


    
        
            STUDYDADDY        
                                	How it Works
	Homework Answers
	
                    Ask a Question
	Top Tutors
	FAQ
	Sign in


            
                                
                
                    
                
                

                    
                        
            





    
    
        
        
                            
                     
                 StudyDaddy                




                 Health & Medical                
                 For this assignment, you will create a case study involving an accident in the workplace. Choose an occupational accident that occurred in a facility where you worked, use the below article  https://e                For this assignment, you will create a case study involving an accident in the workplace. Choose an occupational accident that occurred in a facility where you worked, use the below article  https://e

                E LEKTRONIKA IR ELEKTR OTECHNIKA , ISSN 1392 - 1215 , VOL . 27 , NO . 4 , 2021  1 Abstract — Disaster water sources in underground coal seam always danger mining safety. The current electromagnetic methods are not effective to detect the disaster wa ter sources in the underground due to noise interference generated by large metal equipment. T o address this problem, the direct current resistivity method is proposed to detect the disaster water sources in the underground coal seams. The relationship bet ween the resistivity distribution and water faults was investigated , and we found that a low resistivity distribution indicates a disaster water source. To verify the proposed method, both numerical simulations and field test have been carried out and the analysis results show that the low resistivity distribution can be used to correctly detect the disaster water sources. Most importantly, the proposed method has detected three threats of mine water disaster in the field test in a real coal seam in Lan Cou nty coal mine, China. As a result, the present work provides an important and solid support to coal mining safety.   Index Terms — Coal mining safety; Mine direct current resistivity method; Mine water disaster; Coal mine floor. I. I NTRODUCTION During the unde rground coal mining process, the earth  Manuscript received 17 October , 20 20 ; accepted 15 March , 20 21 . This research was funded by the Fundamental Research Funds for the Central Universities, CUMT under Grant No. 2017WA02, by the National Natural Science Foundation under Grant No. 41974151, by the Jiangsu province Natural Science Foundation under Grant No. BK20181360 , by the Major Scientific and Technological Innovation Project of Shandong Province of China under G rant No. 2019JZZY010820 , by the National Key Research and Development Program of C hina under Grant No.  2018YFC0807804 - 02, by the Open Fund of Shaanxi Key Laboratory of Geological Support for Coal Green Exploitation under Grant No. 
 DZBZ2020 - 06 , by the Shaanxi Province Technology Innovation Guidance under Grant No. 2020CGHJ - 005 , by the Open Fund of Key Laboratory of Coal Resources and Exploration and Comprehensive Utilization , Ministry of Natural Resources the under Grant No. KF2021 - 6 , and by the Major Scientific and Technological Innovation Projects in Shandong Province under Grant No. 2019SDZY010101 . stress will be acted on the coal wall [1]. At this moment, it is very possible that the coal roof water and floor confined water will break into the coal mining tunnel, resulting in severe disasters [2]. Hence, it is crucial to detect the disaster water sources to prevent unexpected mining accidents. As a result, geophysical mine prospecting technologies for predicting geological anomalous bodies with bearing water have attracted increasing attention. Among these geoph ysical methods, mine resistivity methods and mine transient electromagnetic method have been widely used because of their convenient construction [3] and strong adaptability to limited underground space [4]. The most popular method for detecting disaster w ater sources is the transient electromagnetic method [5]. However, due to the large metal equipment in the coal tunnel, the noise generated by the metal equipment will contaminate the electromagnetic information [6]. As a result, the transient electromagne tic method [7] is not always applicable to coal mining. Compared with the transient electromagnetic method, the direct current resistivity method theory of field distribution is rather simple and it can overcome the electromagnetic noise problem generated from metal equipment by employing electrodes to transmit and record the signal [8]. Although multielectrode systems and multicore cable are not easy to be carried in the tunnel, the application effect should come first. 
 Although there are 20 years since t he direct current resistivity method has been used in the coal mine tunnel for predicting geological hazards, many application cases are very simple and use only the apparent resistivity curve to express the distribution of resistivity, such as direct curr ent vertical resistivity sounding. However, unlike the ground surface circumstance s for direct current resistivity methods on the surface, it is applied in the tunnel and the influence of the roadway on the distribution of the physical field is a special a nd inherent problem for mine - based geophysical methods, creating a difficult challenge for measurement, data A Case Study of Direct Current Resistivity Method for Disaster Water Source Detection in Coal Mining Yangzhou Wang 1, 2 , Jingcun Yu 1 , Xihui Feng 3 , Li Ma 3 , Qianhui Gao 1 , * , Benyu S u 1, 3 , Xiuju Xing 4  1 China University of Mining and Technology, Xuzhou, Jian gsu Province 221116, China 2 Shandong Energy Group South America Co., Ltd, Qingdao, Shandong Province 266000, China 3 Key Laboratory of Coal Resources Exploration and Comprehensive Utilization , Ministry of Natural Resources, Xi ’ an 710021, China 4 China Coal Science and engineering Xi ’ an Research Co., Ltd , Xi ’ an 710077 , China [email protected] http://dx.doi.org/10.5755/j02.eie.2 9090 41 E LEKTRONIKA IR ELEKTR OTECHNIKA , ISSN 1392 - 1215 , VOL . 27 , NO . 4 , 2021  processing, and geological interpretation [9]. Hence, to our best knowledge, the 3D resistivity inversion method professionally used for data proce ssing and interpretation for direct current resistivity data collected in the coal mine tunnel has not been found in the detection of disaster water sources in the literature yet. As well known that the key issues of data processing are the algorithms of f orward and inversion. The comprehensive theory of DC resistivity is given in geophysical textbooks , such as Reynolds [10] and Parasnis [11]. The purpose of the forward modelling is to study the distribution of electrical field in the earth by numerical sim ulation. Finite difference method [12] and finite element [13] method are employed to subdivision mesh. Recently, unstructured tetrahedral meshes are very popular due to their function of efficient local mesh refinement and the most flexible description of arbitrary model geometry . H ence , the most popular is the mesh technique [14]. In addition, high efficient solver is necessary for computing large matrix [15] . C ompared with preconditioned conjugate gradient method for solving large matrix, multifrontal di rect solvers can automatically search the most effective iteration direction [16]. Hence , both mesh technique and computation solvers are crucial factors for the data processing algorithms. The motivation of this work is to evaluate the direct current resi stivity method in detecting the disaster water sources in the coal tunnel. Based on the electrical resistivity differences between the target and surrounding rock, the influence of the electrical field due to the geological anomalous bodies was investigate d. The electrical potential from the artificially established stable current field was observed and the record ed signals were analysed to recognize the distribution of underground anomalous bodies (such as the water - bearing structure, collapse column, and fault fissure). The analysis result demonstrates that the large resistivity difference between the geological anomalous bodies and the surrounding coal rock can be detected by the direct current resistivity method. Hence, the direct current resistivity me thod can effectively explore these geological anomalous bodies in the coal mining process. II. F I E LD W ORK I NFORMATION The coal mine of interest is located in Lan County, Luliang City, Shanxi Province, China, as shown in Fig. 1 . Shanxi is one of the provinces w ith large coal reserves in China. 
 Besides, it has a wide distribution of coal and the quality of the coal is excellent . Hence, it plays a pivotal role in China economic construction. The research area is located in the northwest of China . A lthough the grou nd climate is relatively dry, the underground water is quite abundant [17], especially below 200 meters, which brings a great threat to the coal mining. Therefore, coal mining companies attach great importance to mine water hazard prevention and they are a lso very willing to invest research funds in mine water hazard prevention. Hence, the purpose of this research is to determine the distribution of rich water areas , as well as the relationship between the rich water areas and the fault fissures. As shown in Fig. 1, the area enclosed by the blue lines is the working face. It has been verified that there are many fault fissures in the working face; especially, there are two big fault fissures through the half working face. It is very dangerous that the water bearing area is very possible to be conducted into the tunnel. Hence, we ha ve to detect the water yield property and fault condition before mining. As mentioned above, the direct current resistivity method will be employed to calculate the resistivity dis tribution of the earth , while the water bearing area can be determined by the lower resistivity relative to the surrounding rock.  Fig. 1 . Location of field work and coal mine geology. T o explore the geological information of the working face in detail , we separate the whole working face into two parts, as shown in Fig. 1. We designed the electrode arrangement of “ U ” shape by using one hundred and sixty electrodes for P art 1 and hundred and sixty - five electrodes for P art 2 to close the research area. Th e purpose of the design is to make the current cover of the entire research area to enhance detecting ability and resolution. T he l ayout style of the electrodes of the first part and the second part is shown in Fig. 2. and Fig. 3 , respectively. 42 E LEKTRONIKA IR ELEKTR OTECHNIKA , ISSN 1392 - 1215 , VOL . 27 , NO . 4 , 2021  Fig. 2 . Distribution of electrodes to collect data for exploring floor for P art 1. Th e white lines indicate that No. 1 electrode is a transmitter and the rest electrodes are receivers , while the gr e y lines sho w that No . 160 electrode is a transmitter and the rest electrodes are receivers. In fact, besides No. 1 and No. 
 160, the other electrodes also can be transmitters and receivers . In the field work, the data are collected by mine resistivity equipment , which can achieve the task that one pair of electrodes to b e the transmitter and the remaining electrodes to be receivers for each time measuring. The other advantage of mine resistivity equipment is that the whole electrical field can be completely recorded and greatly enhance the efficiency of collecting data in the coal mine tunnel. Besides, the mine resistivity equipment i s shown in Fig. 4.  Fig. 3 . Distribution of electrodes to collect data for exploring floor for P art 2. Th e gr e y lines indicate that No. 1 electrode is a transmitter and the rest electrodes are the receivers , while the white lines show that No. 165 electrode is a transmitter and the rest electrodes are the receivers. In fact, besides No. 1 and No. 165, the other electrodes also can be transmitter s .  Fig. 4. Mine direct resistivity equipmen t: (a) host, (b) power station, (c) electrodes, and (d) transmission line. Problems of Forward and Inversion . The relationship between the electrical potential and the geoelectrical parameters can be described by the Poisson’s equation, as shown in (1) [1 8 ]  (1) where σ is the con ductivity structure of a medium, φ is the electrical poten tial field induced by a dipole, and I is the electrical current from a dipole. The dipole is represented by two delta functions centred on the positive and negative source locations ( r s + and r s - ). T o compute the solution of (1), the system is discretized using the finite volume method (FVM) [19]. The boundary conditions are embedded in the discrete differential operators. As a result, (1) can be described using (2)  (2) w here is related with the mesh size and is related with the conductivity of the meshing element. Finally, the solution of can be com puted by solving this linear equation [20] . Direct current resistivity inverse problem may be considered as a mirror from the space of potential data to the space of resistivity model [21] . The constructed objective function can be described by the follow ing (3) [ 21 ]  (3) w here W ( i ) is a diagonal weighting matrix that is multiplied by the i th residual vecto r  (4) w here is the element - wise standard deviation of each data , is a small positive constant that ensures a cut - off value , so an extremely large weight is not given to very low amplitude data , and is the observe d data. By solving (3) using the minimization method, it yields a model update parameter, which will be incorporated into the current model by  (5) w here is the current line search parameter, p k is the current model , and p k + 1 i s the new model. The line search parameter is used to control the magnitude of the update. III. N UMERICAL S IMULATION To verify the correctness of the algorithm, we compared with the analytical solution and the numerical solution. There is an analytical solution for uniform earth medium and the analytical solution can be computed by ( 6 ) [ 22 ]  ( 6 ) wh ere is the resistivity of the earth, D is the depth of the earth , is the depth of t he measurement point , and is the Wind tunnel Transportation tunnelCut eye Connection tunnel :Electrodes     1 2160 159 Part - 1 Transportation tunnel Wind tunnelCut eye Connection tunnel Coal :Electrodes      165164 1 2Part 2 ( ) ( ( ) ( )),             ss I r r r r , Aq 11 ( ( )) ;  T f c A Div diag A T f c A 1  2 2 ( ) ( ) ( ) 2 1 2 ( ) ( ( ) ) ( ) , 2        n i i i obs ref i m W d m d Gw m m () ( )( ) 1 ( ), 1, 2, , , ()  i ii obs obs W diag i n d SD d () () i obs SD d  () i obs d ,  p 1 ,    k k k p p p k 2 2 2 2 11 4      p p p p I u [ ], (D z ) (r ) (D z ) (r )  p z p r 43 E LEKTRONIKA IR ELEKTR OTECHNIKA , ISSN 1392 - 1215 , VOL . 27 , NO . 4 , 2021  radial distance from the measurement point to source. It is assumed that the resistivity of the earth is 100 ohm - m and the coordinates of the source are located on (0, 0, 80 m) . 
 Besides, the me asurement line is parallel to the X - axis and the distance between X - axis and the measurement line is 1 km, as shown in Fig. 5 . T he comparison between the numerical solution and analytical solution is shown in Fig. 6. 
 N umerical solution and analytical solut ion match very well which shows that the algorithm is correct.  Fig. 5 . Schematic diagram of line layout.  Fig. 6. Comparison between numerical solution and analytical solution. In the actual detection process in the coal mining tunnel, the geology of the floor is critical for the detection performance. Therefore, the current flow into the floor sandstone by the electrodes was considered. The numerical simulation model is shown in Fig. 7 .  Fig. 7. Schematic diagram of coal seam floor detection by di rect current resistivity . To perform the numerical simulation, a mining geological model was established in Fig. 8. One hundred and sixty - five electrodes were used to measure the electrical potential in the tunnel. An anomalous geological body was inserted with rich water to simulate the water fault (see Fig. 8 ) . To exactly compute the solution, the tetrahedral element [ 23 ] is employed to mesh the geological model as shown in Fig. 9, which is shown by Paraview software [ 24 ] to show mesh model and modelling results . Besides, the natural boundary conditional is adopted to solve the boundary problems, as well as enough large distance from the research area to the boundary is made (see Fig. 9). In fact, only the small black area is the target area.  Fig. 8. N umerical geological model for numerical simulation.  Fig. 9. Meshing results of the numerical geological model. Fig ure 10 shows the inversion result s, which are compared with the forward model as shown in Fig. 8. As can be seen , they match very well with each other . Besides, the modelling result s are really 3D data volume and any slice can be cut to show geological information in detail. Actually, in Fig. 10 , the slice of inversion result s in the direction of y = 50 m is shown . In Fig . 11 , the detail ed in formation of the earth is exhibited , and we can clearly see the d istribution of low resistivity . IV. F IE L D W ORK According to the actual mining geological information, as described in Fig. 1, a field test has been conducted to verify the proposed method. The ge ological model of Part 1 was established in Fig. 12 and one hundred and sixty electrodes were used in the real coal mine tunnel to collect the electrical potential. As mentioned above, one pair of electrodes to be the transmitter and the remaining electrod es to be receivers for each time measuring. xy z O1000m Measurement line C o al seam Electrodes Current distribution Current distribution Faults 1 2 3 7887 165 164 44 E LEKTRONIKA IR ELEKTR OTECHNIKA , ISSN 1392 - 1215 , VOL . 27 , NO . 4 , 2021  Fig. 10 . Inversion result s of the numerical geological model of Fig. 8.  Fig. 11 . The slice of the inversion results as described in Fig. 10. Hence, massive data can be obtained by combination between di fferent electrodes among one hundred and sixty electrodes. However, we only extract 4500 data by m easurement style of ANM [ 25 ]. M easurement current is shown in Fig. 12, which is the electrical current, and we can clearly see the shape of the transmit wavef orm of the bipolar square wave. In Fig. 13, the difference of the voltage s between the electrodes of M and N in the m easurement style of AMN is shown .  Fig. 12. The data of m easurement current.  Fig. 13 . The distribution of m easurement electrical volt age. Based on the electrical current information and electrical voltage, the inversion jobs have been done. Firstly, according to the geological information, the geological model has been built and the initial model is regarded to be homogeneous, as show n in Fig. 14 . In Fig. 15, the inversion results from the collected electrical information (Fig. 12 ) by inversion method are shown . As shown in Fig. 15, three areas with low resistivity were observed. As mentioned above, these areas with low resistivity are potential disaster sources and it is very possible to cause large threat for coal mining. T o examine the detailed geological information of these areas, the slice in the middle of Y - axis has been cut and it is shown in Fig. 16. As can be clearly seen , the occurrence of these three low resistivity areas in the geological anomalous bodies was observed. Moreover, the low resistivity geological anomalous bodies in No. 2 in the figure w ere very possible to y=50m78 780m90m 100m 780m 100m -20 020406080100120140 0 500 1000 1500 2000 2500 3000 3500 4000 4500electricity current ( mA ) Measurent point -100 0100200300400500600700800 0 500 1000 1500 2000 2500 3000 3500 4000 4500voltage(mv) Measurent point 45 E LEKTRONIKA IR ELEKTR OTECHNIKA , ISSN 1392 - 1215 , VOL . 27 , NO . 4 , 2021  conduct deep limestone water into the coal tunnel due t o its shape of resistivity distribution. T o explore Part 2, one hundred and sixty - five electrodes have been employed to collected data and totally 4040 data have been collected. Thereinto, in Fig. 17 , the electrical current values are presented, while in Fig. 18 , the voltage between M and N is shown. To obtain the r esistivity distribution of the Part 2 area by inversion, according to the known geological information, the homogeneous geological model has been built to be as an initial model, as shown in Fig . 19 . Based on the measurement data and inversion algorithm, the inversion result s can be obtained, as shown in Fig. 20. 
 With the purpose of knowing the detail ed information of Part 2, the slice is cut from the 3D data volume, as shown in Fig. 
 21. In Fig. 20 and Fig. 21 , no low resistivity information is exhibited, which means that there is no mining water disaster threat in the Part 2 area. However, three high resistivity anomalous bodies are possible to be collapse columns and they are also important geo logical information for coal mining.   Fig. 14 . The geological model of Part 1.  Fig. 15 . Inversion result s from the collected electrical potential of Part 1.  Fig. 16 . The slice of the inversion results as described in Fig. 8.  Fig. 17 . The da ta of measurement current. 160 159 158 1 3 2 7584 0 10 20 30 40 50 60 70 80 0 500 1000 1500 200025003000 35004000Electrical current (mA) Measurment point 46 E LEKTRONIKA IR ELEKTR OTECHNIKA , ISSN 1392 - 1215 , VOL . 27 , NO . 4 , 2021  Fig. 18 . The data of voltage.  Fig. 19 . The geological model of Part 2 .  Fig. 20 . Inversion result s from the collected electrical potential of Part 2.  Fig. 21 . The slice of the inversion results as described in Fig. 2 0. After the field work, all geological anomalous information has been verified by geology drilling. Finally, t hese observations are consistent with the actual condition of the real coal seam in Lan County. As a result, the proposed method can correctly d etect the disaster water sources , so it can be applied to practice. V. D ISCUSSION For all coal mine geophysical methods, DC resistivity is the best choice for detecting mine disaster water sources. Not only it can locate the distribution of low resistivity, but also it is free from metal interference in the coal mine tunnel. 
 Besides, according to the character of coal mine geology, in fact , we simplify the whole space to be half space in this research, hence it is necessary to do the inversion calculation in the whole space in the future research. VI. C ONCLUSION S This study aims to explore water - bearing coal seam floor and exploit the relationship between the distribution of low resistivity and water faults by the direct current resistivity method. Firstly, the f orward and inversion theory method s have been studied and its effectiveness have been verified by numerical simulation. Secondly, t o obtain field data, we have carried out the field work of collecting data in the coal mine tunnel and obtain ed two set s of d ata. Thirdly, the 3D data -2000 200 400 600 800 1000 0 500 1000 1500 2000 2500 3000 3500 4000votage (mV) Measurment point 87 88 165 1 3 2 166 47 E LEKTRONIKA IR ELEKTR OTECHNIKA , ISSN 1392 - 1215 , VOL . 27 , NO . 4 , 2021  volumes of resistivity distribution have been computed by inversion method , and with the purpose of knowing the detail ed information, two slices have been cut from P art 1 3D data volume and P art 2 3D data volume. Finally, based on the above research results, we totally point out three threats of mine water disaster sources. T h e result s provide important information on coal mining safety. A CKNOWLEDGMENT We are grateful to the anonymous reviewers of this paper. C ONFLICTS OF I NTEREST The authors declare that they have no conflicts of interest. R EFERENCES [1] Z. Tang, S. Yang, G. Xu, and M. Sharifzadeh, “ Disaster - causing mechanism and risk area classification method for composite disasters of gas explosion and coal spontaneous combustion in deep coal mining with narrow coal pillars ” , Process Safety and Environmental Protection , vol. 132, pp. 182 – 188, 2019. DOI: 
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