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thanks to some modifications the methodology can also be applied by another entity conducting 25 

the liquidation of mines. 26 

Originality/value: The presented cost assessment procedure may help The Management Board 27 
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a situation where the scientific literature in this area is extremely scarce. 30 
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1. Introduction 1 

After 1989 changes of political system affected the Polish economy. The economy had to 2 

be changed very quickly from centrally controlled to free market. In the hard coal mining 3 

industry those changes have a big influence on their processes. During the political system 4 

transformation the hard coal mining was completely unadjusted to the rules of the market 5 

competition with the huge overproduction, the excess of employment and the huge amount of 6 

non-productive assets. 7 

Since the beginning of the 1990s the Polish hard coal mining industry has been 8 

implementing restructuring activities aimed at adapting the industry to the needs and conditions 9 

of the market economy. The most rational way of reducing costs in this industry is to liquidate 10 

nonprofit mines which have not got coal resources any more or which give unprofitable 11 

exploitation in particularly unfavorable mining and geological conditions.  12 

The mine liquidation process started in 1994 and is still carrying out by Spółka 13 

Restrukturyzacji Kopalń S.A. established in 2000. The liquidation and securing of mining 14 

excavation sites or the liquidation of buildings from mining plants are carried out by 8 Branches 15 

of SRK S.A. (www.srk.com.pl). The Property Management Department deals with the 16 

management of industrial property after liquidated mines and The Housing Resource 17 

Administration is responsible for the management of non-industrial assets (apartments, garages, 18 

commercial premises, etc.) As a part of the securing of neighboring mines against flooding,  19 

the Company is also responsible for pumping water from sites of previously closed mines. 20 

Until the end of 2023 on the basis of European Union approval, the Polish government 21 

obtained permission to finance the liquidation from the state budget. The value of the subsidy 22 

will amount to approximately 5 billion PLN. Because of such financial outlays it is relevant to 23 

lead the processes of rationalization and minimization of the costs incurred what requires  24 

a complex scientific approach. Such research has not been conducted so far.  25 

2. Research problem  26 

The existence of the mine is not only the period of extraction but also the period of its 27 

liquidation. Reducing the capital intensity of liquidated hard coal mines is a problem that affects 28 

both Mining Communities and the state budget. A lack of instruments and tools which support 29 

the cost management is one of the reason limiting the improvement of liquidation efficiency. 30 

In the hard coal mining industry, no comprehensive solutions tailored to the specifics of the 31 

industry have been developed so far. Solutions which have been developed concern mainly on 32 
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selected issues related to the efficiency of mining process or preparatory works. (Jonek-1 

Kowalska, 2013; Przybyła, Chmiela, 2002, 2007; Turek, 2013; Turek, Jonek-Kowalska, 2013).  2 

The total cost of liquidation of 17 mines in SRK S.A. since 2015 has amounted to 3 

approximately 5 billion PLN at the end of 2020. The average cost of liquidated branch is around 4 

250 to 300 million PLN. In the case of liquidation of mines, no scientific research has been 5 

conducted so far to improve efficiency and effectiveness of its processes. The available 6 

literature concerns only on general issues related to that problem (Grajewski, 2012; Riesgo  7 

et al., 1997, 2000, 2001, 2003). 8 

The process management in SRK S.A. requires further research in this area. The presented 9 

publication tries to propose a cost management support tool and identify research areas and 10 

problems that require further analysis. The method and conclusions presented will be the basis 11 

for further research aiming at improving the effectiveness and efficiency of the processes which 12 

are carrying out in the company dealing with liquidation of mines (Dźwigoł, 2007; Grajewski, 13 

2012; Skrzypek, Hofman, 2010).  14 

3. Research methods  15 

An introduction of the process management system in SRK S.A. requires having knowledge 16 

about the current state of liquidation processes and ability to propose a tool for assessing the 17 

course of these processes. An additional aim of this research was to identify further areas and 18 

research problems that need to be solved. The aim was achieved in three stages (Table 1).  19 

The research plan was carried out on the basis of actual data collected which were concerned 20 

on existing processes of mines liquidation. The processes of mines liquidation and the 21 

liquidation plan for 17 mines or their parts were analyzed in a period from 2015 to 2023.  22 

In the group which was researched there were 6 liquidated mines or their parts and 11 mines or 23 

their parts which are currently liquidated in 8 Branches of SRK S.A. (www.srk.com.pl). 24 

Table 1.  25 
Methods and results of their use in individual research stages 26 

Research stage Research Methods Results of the use of research methods 

I 

- Study of literature 

- Analysis 

- Synthesis 

- Direct interview 

- An analysis of the current state of the process 

management in SRK S.A. 

- Development of the methodology of the assessment of 

the liquidation process 

II 

- Face-to-face interview 

- Panel studies 

- Analysis 

- Synthesis 

- A statistical analysis of the researched liquidation process 

- Proposition of a tool for assessing the course of 

liquidation process 

- Indication of research areas and problems 

III 
- Analysis 

- Synthesis 

- Verification of the results 

- Indication of further areas and research problems 

Source: An own study. 27 
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In the first stage, the available literature on the management processes was analyzed and 1 

compared with personal experience of the mine liquidation. The possibility of adapting the 2 

process management concept to the specificity of SRK S.A. was analyzed. The results of the 3 

analysis made it possible to prepare data used in the second stage. 4 

In the second stage, a statistical analysis of the researched liquidation process in SRK S.A. 5 

was carried out. During the research a face-to-face interview with The Management Board and 6 

Directors of Branches was conducted so as to explain deviations of actual values from their 7 

mean values. During this stage questions about the character of the process, technical problems 8 

while their implementation, the correctness of their course or suggestions for possible changes 9 

in a liquidation practice were asked. The process courses according to the Figure 1. Based on 10 

interviews with experts a methodology of general evaluation of the course of mines liquidation 11 

in SRK S.A. was prepared. This methodology is verified in the third stage of research.  12 

The research identify areas and problems that need to be solved. 13 

In the third stage, the correctness of the proposed methodology of mines liquidation 14 

processes evaluation was checked. The correctness of the process assessment tool was carried 15 

out on the basis of hypothetical new Branches of SRK S.A. This stage also revealed further 16 

unresolved areas and research problems. 17 

 18 

 
Figure 1. A map of the process of the research method. Source: An own study. 19 
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4. Findings 1 

The authors use the term “liquidation process”. This concept is related to the phenomenon 2 

of the cyclicality. In the case of the mine liquidation we can distinguish some constantly 3 

occurring activities with a cycle length from 2 to 8 years therefore the mine liquidation 4 

operations can be treated as a long-term processes. In SRK S.A. the physical liquidation of mine 5 

is carried out with a division of 10 component processes. These processes are called 6 

“schedules”. However, due to the possibility of misinterpretation of this word, the authors will 7 

use the term “process” in this publication. The mine liquidation processes in SRK S.A. are 8 

presented in the Table 2. Moreover, a map of the mine liquidation processes in SRK S.A.  9 

in a cost approach is presented in Figure 2.  10 

Table 2.  11 
The mine liquidation processes in SRK S.A. 12 

1. Liquidation and securing of excavation gates 

2. Liquidation and securing of shafts and pits 

3. Protection of neighboring mines against water, gas and fire hazards 

4. Liquidation of the mine's infrastructure 

5. Land reclamation 

6. Maintaining the facilities for liquidation in sequence ensuring safe liquidation of the mining plant 

7. 
Carrying out security works and measures to prevent hazards in connection with the liquidated mining 

plant 

8. 
Development of the required projects, documentation, opinions, expertise and analyses related to the 

closure of the mine 

9. Repair of damage caused by mining plant operations 

10. General management of the tasks performed during the mine closure 

Source: Data from SRK S.A. 13 

 
Figure 2. A map of the mine liquidation processes in SRK S.A. in a cost approach Source: Smoliło, 14 
Chmiela, 2021. 15 

So as to create the process management system in SRK S.A. it is necessary to develop tools 16 

which support the management of process liquidation costs and identify in a qualitative and 17 

quantitative way additional areas and research problems that need to be solved. The aim was 18 

achieved in three stages (Table 1). The research plan was carried out on the basis of actual data 19 

concerning the existing mine liquidation processes. The research was conducted according to 20 

updated liquidation programs. 21 
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SRK S.A. has 8 Branches that deal with mine liquidation (www.srk.com.pl). For the 1 

research purposes the branches was divided into the storage mines. In this way a group of  2 

11 branches was obtained. In order to increase the credibility of the research results,  3 

also 6 previously liquidated branches were analyzed. Summing up, 17 cases of mine plant 4 

liquidation were analyzed. In the research the authors ranked the liquidated branches in order 5 

of decreasing total cost. Due to the incomparability of costs in different years caused by 6 

inflation and changes in the cost of obtaining labor the coefficient of correction was used.  7 

The analysis took into account the liquidation cost estimated at the end of 2020. The branches 8 

were divided into their size resulting from the total cost of their liquidation. At this time,  9 

SRK S.A. carries out the liquidation according to the updated liquidation programs which 10 

should end before 2024. Nevertheless, it needs to be taken into account that because of  11 

COVID-19 the liquidation processes may be extended. Table 3 presents the division of 12 

liquidated Branches of SRK S.A. subjected to statistical analysis. In order not to reveal sensitive 13 

data the costs are calculated as a percentage value of total liquidation costs. 14 

Table 3.  15 
Liquidated Branches of SRK S.A. subjected to statistical analysis 16 

Branch B1 B2 B3 B4 B5 B6 B7 B8 B9 

Liquidation cost 16,16% 12,75% 10,27% 9,98% 8,94% 6,93% 6,19% 5,88% 5,43% 

Branch B10 B11 B12 B13 B14 B15 B16 B17  

Liquidation cost 4,30% 3,00% 2,78% 2,24% 1,88% 1,62% 1,34% 0,32%  

Source: An own study. 17 

In SRK S.A. a statistical mine is liquidated for less than 5 years, the average cost of 18 

liquidated branch is 5,88% of total cost of liquidation and each year of liquidation of the branch 19 

increases the total costs by 1,2% of this value. Every liquidated mine is different so there is no 20 

surprise that data is diverse. The average cost of liquidation of a small branch is 13,8% of the 21 

average cost of liquidation of a large branch. It is similar in the case of liquidation time where 22 

the minimum time of liquidation is 2 years and the maximum time is 8 years. The differentiation 23 

is even greater during the calculation of large, medium and small branches. In this case the cost 24 

of the largest branch liquidation is even 40 times bigger than the cost of the smallest branch 25 

liquidation. 26 

During the statistical analysis of such diverse research group the problem of significant 27 

differentiation in the amount of cost incurred was encountered. It was analyzed by the 28 

coefficient of compliance according to the formula: 29 

𝑉 =
𝑠

�̅�
∗ 100%  (1) 30 

where: 31 

V – compliance coefficient, 32 

s – standard deviation, 33 

�̅� – arithmetic average. 34 
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Taking into account all branches the coefficient of differentiation was so high that further 1 

statistical analysis of mining liquidation as whole had to be resigned. Not only the size of the 2 

average coefficient of variation of the cost of liquidation process was calculated but also the 3 

coefficient of variation of total liquidation costs. The results are presented in Table 4.  4 

It has been found that the average coefficient of variation of the cost of liquidation process is 5 

not indicative and will be provided only for comparative purposes. Its variability results from 6 

different models of liquidation and changeable costs incurred in a various component processes. 7 

As an example the increase in costs for the construction of the pumping station will be 8 

“compensated” by the reduction of costs of shafts and workings liquidation. To state whether 9 

the analyzed group is statistically uniform the coefficient of variation of total liquidation costs 10 

was compared. For all the liquidated branches this coefficient amounted to 75,92% which 11 

proves enormous variability of the results. 12 

Table 4.  13 
The size of the coefficient of variation in the grouping of liquidated branches 14 

1. An analysis of Branches of SRK S.A. as a one group 

Branches included in the group All 

I The average coefficient of variation of the cost of liquidation process 119,41 

II The coefficient of variation of total liquidation costs 75,92 

2. A division according to the size of the branch (three groups) 

 Large Medium Small 

Branches 1, 2, 3, 4, 5, 9 6, 7, 8, 10, 11, 14, 16 12, 13, 15, 17 

I 73,15% 114,22% 63,96% 

II 34,19% 52,36% 61,00% 

average 49,18% 

3. A division according to the amount of the liquidation cost (four groups) 

 Large  Medium larger Medium smaller Small  

Branches 1, 2, 3, 4 5, 6, 7 8, 9, 10, 11 12, 13, 14, 15, 16, 17 

I 72,31% 61,18% 91,12% 59,9% 

II 23,29% 19,4% 27,62% 49,66% 

average 29,99% 

Source: An own study. 15 

Another attempt to improve costs compliance was to propose the division of the liquidated 16 

mines due to their physical size. The division into large, medium and small mines was made. 17 

In large and small groups we could find mines that are liquidated as a whole and in medium 18 

groups we could find mines that are partly liquidated. Much better cost compliance was 19 

achieved (49,18%) especially in the case of large branches (34,19%). However, worse results 20 

were achieved in the case of small branches (61%) and that determined the search for  21 

an alternative division into groups. Ultimately the division of branches was made according to 22 

the total cost of liquidated branch. Table 5 presents the principles of the proposed statistical 23 

division into groups that are analyzed. 24 

  25 
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Table 5.  1 
A division of branches according to the amount of the liquidation cost 2 

Group Group characteristic Cost range Amount of Branches 
A share of the total 

cost 

A All  0 to 100% 17 100 % 

L Large 
9% (inclusive) to 

100% 
4 49,2 % 

ML Medium larger 6% (inclusive) to 9% 3 22,1 % 

MS Medium smaller 3% (inclusive) to 6% 4 18,7 % 

S Small 0 do 3% 6 10,2 % 

Source: An own study. 3 

The results of the division into 4 groups were more satisfactory (29.99%) especially in the 4 

group of medium larger branches (19,4%). In that group the high cost compliance was achieved. 5 

Nevertheless taken into consideration must be the fact that lower cost compliance appears in 6 

the group of small branches. Table 6 presents the statistical data of liquidation of analyzed 7 

group. 8 

Table 6.  9 
Statistical characteristic of analyzed group 10 

Branches A L ML MS S 

Average time of liquidation - [years] 4,9 6,5 6,0 4,3 3,7 

Minimum liquidation time - [years] 2 5 5 4 2 

Maximum liquidation time - [years] 8 8 7 5 5 

Average cost of liquidated branch 5,88% 12,29% 7,35% 4,65% 1,70% 

Average annual cost of liquidation 1,2% 1,9% 1,2 1,1% 0,5% 

Source: An own study. 11 

In the entire process of mine liquidation only 11,1% of total cost is allocated to the physical 12 

liquidation of underground workings and surface facilities (the sum of processes 1, 2 and 4) 13 

which is the fourth largest cost of liquidation. As a result, almost 89% costs incurred are spent 14 

on activities related to handling of liquidation. The largest group of costs (35,5%) are costs 15 

incurred to secure the liquidated mine (Process 7). The second largest group of costs are costs 16 

while maintenance of facilities dedicated to liquidation (Process 6). That group consumes 17 

almost 19% of financial outlays. The third group are costs of general management (Process 10) 18 

which accounts for approximately 16% of total costs. 19 

Table 7 presents the percentage share of the cost of liquidation process in the total cost with 20 

a division into groups. With around 5 billion PLN of subsidy even a small percentage correction 21 

of the cost of liquidation processes has a big influence on budget savings. In each of the 22 

presented component process of liquidation some savings can be found. Only the mining 23 

damage process (Process 9) is independent of the Management Board and in that case the cost 24 

rationalization can be only found in the correctness and timeliness of compensation payments.  25 

  26 
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Table 7.  1 
Percentage share of the cost of liquidation process in the total cost 2 

The process of liquidation A L ML MS S 

Process 1 (liquidation of excavations) 1,32% 0,79% 0,13% 0,31% 0,08% 

Process 2 (liquidation of shafts and pits) 4,61% 1,45% 0,31% 2,01% 0,84% 

Process 3 (securing of neighboring mines) 7,59% 4,93% 2,64% 0,01% 0,00% 

Process 4 (liquidation of area facilities) 5,16% 2,59% 1,20% 0,81% 0,57% 

Process 5 (land reclamation) 2,75% 0,98% 0,38% 1,39% 0,00% 

Process 6 (maintenance of facilities above) 18,65% 6,66% 4,03% 3,99% 3,97% 

Process 7 (securing of liquidated mine) 35,49% 21,20% 8,56% 4,30% 1,42% 

Process 8 (projects, expertise etc.) 0,86% 0,40% 0,22% 0,15% 0,10% 

Process 9 (mining damage) 7,66% 3,17% 0,75% 3,15% 0,58% 

Process 10 (general management) 15,91% 6,98% 3,84% 2,48% 2,60% 

Sum 1, 2 and 4 (liquidation) 11,10% 4,83% 1,64% 3,14% 1,49% 

Source: An own study. 3 

In the liquidation cost analysis of such diverse “population” of liquidated mines certain 4 

regularities can be found. The increase of costs is mostly related to the “scale” of the project. 5 

Usually higher liquidation costs are connected with the size of the branch so they depend on 6 

the number of liquidated facilities and this is the result of other costs. Table 8 shows the average 7 

percentage share of the cost of liquidation process of the branch in the total cost. 8 

Table 8.  9 
Average percentage share of the cost of liquidation process in the total cost 10 

The process of liquidation A L ML MS S 

Process 1 (liquidation of excavations) 0,08% 0,20% 0,04% 0,08% 0,01% 

Process 2 (liquidation of shafts and pits) 0,27% 0,36% 0,10% 0,50% 0,14% 

Process 3 (securing of neighboring mines) 0,45% 1,23% 0,88% 0,00% 0,00% 

Process 4 (liquidation of area facilities) 0,30% 0,65% 0,40% 0,20% 0,09% 

Process 5 (land reclamation) 0,16% 0,25% 0,13% 0,35% 0,00% 

Process 6 (maintenance of facilities above) 1,10% 1,66% 1,34% 1,00% 0,66% 

Process 7 (securing of liquidated mine) 2,09% 5,30% 2,85% 1,07% 0,24% 

Process 8 (projects, expertise etc.) 0,05% 0,10% 0,07% 0,04% 0,02% 

Process 9 (mining damage) 0,45% 0,79% 0,25% 0,79% 0,10% 

Process 10 (general management) 0,94% 1,75% 1,28% 0,62% 0,43% 

Source: An own study. 11 

Each of those processes conducted in SRK S.A. is very complex and depend on many 12 

different factors. In the analysis presented below the authors tried to indicate only the most 13 

important factors that have influence on the cost of individual liquidation processes. The authors 14 

point out that estimation of liquidation costs cannot be based only on the factors mentioned and 15 

it must always be a comprehensive and multi – criteria process. 16 

SRK S.A. spends about 1,32% of the total costs on Process 1 connected with the liquidation 17 

of excavations. The mean value for the statistical branch is 0,08%. According to the opinions 18 

of the experts this cost depends mainly on the number of independent sidings that can be 19 

insulated with the help of dams and natural hazards. In the event of methane hazard the increase 20 

in cost of liquidation is due to the need of installation of explosion- proof plugs. An additional 21 

cost in this process can be the cost of recovering the equipment of liquidated excavation.  22 

Work aimed at recovery of equipment should be supported by a cost effectiveness analysis.  23 
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The increase in the cost of liquidation of medium smaller branches results from the fact that 1 

this group included separate parts of mines which had been small independent mines with lots 2 

of working and shafts before. 3 

The liquidation of shafts and pits (Process 2) absorbs 4,61% of the total liquidation costs. 4 

The mean value of the branch is 0,27% of this cost. The cost of this process results from the 5 

amount of shafts, their volume (length and diameter) and the number of available levels and 6 

hazards. In the case of large branches the increase in costs is connected with the liquidation of 7 

entire mine. The deviation of amount of costs in the process in medium smaller branches 8 

follows similarly to Process 1. It is caused by the nature of liquidated branches.  9 

SRK S.A. allocates 7,59% of liquidation costs for securing of neighboring mines. In that 10 

case it is hard to mention the mean value. In the majority of cases the securing of neighboring 11 

mines is conducted or not. It is related to the target model of liquidated mine. The cost of 12 

securing the neighboring mines depends on the geology of its deposit and the most important 13 

decisive factor for the necessity to conduct this process is the possibility of flooding neighboring 14 

active mine. An open research problem is the difference between the total cost of liquidation of 15 

the mine and the cost of liquidated mine leaving the pumping station. 16 

According to Table 8 the liquidation of area facilities (Process 4) runs in accordance with 17 

the size of the branch and consumes 5,16% of total cost of liquidation. In this case some 18 

approximation can be taken. If all branches have the same aim, they will have the same objects 19 

with the significant difference that small branches have small objects and low cost of liquidation 20 

and large branches have huge objects and high cost of liquidation. According to the experts 21 

opinion, the cost of this process results from the amount of objects, their structure and volume. 22 

SRK S.A. allocates 2,75% of costs for land reclamation (Process 5). In that case,  23 

as in Process 3, the mean value is not reliable. In some of the branches land reclamation is not 24 

carried out because of the fact that in most cases a part of the mine is usually liquidated that is 25 

situated in the area of active mine. The most important cost factor in this process is the area of 26 

reclamation. 27 

The cost related to the maintenance of facilities above (Process 6) as in Process 4 grows 28 

with the size of liquidated branch. SRK S.A. allocates 18,65% of total cost liquidation  29 

and 1,1% on average for a branch. The size of this cost is related to the amount of objects,  30 

their structure and volume held until their physical liquidation and also to the period of waiting 31 

for liquidation. Every delay of liquidation causes an increase in outlays. Taking this aspect into 32 

account savings should be sought.  33 

The securing of liquidated mine (Process 7) is similar to Process 4 and 6. The cost increases 34 

within the size of the branch. In the case of mine liquidation it is the most capital intensive 35 

process. SRK S.A. allocates around 35,49% of total costs. Experts claim that the greatest impact 36 

in this process has the size of a mine which is associated with the amount of objects that requires 37 

securing and the size of the area that need to be protected. Minimizing the period of liquidation 38 

would significantly reduce the costs incurred in this process. 39 
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In Process 8 external entities are commissioned to carry out projects, expert opinions or 1 

analysis which are required by regulations. SRK S.A. allocates 0,86% of total costs.  2 

Data analysis shows that the cost increases with the size of the branch. The variety performed 3 

in this process is so huge that it is impossible to identify the dominant factor. The best way to 4 

reflect the reality is to refer to the widely understood size of the branch. Rationalization of this 5 

process cannot result from the amount of commissioned work because these result from 6 

separate regulations. Rationalization should result from economical spending of money for 7 

individual orders. 8 

As it was mentioned before, it is a little influence on the costs incurred in Process 9 9 

connected with mining damage. The necessity of payments results from legal consequences of 10 

previous mining activities. It can be assumed that the value of the cost connected with the area 11 

of influence of conducted exploitation in the period of 5 years preceding the end of production. 12 

SRK S.A. allocates 7,66% of total outlays. Some of the analyzed branches do not bear costs in 13 

this process because they were taken over without mining areas and SRK S.A. in that cases is 14 

not a legal successor.  15 

Process 10 referring to the costs of general management is the third according to the size of 16 

outlays incurred. SRK S.A. allocates 15,91% of outlays for liquidation processes. The cost of 17 

this process increases with the size of the branch. In this case the dominant factors influencing 18 

the amount of expenditure are salaries, employee claims, taxes and fees.  19 

The statistical analysis made it possible to propose an assessment method of the amount of 20 

the estimated cost of possible liquidation of mines independently from the company responsible 21 

for liquidation. This method signals to the designer obtained cost deviations of mine liquidation 22 

as a whole or in division to particular processes. Due to the significant diversity of analyzed 23 

branches it will depend on the user how far the estimated costs may be from the base value.  24 

To better illustrate the assessment in this publication the acceptable deviation on the level of 25 

20% was assumed. The compliance rate of this value shows that results are very consistent.  26 

The mean value which was calculated for each group of branches that was reduced and 27 

increased by the standard deviation was calculated for the value of the consistency factor giving 28 

the upper and lower of the acceptable cost range. Signaling exceeding the upper limit in red and 29 

the lower limit in green may indicate mistake which were made in estimating of liquidation 30 

cost. In that case, the correctness of the process of estimated cost liquidation should be analyzed. 31 

Due to the huge diversity of liquidated mining plants signaling of deviation from the mean value 32 

is not the same as finding mistakes. The differences may result from the specific nature of the 33 

liquidated plant. Additionally, the authors proposed signaling on yellow the fact of not incurring 34 

costs in a given process. It is both information and a question directed to the designer whether 35 

this process should actually be skipped.  36 

 37 



 

Table 9.  

A list of the costs of liquidated branches analyzed with the deviation of the average value (a comparison method) 

Group Large  Medium larger Medium smaller Small 

Branch B1 B2 B3 B4 B5 B6 B7 B8 B9 B10 B11 B12 B13 B14 B15 B16 B17 

∑ costs 16,16 12,75 10,27 9,98 8,94 6,93 6,19 5,88 5,43 4,30 3,00 2,78 2,24 1,88 1,62 1,34 0,32 

Percentage share of the liquidated cost of analyzed branch according to the total cost 

Process 1 0,28 0,22 0,19 0,10 0,05 0,06 0,02 0,04 0,24 0,03 0,01 0,01 0,01 0,02 0,01 0,04 0,00 

Process 2 0,28 0,36 0,06 0,76 0,08 0,15 0,09 1,29 0,49 0,03 0,20 0,18 0,21 0,10 0,12 0,21 0,03 

Process 3 4,40 0,53 0,00 0,00 1,12 1,52 0,00 0,00 0,00 0,00 0,01 0,00 0,00 0,00 0,00 0,00 0,00 

Process 4 0,31 1,12 0,40 0,76 0,38 0,42 0,39 0,12 0,41 0,03 0,26 0,11 0,08 0,03 0,18 0,16 0,01 

Process 5 0,02 0,10 0,05 0,81 0,38 0,00 0,00 0,86 0,30 0,00 0,23 0,00 0,00 0,00 0,00 0,00 0,00 

Process 6 1,24 1,32 1,16 2,94 0,47 1,82 1,74 1,94 1,22 0,17 0,66 0,96 1,28 0,42 0,80 0,27 0,24 

Process 7 6,93 5,44 6,52 2,31 4,87 1,64 2,05 0,43 1,31 1,77 0,79 0,29 0,25 0,38 0,07 0,43 0,00 

Process 8 0,12 0,18 0,03 0,07 0,07 0,08 0,06 0,03 0,03 0,03 0,06 0,01 0,03 0,02 0,02 0,01 0,01 

Process 9 0,85 1,28 0,41 0,63 0,08 0,09 0,58 0,74 0,64 1,65 0,13 0,28 0,07 0,23 0,00 0,00 0,00 

Process 10 1,73 2,19 1,45 1,61 1,44 1,14 1,25 0,44 0,79 0,59 0,66 0,93 0,33 0,67 0,42 0,22 0,03 

Percentage share of the liquidated cost of analyzed branch according to the cost of the process 

Branch B1 B2 B3 B4 B5 B6 B7 B8 B9 B10 B11 B12 B13 B14 B15 B16 B17 

Process 1 21,0 16,8 14,4 7,8 3,5 4,7 1,5 2,9 18,1 2,2 0,6 1,0 0,6 1,2 0,6 2,9 0,0 

Process 2 6,0 7,8 1,2 16,4 1,7 3,2 1,9 28,0 10,6 0,7 4,4 4,0 4,5 2,1 2,6 4,5 0,6 

Process 3 58,0 7,0 0,0 0,0 14,8 20,0 0,0 0,0 0,0 0,0 0,2 0,0 0,0 0,0 0,0 0,0 0,0 

Process 4 6,0 21,7 7,8 14,7 7,4 8,1 7,6 2,3 7,9 0,5 5,1 2,2 1,5 0,7 3,5 3,0 0,1 

Process 5 0,9 3,8 1,8 29,3 13,8 0,0 0,0 31,4 10,9 0,0 8,2 0,0 0,0 0,0 0,0 0,0 0,0 

Process 6 6,7 7,1 6,2 15,8 2,5 9,7 9,3 10,4 6,5 0,9 3,5 5,1 6,8 2,2 4,3 1,5 1,3 

Process 7 19,5 15,3 18,4 6,5 13,7 4,6 5,8 1,2 3,7 5,0 2,2 0,8 0,7 1,1 0,2 1,2 0,0 

Process 8 13,8 21,1 3,3 7,8 8,0 9,8 7,4 3,1 4,0 3,1 6,7 1,4 3,2 2,3 2,5 1,4 1,1 

Process 9 11,1 16,8 5,3 8,2 1,1 1,2 7,6 9,6 8,3 21,5 1,7 3,7 0,9 3,1 0,0 0,0 0,0 

Process 10 10,9 13,8 9,1 10,1 9,1 7,2 7,9 2,7 5,0 3,7 4,2 5,9 2,1 4,2 2,6 1,4 0,2 

Source: an own study. 
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Table 9 presents a list of the costs of liquidated branches analyzed with the deviation of the 1 

average value. A huge discrepancy in the obtained data may be alarming. The coefficient of 2 

convergence calculated for the entire “population” of liquidated mining plants exceeds 70% 3 

which proved that analyzed data is very inconsistent. During the statistical analysis people who 4 

are in charge of liquidation of analyzed branches were interviewed. Interviews allow to explain 5 

most of the deviations of the actual values from their mean values. We can assume the 6 

correctness and compliance with “the mining art” of conducted liquidation process. Tabular 7 

data are monetary values converted into a percentage value in relation to the total cost of 8 

liquidation and in relation to the total cost of individual processes. The same results were 9 

obtained in the statistical analysis of the monetary value as well as when converting cost of the 10 

mine liquidation process on the mean and maximum value of the entire process. Due to the 11 

volume of the publication these analysis were not included. The compliance of conversions may 12 

prove the correctness of the method used. 13 

In near future there is no further branches that are going to be taken so as to liquidate 14 

therefore in order to verify the proposed methodology the authors proposed a theoretical 15 

acquisition of four hypothetical branches. The estimated liquidation costs were taken from the 16 

group of large branches. Due to the higher parameter values that group is the best to illustrate 17 

the correctness of procedure methodology. One of the hypothetical branches called Alpha 18 

which characterizes by maximum costs of liquidation of individual processes. A branch named 19 

Beta is a branch characterized by the average costs in the group of large branches and the branch 20 

called Gamma is associated with minimum values for the group of large branches. The last one 21 

is a branch called Delta where the cost values were assumed as random values of liquidation 22 

process costs from the group of large branches (in Table 9 underlined numbers are put in the 23 

form of letter “S”). The analysis of verification of the hypothetical cost liquidation of new 24 

Branches of SRK S.A. presents Table 10. 25 

Although the liquidation costs come from the group of large branches only the cost of two 26 

of them (Alpha and Beta) put them in this group. The branch called Gramma was qualified to 27 

the group of medium larger branches and the branch called Delta to the group of medium 28 

smaller branches. The cost analysis was conducted in accordance with the affiliation to the 29 

reference group. For the liquidation process costs of branches Alpha and Beta this method 30 

worked as expected. In the case of the branch Alpha all the fields turned red what indicates that 31 

the upper limit of the acceptable value has been exceeded. The total cost of liquidation of this 32 

branch amounted to 20,90% of all costs incurred for liquidation that is about 1 billion PLN. 33 

Data of the branch Beta was mean values and did not cause a reaction as expected (the fields 34 

were uncolored). In the case of the branch Gamma the total cost of liquidation was in the zone 35 

of acceptable values, however processes 1, 9 and 10 exceeded the upper limit for the group of 36 

medium larger branches. Processes 2, 3, 4 and 8 signaled the possibility of an underestimation. 37 

  38 
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The total cost of liquidation such as Processes 1 and 9 of the branch Delta in the group of 1 

medium smaller branches signaled that the upper limit of the acceptable area was exceeded 2 

while Processes 2, 4, 5 and 8 were below the lower limit of this area. One field turned into 3 

yellow which signalized that no costs were incurred in this process which was consistent with 4 

the assumptions. It was assumed that the liquidation will be carried out without leaving the 5 

pumping station. Similar results were obtained when analyzing the costs of liquidation process 6 

and the total cost of liquidation. 7 

Table 10.  8 
Verification of the hypothetical cost liquidation of new Branches of SRK S.A. 9 

A new branch Alpha Beta Gamma Delta 

Total cost of liquidation 20,90% 12,29% 7,61% 5,85% 

Group L L ML MS 

Percentage share of the cost of liquidation of a new Branch according to the total cost 

Process 1 (liquidation of excavations) 0,28% 0,20% 0,10% 0,10% 

Process 2 (liquidation of shafts and pits) 0,76% 0,36% 0,06% 0,06% 

Process 3 (securing of neighboring mines) 4,40% 1,23% 0,53% 0,00% 

Process 4 (liquidation of area facilities) 1,12% 0,65% 0,31% 0,31% 

Process 5 (land reclamation) 0,81% 0,25% 0,10% 0,02% 

Process 6 (maintenance of facilities above) 2,94% 1,66% 1,16% 1,16% 

Process 7 (securing of liquidated mine) 6,93% 5,30% 2,31% 2,31% 

Process 8 (projects, expertise etc.) 0,18% 0,10% 0,03% 0,03% 

Process 9 (mining damage) 1,28% 0,79% 1,28% 0,41% 

Process 10 (general management) 2,19% 1,75% 1,73% 1,45% 

Percentage share of the cost of liquidation of a new branch according to the cost of the process 

A new branch Alpha Beta Gamma Delta 

Process 1 (liquidation of excavations) 21,00% 15,00% 7,77% 7,77% 

Process 2 (liquidation of shafts and pits) 16,42% 7,86% 1,25% 1,25% 

Process 3 (securing of neighboring mines) 58,05% 16,25% 6,97% 0,00% 

Process 4 (liquidation of area facilities) 21,69% 12,52% 5,97% 5,97% 

Process 5 (land reclamation) 29,27% 8,93% 3,78% 0,86% 

Process 6 (maintenance of facilities above) 15,78% 8,93% 6,22% 6,22% 

Process 7 (securing of liquidated mine) 19,53% 14,94% 6,50% 6,50% 

Process 8 (projects, expertise etc.) 21,09% 11,49% 3,26% 3,26% 

Process 9 (mining damage) 16,77% 10,35% 16,77% 5,33% 

Process 10 (general management) 13,78% 10,98% 10,88% 9,13% 

Source: An own study. 10 

5. Conclusions 11 

The method of signaling of cost liquidation deviations of a new branch of SRK S.A. from 12 

the average value presented by the authors is a useful tool when trying to implement a process 13 

approach in the issue of mine liquidation in terms of rationalization and minimization of costs 14 

incurred. Especially it is important in a situation of insufficient research on this field. 15 
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The assessment method of the size of the estimated cost of possible mine liquidation 1 

presented by the authors is simple, understandable and easy to use in engineering and design 2 

projects. 3 

The method can be used in initial estimation of costs of liquidated mining plants as  4 

a reference point for detailed analysis. This aspect requires more detailed research. 5 

The assessment method of liquidation process proposed by the authors gives the same 6 

results when converted into the total cost of liquidation, the total cost of the process, the average 7 

cost of branch liquidation as well as converted into the maximum value of these costs.  8 

This compliance may prove the correctness of the method that was applied. The biggest 9 

disadvantage of this method is significant cost diversification in a particular group of branches. 10 

The diversification index indicates an enormous differentiation of the results which results from 11 

the huge variety of liquidated mines. During further research there will be need to propose  12 

an alternative method of classification of new group of branches so as to gain greater 13 

consistency of results in particular groups. 14 

The assessment method of liquidation process described in this publication is based on 15 

analysis of the total cost of liquidation. The analysis of cost incurred in the process of 16 

liquidation for the next few years will require further research.  17 

Another scientific problem that is not solved is the interaction between main processes and 18 

their interdependence. 19 
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