NIS alternative. 



 
MCDM model and environmental, social, cultural, and economic indicators for 

multi-criteria evaluation of transitional sites and post-mining areas 

 

13 
 

These rules ensure that the artificial positive extreme solution (PIS) refers to the most preferable 
alternative and that the artificial negative extreme solution (NIS) refers to the least preferable 
alternative. 

Step 2: Calculation of the separation measure. 

After step 1, the TOPSIS MCDM requires the calculation of the distance between the alternatives 
to be considered and PIS and NIS artificial alternatives. This step is to “calculate the separation 
measure” (Hwang & Yoon, 1981) between each alternative and PIS , and at a second step, 
between each alternative and NIS, and it uses the Euclidean distances between performance 
value of the considered alternatives. The equation are as follows: 

𝐷𝑖
𝑃𝐼𝑆 = √∑ (𝑣𝑖𝑗 − 𝑣𝑗

+)
2𝑛

𝑗=1 , which is the “positive” distances, between each alternative (i) to PIS 

alternative, 

𝐷𝑖
𝑁𝐼𝑆 = √∑ (𝑣𝑖𝑗 − 𝑣𝑗

−)
2𝑛

𝑗=1 , which is the “negative” distances, between each alternative (i) to 

NIS alternative. 

Step 3: Calculation of the relative closeness to the ideal solution. 

The final specific step of TOPSIS is the calculation of the relative distance of each alternative to 
the artificial ones to find the alternative that is closest to PIS and farthest to NIS, using the next 
equation: 

𝑆𝐴𝑖
=

𝐷𝑖
𝑁𝐼𝑆

𝐷𝑖
𝑃𝐼𝑆+𝐷𝑖

𝑁𝐼𝑆, 0 < 𝑆𝐴𝑖
 < 1 

where 𝑆𝐴𝑖
 represents the relative distance of alternative Ai to PIS and NIS, which falls between 

0 and 1. The closer the value is to 1, the closer the alternative is to PIS. This value provides good 
insight to the decision-maker about the alternative to choose. 

According with the preliminary methodology presented in D3.3, TOPSIS will be applied at the 2nd 
stage, where a realistic approach with the development of an IDM is to be built, and a MCDM 
method applied. At this stage, the use of TOPSIS should provide grounded insight to experts 
about each alternative, and at the 3rd stage of the preliminary methodology, which regards to a 
participatory process with multiple stakeholders, TOPSIS can be applied together with 
SMARTER. The latter is for criteria weighting, as refer in sub-chapter 2.1 and 2.4, in SMARTER, 
and TOPSIS is to determine the best compromise solution in the participatory process. 

SIMUS 

To use SIMUS, the user must download the method tool that the developers created (Munier & 
Lliso Sena, 2014). Having to use an external tool (outside of ReviRIS toolkit), it is necessary to 
follow the download and installation instructions given by the developers. This tool is free and 
is available in https://sites.google.com/site/decisionmakingmulticriteria/software-simus-
system. 

This method allows to model any complex scenario. However, in ReviRIS it will be used mainly 
when the relations between alternatives are complex, as for instance, if there is any kind of 
precedence between them. 

https://sites.google.com/site/decisionmakingmulticriteria/software-simus-system
https://sites.google.com/site/decisionmakingmulticriteria/software-simus-system
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SIMUS was developed by Munier in his PhD thesis (2011b) and further described in Munier 
(2011a) and Munier et al. (2019). This method can model MCDA problems where multiple 
objectives need to be met, dependent criteria are in place, and alternatives or projects may 
require precedence by others. Because all of this, SIMUS can be applied to complex scenarios 
regarding any issue, from prioritisation of local viable renewable energy sources (Nigim et al., 
2004), urban transport selection (S. D. Stoilova, 2019), groundwater pumping for irrigation 
purposes (Garcia-Cascales et al., 2020), road projects (Munier, 2020), and railways planning (S. 
Stoilova, 2020; S. Stoilova et al., 2020; S. Stoilova & Munier, 2021). Many other examples are 
given in Munier et al., (2019, Chapter 12). 

In order to deal with complex decision problems, SIMUS is a hybrid method that combines Linear 
Programming (LP), with weighted sum, and outranking procedures (Garcia-Cascales et al., 2020; 
Munier et al., 2019, Chapter 7). This combination, although delivering different scores, the 
ranking produced is the same, which is equivalent to use two different methods to model one 
MCDA, delivering the same result (Munier et al., 2019, Chapter 6). To better demonstrate the 
method, a brief description of SIMUS procedures will be given, based on the book “Strategic 
Approach in Multi-Criteria Decision Making” (Munier et al., 2019). 

General structure of SIMUS method 
In a MCDA, criteria and objectives are slightly different, although both require either for 
maximisation or minimisation. The difference between them is the detail because a criterion 
must have a way to be measurable, but an objective may not be measurable. In other words, 
criteria are tangible concepts while objectives are defined more as goals of the MCDA. In SIMUS 
both criteria and objectives are considered to have the same mathematical structure which 
allows to select a set of criteria to be used as objectives. This means that, there is not the need 
to define specific objectives different from criteria. The only thing that should be done is to 
define which criteria will be used as objectives. 

The first part of SIMUS is to run the LP algorithm that will deliver a matrix called Efficient Result 
Matrix (ERM). This matrix is the result of the optimal solutions for each objective function, if it 
exists and, once it holds only the optimal results, it is a Pareto Efficient matrix. After the creation 
of the ERM, this matrix needs to be normalised to better allow the visualisation of the 
significance of each result on each alternative and from it, the method delivers two solutions. 
The first solution is through the application of a weighted sum to each column (alternative), 
which is grounded on the ERM data and produces the first alternatives’ ranking. The second 
solution is the examination of the dominant alternative on each row (criteria), that corresponds 
to the application of an outranking technique, and the calculation of the difference between the 
dominant and subordinated alternatives. The results of the calculations for the first solution is 
given in the ERM together with LP results, but the results for the second solution are given in a 
new matrix, the Project Dominance Matrix (PDM). These two solutions, although with different 
scores, usually provide the same ranking results, which demonstrates the robustness of the 
method. 
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After the first part, which corresponds to the ranking of alternatives, there is the need to 
proceed with a sensitivity analysis to understand the robustness of the ranking and what could 
produce a change on it. For that, sensitivity analysis of SIMUS method aims at understanding 
how external circumstances and changes or variations on the objectives (criteria used as 
objective functions) affect the result. To enable the user to do this kind of sensitivity analysis, 
SIMUS uses an add-in called IOSA (Input-Output Sensitivity Analysis). This procedure uses 
marginal values calculated from the ERM matrix, based only on the 1st ranked alternative, and 
provides insight to the user about the criteria that contributed to each defined objective. It also 
provides information about the impact that changes on specific criteria’s threshold may produce 
in the objective and allows the consideration of possible risks. This sensitivity analysis goes 
beyond the simple data changing, which may distort the problem under evaluation. Therefore, 
instead of focusing on what produces changes in the ranking of alternatives, the focus goes to 
the impacts in the objectives, produced by changing thresholds or performance data, the 
understanding of how externalities may affect the results, and allows the consideration of risks. 

SIMUS allows for a robust and realist approach of any problem, however, although this method 
is easy to understand, is not yet common. Therefore, we suggest using it in the most complex 
situation of ReviRIS. Once the user is familiar with the method, it can be used to model any kind 
of problem, including for group decision making. With this and according with the preliminary 
methodology presented in D3.3, SIMUS method will be applied at the 2nd stage to provide 
experts with grounded insights about each alternative. It will also be used at the 3rd stage 
(participatory process) together with SMARTER, as already mentioned, to demonstrate to the 
public the way the decision can be made, adding criteria weights if needed. 
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3 PART II – Workflows 

Considering the information in PART I, the workflow and major steps for ReviRIS tool will be 
presented in next sub-chapters. 

3.1 MCDA goal for each Transitional Post-Mining Landscape Profiles 

The profiles defined on D3.2 were based on a set of questions that intends to understand the 
legal situation of the mine and, at the same time, the stage of current field works regarding 
environmental reclamation and revitalisation. Table 3-1 regards those questions, which will be 
used in ReviRIS toolkit to help the user select the profile for the site that he intends to analyse. 
A decision process is shown in APPENDIX 4 – Decision process to select the Transitional Post-
Mining Landscape Profiles. 

Table 3-1: Questions to help the selection of TPMLP. Q1 = Is the site an active mine? Q2 = Has the site a 
private entity responsible for the environmental liability? Q3 = Are the field works for environmental 
remediation implemented? Q4 = Are the field works for revitalisation implemented? 

 Q1 Q2 Q3 Q4 Profile no. 

ABANDONED 

MINE 

No No No No 1 

No No Ongoing No 2 

No No Concluded No 3 

No No Concluded Ongoing 4 

No No Concluded Concluded 5 

NOT ACTIVE 

MINE 

No Yes No No 6 

No Yes Ongoing No 7 

No Yes Concluded No 8 

No Yes Concluded Ongoing 9 

No Yes Concluded Concluded 10 

ACTIVE MINE 

Yes Yes No No 11 

Yes Yes Ongoing No 12 

Yes Yes Concluded No 13 

Yes Yes Concluded Ongoing 14 

Yes Yes Concluded Concluded 15 

After the selection of the correct profile, the goal for the MCDA should be carefully thought. In 
Table 3-2 is presented the ReviRIS suggestions for the goals of a MCDA on each profile. These 
goals and profiles together will lead the path to the selection of the most suitable method. 
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Table 3-2: Brief description of the goals for the MCDA on each TPMLP and the scope, based on which, the 
alternatives can be developed. 

 Goal of the MCDA Scope of the alternatives 

ABANDONED 

MINE 

1 
Analyse the technical solutions to be implemented in 

the field. 

Terrain modelling and engineering solution to contain 

or treat contamination and stabilise buildings 

2 
Define a general theme for the potential new land use. 

(ex.: agriculture, natural, real state…). 
Theme for revitalisation project 

3 

Select the specific new land use. 

(ex.: museum, hotel, resort, wheat plantations, corn 

plantations…). 

Final revitalisation project 

4 

Final responsibilities: 

(1) monitoring of environmental reclamation; (2) 

management of the new land use. 

Management of responsibilities 

(new land use and monitoring) 

5 No need for MCDA. No need for MCDA. 

NOT ACTIVE 

MINE 

6 
Analyse the technical solutions to be implemented in 

the field 

Terrain modelling and engineering solution to contain 

or treat contamination and stabilise buildings 

7 
Define a general theme for the potential new land use. 

(ex.: agriculture, natural, real state…). 
Theme for revitalisation project 

8 

Select the specific new land use. 

(ex.: museum, hotel, resort, wheat plantations, corn 

plantations…). 

Final revitalisation project 

9 

Final responsibilities: 

(1) monitoring of environmental reclamation; (2) 

management of the new land use. 

Management of responsibilities 

(new land use + monitoring) 

10 No need for MCDA. No need for MCDA. 

ACTIVE MINE 

11 
Analyse the technical solutions to be implemented in 

the field. 

Terrain modelling and engineering solution to contain 

or treat contamination and stabilise buildings 

12 
Define a general theme for the potential new land use. 

(ex.: agriculture, natural, real state…). 
Theme for revitalisation project 

13 

= PROFILE 8: Select the specific new land use 

(ex.: museum, hotel, resort, wheat plantations, corn 

plantations…). 

Final revitalisation project 

14 

=PROFILE 9: Final responsibilities: 

(1) monitoring of environmental reclamation; (2) 

management of the new land use. 

Management of responsibilities 

(new land use + monitoring) 

15 No need for MCDA. No need for MCDA. 

Profiles 1, 6, and 10 regard mine sites where no environmental reclamation project has been 
implemented. This means that, for instance in profile 1, the environmental contamination is not 
controlled, and this must be the first evaluation stage for a future revitalisation project, because 
without a correct control and rehabilitation of the environmental liability, no revitalisation 
project can be successfully implemented, especially if it is though for local population 
enjoyment.  
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To correctly control the environmental contamination, the aim for the MCDA on these profiles, 
should be the selection of engineering solution. However, this analysis can take into 
consideration possible revitalisation scenarios, so that, the engineering solution can be 
according not only to the environmental situation, but also considering the idea that might be 
considered for the revitalisation project. This can be considered as a precedence scenario, where 
the decision-makers (and stakeholders) not only analyse the best compromise solution, but also 
foresee the possible impact on the revitalisation stage. Profiles 1, 6, and 11 are the most complex 
ones because they should consider all aspects, from engineering solution (their goal) to the final 
managing responsibilities. However, the focus must be to the engineering solution. Up to the 
knowledge of ReviRIS team, the only MCDA method that enables this kind of modelling, with 
precedence, is SIMUS (2.4. MCDM methods - SIMUS). Therefore, SIMUS method will be used in 
profiles 1, 6, and 11. 

Regarding the MCDA goals for profiles 2, 7, and 12, since they already have ongoing field works 
for the environmental reclamation, the MCDA should be structured in a way that will allow for 
a pre-definition of a theme for the revitalisation projects. In other words, at this stage instead 
of assessing specific revitalisation projects, such as museum, lagoon, or other specific uses, 
ReviRIS suggests analysing a broader theme that will constraint future specific new land uses. 
This may provide decision-makers with information regarding possible small changes to the 
environmental reclamation field works and thus create better conditions for the specific 
revitalisation projects, within the theme selected. Due to the lesser complex nature of these 
goals, for these profiles, TOPSIS method can be used. 

For profiles 3, 8, and 13, naturally linked with the previous ones (2,7, and 12), the goal for the 
MCDA is the selection of specific new land uses, meaning the specific stage of revitalisation of 
this whole process. These profiles have the environmental field works already concluded, 
without possibility to implement changes on the engineering solution applied. However, they 
must take into consideration the monitoring plan of the environmental rehabilitation and 
potential future managing entities. Therefore, for these profiles, which require a certain level of 
complexity, the most suitable method is SIMUS. 

The goal for profiles 4, 9, and 14 regard the attribution of final responsibilities as they might 
have not been properly attributed. The importance of this MCDA goal can vary, because in 
profile 3, 8, and 13, the responsibilities should be accounted, and therefore the selected 
alternatives should have embedded a pre-defined managing entity. However, during field works 
some changes may happen and final responsibilities need to be re-evaluated. 

In profiles 13 and 14 is indicated that are equal to profiles 8 and 9, respectively, because in these 
specific situations the field work for environmental reclamation is similar. They also have a 
private entity responsible for the environmental liability, therefore they can be considered 
almost as the same. The difference relies on the aspect of being active or not active, which 
indicates that if there are other mine areas in operation (profiles 13 and 14) the alternatives 
must account for it. 

Lastly, profiles 5, 10, and 15 do not require any analysis, because the environmental reclamation 
and revitalisation process are all concluded, so the process is completed. However, it might 
happen that the revitalisation project, although full implement on site, the responsibility for the 
management and monitoring of the site was not considered and defined. If that is the case, this 
methodology can be used as if it was for a site of profile 4, 9, or 14.  

In Table 3-3 is represented a summary of MCDA goal and the profiles on which they should be 
applied. 
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Table 3-3: In this table is summarised the goals for the MCDA and the set of profiles where they should be 
considered. 

No. Goal for the MCDA Alternative’s scope Profiles 
MCDM 
method 

1 
Analyse the technical 
solutions to be implemented 
in the field 

Terrain modelling and engineering 
solution to contain or treat 
contamination and stabilise buildings 

Profile 1 – Abondoned mine 
Profile 6 – Not active mine 
Profile 11 – Active mine 

SIMUS 

2 
Define a general theme for 
the potential new land use 

Theme for revitalisation project 
Profile 2 – Abondoned mine 
Profile 7 – Not active mine 
Profile 12 – Active mine 

TOPSIS 

3 
Select the specific new land 
use 

Final revitalisation project 
Profile 3 – Abondoned mine 
Profile 8 – Not active mine 
Profile 13 – Active mine 

SIMUS 

4 Final responsibilities 
Management of responsibilities 

(new land use and monitoring) 

Profile 4 – Abondoned mine 
Profile 9 – Not active mine 
Profile 14 – Active mine 

TOPSIS 

5 No need for a MCDA 
Profile 5 – Abondoned mine 
Profile 10 – Not active mine 
Profile 15 – Active mine 

- 

3.2 Local conditions – the starting point to design and develop alternatives 

After the reasoning for the goal of the MCDA it is needed to develop alternatives for the 
evaluation. In ReviRIS methodology, the starting point for alternatives design are the site’s local 
conditions or, in other words, the intrinsic characteristics of each site. In this methodology, a set 
of local conditions for each profile group, based on the groups developed on Table 3-3, is 
proposed in APPENDIX 5 – Local conditions. However, with the further use of the tool to actual 
case studies this set of local conditions should be improved. 

The list of local conditions allows the decision makers and experts, working on the case study, 
to guide their studies of the intrinsic characteristics regarding different aspects.  

For profile 1, 6 and 11, the intrinsic characteristics should regard the environmental domains, as 
well as other critical domains. These domains correspond to water, soil, terrain, tailings and 
other mine residues, and infrastructures. The local conditions must represent the environmental 
situation, the kind of contamination, the level of stability of the buildings, tailings, and waste 
rocks, which is a characterisation of the site. With these local conditions, the alternatives must 
be designed based on the engineering solutions that may solve the environmental or stability 
situation on each domain. At the same time, it is needed to foresee the possible outcome of the 
engineering solution to start analysing possible revitalisation themes. 

The theme, that in profiles 1, 6, and 11 should be though only as a possibility, must be carefully 
analysed on profiles 2, 7, and 12. Since, in these profiles, the environmental field works are not 
concluded, but are ongoing, it is the best occasion to think on the theme for the revitalisation 
and, if needed, make minor changes on the ongoing field works. The local conditions that 
represent the intrinsic characteristics must be the expected results, from the selected 
engineering solutions, on each domain. The domains are the same, but the local conditions are 
different (see APPENDIX 5 – Local conditions).  
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The process described above is the same for profiles 3, 8, and 13. The difference relies on the 
fact that local conditions must be, now, though as the ones achieved (not expected), because 
the field works for the environmental reclamation are concluded. This allows for a grounded 
analysis on the specific new land use. With the environmental field works completed it is 
possible to better analyse which can be the alternatives regarding specific new land uses. 
According to the MCDA goals and Table 3-3, at the same time, the future managing 
responsibilities must be accounted, either for environmental monitoring or for the new land use 
management. 

Since local conditions represent the intrinsic characteristics of the site, in profiles 4, 9, and 14 
they must regard the specific new land uses and the domains that will require an environmental 
monitoring plan, which will be used to develop the possible ways of attributing managing 
responsibilities regarding the environmental monitoring and new land use management. 

Finally, profiles 5, 10, and 15 do not no need for MCDA goal, because the revitalisation stage is 
concluded, therefore, there is no need to develop alternatives. 

3.3 Topics – their use to complement alternatives and develop criteria 

On Deliverable 3.1 (D3.1) it was presented a list of criteria and attributes. However, the works 
conducted between D3.1 and this one has demonstrated that those lists must be considered as 
topics instead of criteria. This means that they must be used in a way to check if all relevant data 
to the case study is being used. 

The main topics regard Economics, Environment, Geoethics, Technical issues, Regional 
Development, and Social. Within each of these topics several sub-topics are described to help 
partitioners implementing this MCDA and develop the set of criteria that best fits to their case 
study, as well as to complement the design of alternatives. This means that regarding topics, a 
wider range of possibilities are allowed. However, considered the methodology herein 
proposed, Table 3-4 presents a suggestion of “not to be missed” topics that should be considered 
to complement information for alternatives (4th column) and to define criteria (5th column of the 
table). 
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Table 3-4: Suggestion of topics not to miss for the different MCDA goals. *These suggestions are not linked 
to the topics because the goal regards the managing and monitoring entities. 

No. Goal for the MCDA Profiles (TPMLP) 
Main topics to 

develop alternatives 
(suggestion) 

Main topics to 
develop criteria 

(suggestion) 

1 
Analyse the technical 

solutions to be 
implemented in the field 

TPMLP 1 – Abondoned mine 
TPMLP 6 – Not active mine 
TPMLP 11 – Active mine 

Environment 
Technical issues 

Economic 
Environment 

Technical issues 

2 
Define a general theme 
for the potential new 

land use 

TPMLP 2 – Abondoned mine 
TPMLP 7 – Not active mine 
TPMLP 12 – Active mine 

Geoethics 
Regional development 

Social 
Regional development 

Technical issues 

3 
Select the specific new 

land use 

TPMLP 3 – Abondoned mine 
TPMLP 8 – Not active mine 
TPMLP 13 – Active mine 

Geoethics 
Regional development 

Economic 
Social 

Technical issues 

4 Final responsibilities 
TPMLP 4 – Abondoned mine 
TPMLP 9 – Not active mine 
TPMLP 14 – Active mine 

Stakeholders involved* 
Monitoring and 

management strategies* 
Social 

Economic 
Social 

Regional Development 

5 No need for a MCDA 
TPMLP 5 – Abondoned mine 
TPMLP 10 – Not active mine 
TPMLP 15 – Active mine 

- - 

Alternatives 

The alternatives are first assessed (or though) when selecting the MCDA goal and the local 
conditions that apply to the site. However, there is also the need to complement that selection 
using concepts and ideas developed through the topics.  

For MCDA goal 1, the topics most relevant for it are the ones that allow the description of the 
environment and technical issues, because the goal is exactly the analysis of the technical 
solution possible to implement on site that will improve the environmental problems.  

For MCDA goal 2, the most useful topics relate with possible themes for the specific new land 
use, and for that geoethics and regional development are highly required. They are relevant to 
this goal because the reason for the existence of the mine is geological (the ore) and social (the 
need for the ore), therefore, the concepts and principles of geoethics should be applied, 
together with the regional development framework.  

Geoethics and Regional Development are the topics “not to be missed” also to complement the 
information for alternatives in MCDA goal 3. The difference between their use in goal 2 and 3 is 
with respect to the stage of the field works, because in goal 2 the field works are ongoing, so, it 
is not yet possible to be certain about the outcome, while in goal 3, the field works are 
concluded, and the outcome is known. With this, geoethics and regional development topics will 
complement the designing of alternatives for specific new land uses. 

Finally, the topics to complement alternatives for MCDA goal 4 are not directly linked to the 
topics. What will provide more insight into the design of alternatives for this goal are the 
stakeholders involved, which starts to be considered when selecting the profile, and the possible 
monitoring and management strategies. In Table 3-4 is suggested to include the social topics, 
because the involvement of stakeholders and the way the managing and monitoring strategy is 
defined should be according to social expectations. 
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Criteria 

The development of criteria to be included in the MCDA must be case specific because each site, 
although possible to fit into one category (e.g., a mine profile), has its own specific 
characteristics. The definition of criteria must be able to represent as close to reality as possible 
the site, but also the alternatives. They should indicate the actions to be taken (sub-chapter 2.2) 
and allow the use of proper performance values (sub-chapter 2.3). Considering the general 
characteristics provided by the TPMLP selection and their MCDA goal, Table 3-4 presents the 
topics “not to be missed” when developing criteria.  

For MCDA goal 1, the criteria construction must consider the topics presented in Table 3-4. The 
economic part is highly relevant for the implementation of any engineering solution, because it 
will constrain the possible set of “best” alternatives. The environmental and technical issues 
topics are core to this goal because they will provide a deep characterisation of the site and, 
therefore, the criteria allow to characterise the environmental issues as well as the technical 
issues that need to be solved. 

For MCDA goal 2, the most relevant topics are social, regional development and technical issues 
because, when defining a theme for the revitalisation, it must be considered its adaptation and 
meaning to local communities, its integration into the regional framework, and to take under 
consideration possible small changes to the engineering solutions.  

Regarding MCDA goal 3, the topics are economic, social, and technical issues. Once this goals 
regard specific new land uses, the economic topic is also crucial as it may constrain the set of 
“best” alternatives. The social topic in this MCDA goal should be used to assess the fitness of 
each alternative to social expectations. Finally, the topic technical issues should be considered 
because there are technicalities of the site (environmental conditions or technical restrictions) 
that may impose extra care. 

Last, the criteria for MCDA goal 4 must include, at least, economic, social, and regional 
development topics because the attribution of final responsibilities must align these three 
aspects: the economic potential that may lure different entities to become the new land use 
managers (whichever the use is), the social relevance of that entity, and the integration into the 
regional framework. 
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To summarise all explanations of this chapter (PART II – Workflows), Table 3-5 presents a matrix 
with all steps synthetised, and where it is possible to realise that to each TPMLP group will 
correspond a specific workflow. 

Table 3-5: Matrix with the relationships between TPMLP groups, MCDA goals, local conditions analysis, 
scope to design alternatives, and MCDM methods to be used. TPMPL 5, 10, and 15 are not present because 
they do not require the application of MCDA. 

 TPMLP 1, 6, and 11 TPMLP 2, 7, and 12 TPMLP 3, 8, and 13 TPMLP 4, 9, and 14 

MCDA goal 
Analyse the technical 

solutions to be implemented 
in the field 

Define a general 
theme for the 

potential new land use 

Select the specific new 
land use 

Final responsibilities 

Local 
conditions 

Domains’ environmental 
situation, kind of 

contamination, level of 
stability of the buildings, 
tailings, and waste rocks. 

Foreseeing possible themes 
for the revitalisation 

The expected results, 
from the selected 

engineering solutions, 
on each domain 

The achieved results, 
from the selected 

engineering solutions, 
on each domain 

The specific new land 
uses and the domains 

that will require an 
environmental 

monitoring plan 

Alternatives’ 
scope 

Terrain modelling and 
engineering solution to 

contain or treat 
contamination and stabilise 

buildings 

Theme for 
revitalisation project 

Final revitalisation 
project 

Management of 

responsibilities 

(new land use and 
monitoring) 

Criteria’s 
topics 

Economic 
Environment 

Technical issues 

Social 
Regional development 

Technical issues 

Economic 
Social 

Technical issues 

Economic 
Social 

Regional Development 

Method to 
be used 

SIMUS TOPSIS SIMUS TOPSIS 

 
Workflow 

1 
Workflow 

2 
Workflow 

3 
Workflow 

4 

The next chapter is intended to provide clearer workflows of the integration of all these aspects. 
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4 Part III – Overview of the methodology 

The starting point to use ReviRIS methodology is the selection of TPMLP as Figure 4-1 indicates. 

 

Figure 4-1: Process to select the TPMLP which will guide the following steps (also on APPENDIX 5). 

After the selection of the TPMLP, the MCDA goal and local conditions must be applied, and they 
are specific to each set of TPMLP (Table 3-5). This allows the definition of 4 main workflows that 
will guide the user throughout the development of criteria and alternatives, using the topics 
proposed in D3.1, which is what structures the IDM. At the same time each workflow has 
embedded the possible level of complexity for each profile.  

In Figure 4-2 the 4 workflows are schematically represented with its respective MCDA goal, a 
brief description of the local conditions, the alternatives’ scope, as well as the topics that should 
be used to develop alternatives and criteria, and finally, the method to be applied to the IDM. 
In this flow of processes, the colours the colours intend to make a simple representation of the 
stage of revitalisation, where the red (workflow 1) is the stage where nothing has been done, 
and the green (workflow 4) is the stage where what is missing is the attribution of final 
responsibilities. These workflows do not take into consideration a 5th workflow (for TPMLP 5, 10, 
and 15) because, in these profiles, the revitalisation is completed. 
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Figure 4-2: Scheme of the workflows presented in Table 3-5, which summarises the base for the definition 
of alternatives and criteria that will be used to create the IDM.  

The integration of all that has been discussed is presented in Figure 4-3, , including the 
discussions on previous deliverables of WP3. This scheme regards to the overall framework for 
ReviRIS methodology. However, in this framework, GIS data is not directly included because the 
way to integrate it can occur in two different ways: through criteria that is characterised by 
spatial data, or through the modelling at an independent stage, where the major tasks will be 
regarding local, regional, and national spatial data (if available). A simple draft of possible GIS 
integration into ReviRIS is presented in Figure 4-4. 

This deliverable intended to give the mathematical model that should be used, as well as a 
clearer image of the methodology. The following steps will focus on the integration of GIS into 
this methodology, scheduled to be delivered in December 2021, with the final methodology. 
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Figure 4-3: ReviRIS methodology steps (1st, 2nd, and 3rd) for the MCDA regarding PMLU decision. The 
workflows referred on the 2nd stage are the ones presented in Table 3-5. 

 

 

Figure 4-4: Possible GIS integration and relation with other methodology aspects. 
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APPENDIX 

APPENDIX 1 – Questionnaire example 

Question 1: In your opinion which is the most relevant criteria for post-mining revitalisation 
regarding REGIONAL DEVELOPMENT topic? (1 corresponds to the most relevant criteria and 4 
to the least relevant criteria) 

A. Bridging local needs 
B. Preference for proximity to local populations 
C. Climate change adaptation 
D. Impact of climate change on the alternative 

Question 2: In your opinion which is the most relevant criteria for post-mining revitalisation 
regarding TECHNICAL topic? (1 corresponds to the most relevant criteria and 4 to the least 
relevant criteria) 

A. Remining Potential 
B. Suitability of the available area 
C. Suitability of terrain conditions 
D. Need to adapt environmental remediation field works 

Question 3: In your opinion which is the most relevant criteria for post-mining revitalisation 
regarding ECONOMIC topic? (1 corresponds to the most relevant criteria and 4 to the least 
relevant criteria) 

A. Cost estimate for a project related to the objective 
B. Post-mining land use economic potential 
C. The time needed to start to enjoy the new PMLU 
D. Potential for private funding 

Question 4: In your opinion, among the main topic, which is the most relevant? (1 corresponds 
to the most relevant topic and 4 to the least relevant topic) 

A. REGIONAL DEVELOPMENT 
B. TECHNICAL 
C. ECONOMIC 

 

 



APPENDIX 2 – Data organisation from the questionnaire 

Using the questionnaire example from APPENDIX 1 – Questionnaire example, based on Pontiglione (2018b, 2018a). 

N1 

Question 1 Question 2 Question 3 Question 4 

A B C D A B C D A B C D A B C 

P2 R3 P R P R P R P R P R P R P R P R P R P R P R P R P R P R 

1 1st 0.521 3rd 0.146 4th 0.063 2nd 0.271 2nd 0.271 1st 0.521 3rd 0.146 4th 0.063 2nd 0.271 3rd 0.146 1st 0.521 4th 0.063 2nd 0.271 3rd 0.146 1st 0.146 

2 1st 0.521 4th 0.063 3rd 0.146 2nd 0.271 2nd 0.271 1st 0.521 4th 0.063 3rd 0.146 2nd 0.271 3rd 0.146 1st 0.521 4th 0.063 1st 0.521 2nd 0.271 3rd 0.521 

3 3rd 0.146 2nd 0.271 1st 0.521 4th 0.063 4th 0.063 3rd 0.146 1st 0.521 2nd 0.271 1st 0.521 3rd 0.146 4th 0.063 2nd 0.271 3rd 0.146 1st 0.521 2nd 0.271 

…                               

Average 0.396  0.160  0.243  0.202  0.202  0.396  0.243  0.160  0.354  0.146  0.368  0.132  0.313  0.313  0.313 

Normalisation 
1.001 1.001 1.001 0.938 

0.396  0.160  0.243  0.201  0.201  0.396  0.243  0.160  0.354  0.146  0.368  0.132  0.333  0.333  0.333 

1N is the number of the questionnaire. 
2P is the ranked position of that answer, according to the preferences of the respondent. 
3R represents the ROC weight according to “P” that the respondent selected (see APPENDIX 3 – Ranked Order Centroid (ROC) weights). 

Explanation of the value R, based on questionnaire no. 1 and question 1: 

In question 1, there are 4 answers to rank (A, B, C, and D). This is the “Number of elements to be ranked” from APPENDIX 3 – Ranked Order Centroid 
(ROC) weights, from which, the ROC weights are selected. In this case, the ROC weights selected are 0.521, 0.271, 0.146, and 0.063. They will be inserted 
on each answer (A, B, C or D) depending on the ranking that each respondent gave. 

Each question, on each line, must have all considered ROC weights, because each line is one single questionnaire. However, each column, on each 
question, can have only one ROC weight, because different respondents (different lines) can have the same preferences, so the ranked position of the 
answers can be the same. 

 



APPENDIX 3 – Ranked Order Centroid (ROC) weights 

Rank position 
Number of elements to be ranked 

2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 

1 0.750 0.611 0.521 0.457 0.408 0.370 0.340 0.314 0.293 0.275 0.175 0.245 0.232 0.221 0.211 

2 0.250 0.278 0.271 0.257 0.242 0.228 0.215 0.203 0.193 0.184 0.134 0.168 0.161 0.155 0.149 

3  0.111 0.146 0.157 0.158 0.156 0.152 0.148 0.143 0.138 0.106 0.129 0.125 0.121 0.118 

4   0.063 0.090 0.103 0.109 0.111 0.111 0.110 0.108 0.085 0.104 0.101 0.099 0.097 

5    0.040 0.061 0.073 0.079 0.083 0.085 0.085 0.085 0.084 0.083 0.082 0.081 

6     0.028 0.044 0.054 0.061 0.065 0.067 0.068 0.069 0.069 0.069 0.069 

7      0.020 0.033 0.042 0.048 0.052 0.054 0.056 0.057 0.058 0.058 

8       0.016 0.026 0.034 0.039 0.043 0.045 0.047 0.048 0.049 

9        0.012 0.021 0.027 0.032 0.036 0.038 0.040 0.041 

10         0.010 0.017 0.023 0.027 0.030 0.033 0.034 

11          0.008 0.015 0.019 0.023 0.026 0.028 

12           0.007 0.012 0.017 0.020 0.023 

13            0.006 0.011 0.014 0.017 

14             0.005 0.009 0.013 

15              0.004 0.008 

16               0.004 

 

 

 



APPENDIX 4 – Decision process to select the Transitional Post-Mining Landscape Profiles 

 
 



APPENDIX 5 – Local conditions 

P1, P6, and P11 
P2, P7, and P12 (expected)  

P3, P8, and P13 (achieved) 
P4, P9, and P14 

Domain Description Domain Description Domain Description 

Water 

Widespread AMD 

Water 

Acidic water body (no treatment) 

New land use 

Specific use 1 

Confined AMD Acidic water body (passive treatment) Specific use 2 

Local AMD Treated water body (active treatment) Specific use … 

Arsenic content Treated water body, but not potable 

Environmental 
monitoring 

Water 

No contamination Treated water body and potable Soil 

Soil 

Heavy metals widespread 

Soil 

Soil removed Terrain 

Heavy metals confined Recovered soil  
Tailings and other 
mine residues 

Heavy metals localised Technossols applied Infrastructures 

No contamination Tailing’s dam covered with a study of the potential for future remining   

Tailings and 
other mine 

residues 

Tailing’s dam unstable and unprotected 

Tailings and 
other mine 

residues 

Tailing’s dam covered without a study of the potential for future remining   

Tailing’s dam stable but unprotected 
Waste rocks dumps covered with a study of the potential for future 
remining 

  

Tailing’s dam stable and protected 
Waste rocks dumps covered without a study of the potential for future 
remining 

  

Waste rocks dumps unstable and unprotected 

Infrastructures 

Demolished buildings    

Waste rocks stable but unprotected Stabilised buildings   

Waste rocks stable and protected Recovered buildings   

Infrastructures 

Building in ruin and endangering safety recovering works 

Terrain 

Historical subsidence or potential to slope instability    

Building in ruin but in safety conditions for recovery works Unsuitable geomorphology for the movement of people   

Building in good state, but in need of some improvements Landform not yet naturally stable   

Buildings in good state Difficult access to people   

Terrain 

Risk of landslides Underground galleries filled and stabilised.   

Risk of subsidence Underground galleries stabilised but not filled.   

Underground unstable galleries     

Underground stable galleries     

Risk of flooding     

Risk of water inflow     
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