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Abstract 

Water inrush from coal seam floor is a complex hydrogeological problem controlled by 
multiple factors. For this reason, the influencing factors of floor water inrush can be 
determined comprehensively and accurately, and based on this, the appropriate 
evaluation method can effectively improve the prediction accuracy. However, a single 
objective or subjective weighting method has certain errors in the evaluation of water 
inrush risk. Objective factors can effectively improve the prediction accuracy. In view of 
this, taking the Daxizhuang Minefield as an example, the comprehensive weighting 
method of the entropy method and the analytic hierarchy process is adopted to 
comprehensively evaluate the water inrush risk of the 5# coal seam floor. The results 
showed that in the process of coal seam 5#, the area of the dangerous zone accounted for 
35.29% of the total area, mainly distributed in the adjacent areas of the seventh, second 
and sixth mining areas. The possibility of water inrush is greater, and the rest are many. 
Safer. The water inrush channels in the mine are mainly faults, collapsed columns, and 
mining-damaged fissures. The results can be used to guide the safe production of 
Daxizhuang Minefield. 
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1. Introduction 

In recent years, with the extension of coal mining time and the continuous increase of mining depth, 

China's shallow coal resources are increasingly exhausted, and all coal mines have entered the state 

of deep resource mining one after another[1]. Due to the complex hydrogeological conditions of coal 

fields in China, various water hazards often occur in the mining process of coal resources[2]. Floor 

water inrush is one of the main forms of mine water disaster in China. Especially in North China, coal 

seams are often located above Ordovician limestone water [3]. The mining coal seam is closer and 

closer to the strong aquifer of Ordovician limestone floor, the water pressure it bears is higher and 

higher, and the risk of floor water inrush is greater and greater. Therefore, the phenomenon of floor 

water inrush is common and prominent [4]. 

In order to systematically solve the problem of water inrush prediction and evaluation of coal seam 

floor, Wu Qiang et al [5] analyzed and summarized a large number of water inrush cases in China for 

many years. The vulnerability index method is proposed for the first time, and then a series of new 

practical methods are developed based on GIS platform. Including Ann vulnerability index method 

based on GIS[6]. AHP vulnerability index method based on GIS[7], which has been widely used in 

water inrush evaluation of coal seam floor. 

Vulnerability index method is a scientific and effective prediction and evaluation method of coal 

seam floor water inrush, which combines the information fusion method that can determine the weight 
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coefficients of various main control factors of floor water inrush with GIS with powerful spatial 

information analysis and processing function. It can reflect the complex interaction between multiple 

factors and the relative weight proportion of water inrush control[8-9]. If the weight of each main 

control factor is determined by a single weight method, the evaluation results are either subjective 

and arbitrary, ignoring the objective environment of the data itself. Or the objectivity is strong, which 

can not reflect the decision-makers' attention to different main control factors, which will lead to the 

incomplete evaluation results. Therefore, in view of the advantages and disadvantages of subjective 

and objective weighting methods, the objective weighting method considering the internal law 

between index data and the subjective weighting method considering the main control index by expert 

experience should be considered at the same time [10-11]. Therefore, AHP and entropy weight 

method are combined to determine the weight, and the vulnerability index method is combined to 

evaluate the water inrush risk of Daxizhuang 5# coal seam floor. It provides technical support for 

mine safety mining. At the same time, it provides ideas for the risk assessment of water inrush from 

the floor of mines with complex structures. 

2. Mining area overview 

Daxizhuang mine field is located in Zuoyun County, Datong City, Shanxi Province, China. The coal 

bearing strata in the mine field are Taiyuan Formation of Upper Carboniferous system and Benxi 

Formation of Middle Carboniferous system. 5# coal seam is the thickest coal seam in Taiyuan 

formation. It is the main mining coal seam and is located in the middle and upper part of Taiyuan 

formation. It occurs in the east of the mine field and belongs to a stable coal seam. There is a coal 

seam denudation area in the mine field. 5# coal seam generally tends to be thinner from northeast to 

southwest. At the same time, because the 5# coal floor elevation is 602.42~820.72m, the Ordovician 

limestone karst water level elevation is 1155~1180m, and the 5# coal seam floor elevation is below 

the Ordovician limestone karst water level elevation, there is pressure mining. 

3. Method 

When evaluating the risk of water inrush from coal seam floor, the determination of the weight of the 

main control factors is very important, which directly determines the accuracy of the evaluation 

results. The traditional AHP vulnerability index method based on GIS uses analytic hierarchy process 

to determine the weight of main controlling factors. When calculating the weight value, analytic 

hierarchy process is obtained by expert scoring method, which is a subjective weight. When the 

evaluators analyze and judge the importance of each evaluation index, due to many unknown factors, 

the empirical judgment value obtained is greatly affected by human subjectivity and has a certain 

deviation from the reality. In order to reduce the influence of subjective factors on the weight, the 

entropy weight method is used to calculate the objective weight, and the objective weight and 

subjective weight are weighted and averaged to obtain a more accurate and reasonable comprehensive 

weight [12]. 

3.1 Determination of subjective weight  

At present, the 1 ~ 9 scale proposed by Professor Saaty for the first time is widely used in the practical 

application of existing analytic hierarchy process. This scale has some shortcomings in practical 

application. For example, the scale value of "slightly important" is where, that is, the situation that is 

three times larger than "equally important" is regarded as "slightly important", which is too different 

from people's common understanding. The scale value is used for calculation, and the weight obtained 

is unreliable. Therefore, this study uses the 10/10~18/2 scale method improved by analytic hierarchy 

process to quantify each parameter [13]. 

3.1.1 Establish hierarchy analysis model 

After determining the target problem, the problem is first formed into a hierarchical structure, which 

is divided into target layer, criterion layer and factor layer from top to bottom. There is only one factor 

in the target layer, which is usually the description of the target problem. The criterion layer is the 
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collection of the overall factors affecting the problem. The factor layer divides the overall factors into 

more specific sub factors based on the criterion layer.  

3.1.2 Construct judgment matrix 

In the fuzzy analytic hierarchy process, the elements are compared and judged in pairs to 

quantitatively express the importance of one factor over another, so as to obtain the fuzzy judgment 

matrix A= (aij )n×n. 

A = [
𝑎11 ⋯ 𝑎1n

⋮  ⋮
𝑎n1 ⋯ 𝑎nn

]                                (1) 

Note: aii=0.5,i=1,2,…,n;(2) aij+aji=1,i,j=1,2, …,n; 

In order to quantitatively describe the relative importance of any two schemes on a certain criterion, 

the 10 / 10 ~ 18 / 2 scale method is usually used (Table 1). 

 

Table 1. 10/10~18/2 scaling method and its significance 

Scale level 1~9 Scale 10/10~18/2 Scale Definition Explain 

1 1 10/10(1) 
Equally 

important 

Compared with the two elements, they are 

equally important 

3 3 12/8(1.5) 
Slightly 

important 

Compared with the two elements, one element 

is slightly more important than the other 

5 5 14/6(2.33) 
Obviously 

important 

Compared with the two elements, one element 

is obviously more important than the other 

7 7 16/4(4) 
Strongly 

important 

Compared with the two elements, one element 

is much more important than the other 

9 9 18/2(9) 
Extremely 

important 

Compared with the two elements, one element 

is extremely important than the other 

2,4,6,8    
Represents the intermediate value of the above 

adjacent judgment 

K K (9+K)/(11-K)   

 

3.1.3 Hierarchical single ranking and consistency test 

The positive reciprocal matrix is randomly constructed with the scale of 10 /10~18 /2 and their 

reciprocal. Calculate the average consistency index value of random sample matrix respectively. 

 

Table 2. RI value 

n 1 2 3 4 5 6 7 8 9 

RI 0.00 0.00 0.28 1.06 1.76 2.48 3.16 3.84 4.49 

 

3.1.4 Hierarchical total sorting 

According to the hierarchical judgment matrix, the CR values are less than 0.1 and pass the 

consistency test. Based on the hierarchical single ranking, the hierarchical total ranking is established 

to calculate the weight of each index Ci relative to the total goal. 

3.2 Determination of objective weigh 

Entropy weight method belongs to objective weight method. It determines the weight of main control 

factors according to the variation degree of each index value, so as to avoid the deviation caused by 

human factors. According to the theory of entropy weight method, this evaluation study calculates 

their information entropy based on the normalized actual attribute data of each main control factor. 

According to the variation degree of each index, the weight of each index is calculated by using 

information entropy [14]. 
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X = [
𝑥11 ⋯ 𝑥1m

⋮  ⋮
𝑥n1 ⋯ 𝑥nm

]                              (2) 

Negative correlation: 𝑦ij =
𝑚𝑎𝑥{𝑥ij}−𝑥ij

𝑚𝑎𝑥{𝑥ij}−𝑚𝑖𝑛{𝑥ij}
                    (3) 

Positive correlation: 𝑦ij =
𝑥ij−𝑚𝑖𝑛{𝑥ij}

𝑚𝑎𝑥{𝑥ij}−𝑚𝑖𝑛{𝑥ij}
                     (4) 

Y = [

𝑦11 ⋯ 𝑦1m

⋮  ⋮
𝑦n1 ⋯ 𝑦nm

]                                  (5) 

Hi =
− ∑ 𝑓ij ln𝑓ij 

𝑚
𝑗=1

𝑙𝑛𝑚
                               (6) 

𝑓ij = (1 + yij)/ ∑ (1 +
𝑚

𝑖=1
yij)                         (7) 

𝑤i =
1−H𝑖

𝑛−∑ 𝐻𝑖𝑛
𝑖=1

                                 (8) 

3.3 Comprehensive weight 

The multiplier normalization method is used to couple the weight of entropy weight method with the 

weight obtained by analytic hierarchy process to obtain the comprehensive weight.  

Wi=
wi

1wi
2

∑ wi
1wi

2𝑚
𝑗=1

                                  (9) 

Note:Wi is the comprehensive weight; wi1 is the objective weight of entropy weight method; wi2 is 

the subjective weight of analytic hierarchy process 

 

Table 3. The weight value of the main control factor of the comprehensive weight 

Main control factors Subjective weight Objective weight Comprehensive weight 

Aquifer water pressure 0.228 0.101 0.195 
Aquifer water richness 0.150 0.158 0.201 

Aquifer permeability coefficient 0.099 0.159 0.133 
Thickness of brittle rock in the effective waterproof layer 0.142 0.112 0.134 

Equivalent thickness of the effective waterproof layer 0.173 0.060 0.087 
Fault scale index 0.068 0.117 0.067 
Fault distribution 0.084 0.187 0.133 

Collapse-column distribution 0.056 0.106 0.050 

 

4. Risk assessment of water inrush from coal seam floor 

4.1 Determination of main control factors 

Floor water inrush, as a main threat affecting the safe mining of coal seams, is a complex 

hydrogeological problem controlled by many factors such as structure, lithology, mine pressure and 

water pressure, which has nonlinear dynamic characteristics. The selection of evaluation indexes 

directly affects the evaluation results. Too much not only affects the accuracy, but also may weaken 

the role of leading factors. Too little, although simple and easy, is difficult to fully reflect the water 

inrush state of coal seam floor. Therefore, when selecting the evaluation index, we should not only 

consider the operability and representativeness of the index selection, but also consider its accuracy 

[15]. Based on previous research results, it is found that water inrush from coal seam floor is mostly 

caused by factors such as structure, water resistance of water resisting layer, water pressure, water 

yield of aquifer, mine pressure and so on [16-17]. Therefore, when constructing the risk evaluation 

model of water inrush from coal seam floor, the Ordovician limestone confined aquifer, floor water 

resisting layer and geological structure can be selected as the first level evaluation index, and each 

first level evaluation index includes several secondary evaluation indexes. 
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Through the exploration of the Daxizhuang mine field—combined with the analysis of borehole data, 

geological conditions, and hydrogeological conditions—the Ordovician limestone–confined aquifer, 

floor impermeable layer, and geological structure were considered comprehensively. Eight factors 

were selected as the main control factors of the water-inrush vulnerability evaluation of the coal-seam 

floor: the aquifer water pressure, aquifer water richness, aquifer water permeability coefficient, 

equivalent thickness of the effective waterproof layer, thickness of brittle rock in the effective 

waterproof layer, fault distribution, collapse-column distribution, and fault scale index.  

4.2 Standardization of main controlling factors 

In order to eliminate the influence of the different dimensions of the main control factors on the 

evaluation results, the main control factors of water inrush from the coal-seam floor were standardized. 

Aquifer water pressure, aquifer water richness, aquifer permeability coefficient, and fault scale index 

were positively correlated with the risk of coal-seam floor water inrush. Conversely, the equivalent 

thickness of the effective waterproof layer and the thickness of brittle rock were negatively correlated 

with the risk of water-inrush from the coal-seam floor. Thus, the standardized thematic maps of each 

main control factor were obtained: 

Positive correlation 𝑋𝑖
∗ =

𝑋𝑖−𝑋𝑚𝑖𝑛

𝑋𝑚𝑎𝑥−𝑋𝑚𝑖𝑛

,                     (10) 

Negative correlation 𝑋𝑖
∗ =

𝑋𝑚𝑎𝑥−𝑋𝑖

𝑋𝑚𝑎𝑥−𝑋𝑚𝑖𝑛

,                  (11) 

Note: xi was the influence factor, xmax was the maximum value of xi, and xmin was the minimum value 

of xi. 

4.3 Build vulnerability assessment model 

The application of vulnerability index method in water inrush from coal seam floor is a method to 

obtain the evaluation results by combining the weighting advantages of the comprehensive weight of 

entropy weight method and analytic hierarchy process with the spatial information analysis ability of 

GIS. Obtain the weight Wk of each main control factor. The thematic map of each main control factor 

is generated by quantifying the data of each main control factor, that is, a thematic map with 

geographical coordinates as independent variables is obtained. The functional relation fk(x,y) of each 

main control factor is the dependent variable, and then the superposition process of each thematic 

map is the process of comprehensive analysis of each main control factor. 

The vulnerability model of water inrush from coal seam floor is a mathematical model based on the 

mechanism of various factors affecting water inrush on coal seam floor to reflect the risk degree of 

water inrush from coal seam floor in a geographical location.  

VI=∑ 𝑊𝑘𝑓𝑘(𝑥, 𝑦)𝑛
𝑘=1                           (12) 

Note: VI is the vulnerability index, (x, y) are the geographic coordinates, n is the number of 

influencing factors, Wk is the weight of influencing factors, and fk(x,y) has the function of single-

factor–influencing values. 

4.4 Floor water inrush risk zoning 

The natural discontinuity classification method (Jenks) is used to classify the floor vulnerability index, 

and the classification threshold of each level can be obtained. The risk zoning map of Ordovician 

limestone water inrush in 5# coal floor is obtained by using the vulnerability evaluation model and 

ArcGIS superposition principle. 

According to the risk zoning map of 5# coal seam floor obtained by the vulnerability index method, 

it can be seen that during the mining process of 5# coal seam, except for the seventh mining area and 

the adjacent parts between the second mining area and the sixth mining area, most of the other sections 

are safer. It is mainly because in mining production, it not only increases the depth of coal seam floor 

failure zone, but also induces fault activation and stress relaxation around collapse column, so as to 

connect the Ordovician limestone water rich area with stope space and increase the possibility of floor 

water inrush. 
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Fig. 1 5# Coal Seam Floor Ordovician Water Inrush Hazard Zone Map 

 

5. Conclusions 

(1) The objective weight obtained by entropy weight method and the subjective weight obtained by 

analytic hierarchy process are weighted and averaged to obtain a more accurate and reasonable 

comprehensive weight. The traditional single analytic hierarchy process is improved to reduce the 

adverse factors of subjective and human influence and make the evaluation results more accurate and 

reasonable. The weight of main controlling factors of water inrush risk in Daxizhuang 5# coal seam 

floor is determined 

(2) Using the powerful spatial analysis function of ArcGIS, the normalized thematic map of main 

control factors is weighted and superimposed according to the weight value. The 5# coal seam water 

inrush risk evaluation model is established, the zoning threshold is determined by the natural 

discontinuity method, and the evaluation area is divided into five areas: safety area, safer area, 

transition area, more dangerous area and dangerous area. The comprehensive weight highlights the 

main factors of water inrush risk area. The danger area is mainly due to the stress relaxation around 

the fault activation. The connection between the Ordovician limestone water rich area and the stope 

space increases the possibility of water inrush from the floor. The evaluation results were more 

consistent with the water-inrush law, which improved the evaluation and prediction accuracy of coal-

seam floor water inrush. 
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