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ABSTRACT 
 
This paper presents overview of proudres for evaluaiton of undergroudn mine atmosphere in thick seams 
extracted by Blasting Gallery (BG) method of underground mining. After few years of discontinuance of 
blasting gallery method due to spontaneous heating and loss of considerable coal in goaf,  the mehtod 
was reintroduced in typical underground mine – GDK-11 of SCCL. Salient results of strata monitoring 
along with evaluaiton of goaf atmosphere are presented besides few cases of strata monitoring studied 
over three decades by the first author. A few  ratios related to evaluation of goaf atmosphere  shows 
Active Fire  indicating the need of further evaluation of the ratios with meticulous monitoring of goaf 
atmosphere through various continuous gas real time monitoring systems including Wireless sensor 
communication systems for understanding the status of fire.  
 

 
INTRODUCTION 
 
In general, the conventional systems of monitoring condition of the mine including mine atmosphere and 
mine equipment are associated with personal observation and intermittent readings  and offline analysis of 
the data. A person go to the mine working place (for gas analysis, load on supports, electrical parameters 
of mining equipment to assess the machine condition etc.) and then these readings are analyzed offline. 
This time taking process is performed in different shifts and has to carefully note down the readings. 
Therefore, for improved evaluation of mine conditions, wireless systems may be applied for online 
monitoring of the mine atmosphere, and equipment including supports-hydraulic props, chock shields, 
loading and cutting equipment and associated machinery. The study of may remote monitoring of UG 
mining gases lead to autonomous decision in real time using ambient intelligence which provide better 
results than through common decision making based on intermittent tests and conventional procedures of 
sample collection and analysis in the laboratory. Emphasis is made on urgent requirement of application 
of trans-disciplinary research and  study the underground mine conditions including online monitoring of 
mine atmosphere and mine equipment by application of wireless sensor networks and IoT devices. 
 
 
CASE  STUDY – GDK 11 MINE-SCCL 
 
GDK11 incline is situated in RG-1 Area of Godavari Khani, Peddapalli Disctrict of Telangana state. 
There are four workable seams, namely 1, 2, 3 & 4 seams with maximum depth from surface to # 4 seam 
of about 450 m. Method of extraction n 3 1 an d2 seams are continuous miner and B&P development and 
depillaring. Thickness of No.3 seam is about 10.0 m. First author conducted investigations in various 
mines including opencast, underground mines of coal and metal extraction [12-15]. Blasting gallery 
method was introduced in this seam in the year 2002. BG panels 1 A, 1 b, and 1C were extracted in Block 
A during 2002-2008. Similarly BG panels No BG D,E,F,G,H,I,J1, J2, J3 were extracted during 2008-
2015 in Block-B. The seam #3 was developed by board and pillar method by January 2017. The area of 
the proposed BG panels is ranging from 20,000 to 35,000 m2, whereas the area in previous panels is about 
14,000m2.  Extraction of the pillars in # 4 seam lying under the BG panel was done by sand stowing with 
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adequate filling of goaf by proper barricades
Telescopic convergence indicators, load cells, and rem
mid of the panel in the middle of the dip rise and level galleries in both the panels of two seams. 

 

Fig 1: Arrangements for sand stowing with  barricades and hydraulic filling of sand in seam #4
 
Instrumentation plan along with location of Tell tales, Strain bars, Load cells, and Convergence monitoring stations 
including arrangement for measurment of bed sepation due to  stowed goaf of no 
are shown in Fig 2.  Set of convergence and load cell instruments shall be installed at 10 m interval at all levels and 
split levels and regularly monitored from the goaf edge along the line of extraction.  Convergence stations are also 
proposed in 4 seam at all junctions to understand
up to about 1.5 m inside the stooks at 1 m vertical interval shall be installed near the middle of the panel to 
understand the behavior of pillar/stook at various stages of extraction of pilla

3
Fig.2: Status of working 

 GDK11 incline 
 
Dual height tell tales were installed  at 
thick seam by BG method at GDK 11 mine.  Maximum 
mm was observed below 4 m anchor in the corresponding locations.
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goaf by proper barricades and hydraulic filling of sand (Fig 1
Telescopic convergence indicators, load cells, and remote convergence indicators at strategic places near 
mid of the panel in the middle of the dip rise and level galleries in both the panels of two seams. 

 
: Arrangements for sand stowing with  barricades and hydraulic filling of sand in seam #4

Instrumentation plan along with location of Tell tales, Strain bars, Load cells, and Convergence monitoring stations 
arrangement for measurment of bed sepation due to  stowed goaf of no – 4 seam in the BG Panel

nvergence and load cell instruments shall be installed at 10 m interval at all levels and 
monitored from the goaf edge along the line of extraction.  Convergence stations are also 

proposed in 4 seam at all junctions to understand the tendency of any roof/parting movement. Strain bars grouted 
up to about 1.5 m inside the stooks at 1 m vertical interval shall be installed near the middle of the panel to 
understand the behavior of pillar/stook at various stages of extraction of pillars.  

 
: Status of working and instrumentation of BG K1 panel in seam # 3,

GDK11 incline with layout of CO, CH4 sensors 

were installed  at 46ALJn/41D, and  46LJn/41D locations during 
at GDK 11 mine.  Maximum Cumulative deformation of about 10 mm, 5 

mm was observed below 4 m anchor in the corresponding locations.  Dual height tell tails were also 

Location of 
CO and 
CH4 sensor 
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1 ). Installation of 
ote convergence indicators at strategic places near 

mid of the panel in the middle of the dip rise and level galleries in both the panels of two seams.  

: Arrangements for sand stowing with  barricades and hydraulic filling of sand in seam #4 

Instrumentation plan along with location of Tell tales, Strain bars, Load cells, and Convergence monitoring stations 
4 seam in the BG Panel-K1   

nvergence and load cell instruments shall be installed at 10 m interval at all levels and 
monitored from the goaf edge along the line of extraction.  Convergence stations are also 

the tendency of any roof/parting movement. Strain bars grouted 
up to about 1.5 m inside the stooks at 1 m vertical interval shall be installed near the middle of the panel to 

of BG K1 panel in seam # 3, 

during extraction of 
Cumulative deformation of about 10 mm, 5 

Dual height tell tails were also 
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installed in the Stowing panel for observation of tendency of bed separation in the parting between 3 
and 4 seams ( Fig 3). No  ostensible change in the reading of Telltales was noticed indicating no 
perceptible bed separation in the parting between seam # 3 and #4 and also  adequate filling /packing 
of goaf by sand. Fig 4 shows status of workings at BG-K2 Panel as on 4.12.18 with layout of CO, 
CH4 sensors. 
 

 
 

Fig 3: Dual height tell tail instrument  in the Stowing panel for observation of tendency of bed 
separation in the parting between 3 and 4 seams at GDK 11 mine 

 
UNDERGROUND MINE ATMOSPHERE 
 
The air of the atmosphere that we breathe is a mixture of several gases and its composition is practically 
constant over the whole surface of the earth. Because air is mixture and not a chemical substance, the 
components can be separated. 
 
Mine Gases: 
In mine, gases are released during mining operations. It will be observed that return air is depleted in 
oxygen content and contaminated by mine gases. Impurities come from exhalation by men, blasting, and 
underground fires, burning of lights, bacterial action and gases given off from strata. It also contains 
moisture and dust of coal and rock. 

There are five fundamental sources of hazardous gas in mining applications. 
Gasses from Blasting: 
Blasting generates toxic and harmful gases. These harmful gasses include carbon monoxide and nitrogen 
dioxide. As a result of the utilization of oxygen in any such impact, oxygen deficiency might likewise be 
an outcome.  
Methane from Coal Beds:  
Profoundly flammable methane (CH4) or firedamp, as it is brought in numerous coal-fields, is framed in 
the last phases of coal arrangement, and due to the profundities and weights, it gets to be imbedded in the 
coal. As unearthingis made, methane gas is freed into the air. Gas is transmitted from the purpose of 
unearthing, as well as from the coal being transported to the surface.  
Vehicle Exhaust:  
Vehicles are also generated various toxic and poisonous gases. These poisonous gases are an after effect 
of the operation of burning motors. 
Penetrating into Stagnant Water: 
Pockets of stagnant water can contain a lot of hydrogen sulfide (H2S) coming out essentially due to the 
breakdown of pyrites 
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Fig 4: Status of workings at BG-K2 Panel as on 4.12.18 with layout of CO, CH4 sensors 
 

 
ASSESSMENT OF GOAF ATMPSPHERE  
 
At GDK 11 mine, Nitrogen and CO2flushing in the goaf by pipelines from the storage tank installed at the 
surface was practiced to control the spontaneous heating susceptibility. Conventional system of sample 
collection by water displacement method and tube bundle method was followed to evaluate the 
percentage of gases regularly. The need to perform a complete analysis by Gas Chromatography of 
atmospheres generated during coal fires or heating’s is not only critical but the only option to obtain an 
accurate assessment of the flammability status of the underground environment. Failure to do so can lead 
to wrongly assessing the atmosphere to be inert, when in fact it could be explosive or fuel rich, due to the 
generation of percent levels of carbon monoxide and hydrogen during mine fires.  The presence of 
percent levels of these gases not only adds to the percentage of combustible gases present but also has a 
major influence in the lowering of the oxygen nose point (the lowest oxygen concentration at which an 
explosion can occur).  Co and CH4 sensors and tele-monitorinfg system was also used for continuous 
monitoring of goaf atmosphere in the BG K1, and K2 panel (Fig 5). Efforts are also being made for 
introduction of wireless communication systems including various types of gas sensors in the mine on 
experimental basis. An attempt is made to investigate the presence of toxic gases in critical regions and 
their effects on miners which can be extended for monitoring of health of the equipment. A real time 
monitoring system using wireless sensor network, which includes multiple sensors, is developed. This 
system monitors surrounding environmental parameters such as temperature, humidity and multiple toxic 
gases. This system also provides an early warning, which will be helpful to all miners present inside the 
mine to save their life and the equipment before any casualty occurs. The system uses Zigbee technology 
to establish wireless sensor network. It is wireless networking standard IEEE 802.15.4, which is suitable 
for operation in harsh environment. 
 

Location of 
CO and 
CH4 sensor 
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Fig 5: Gas sensors installed in the BG panel for continuous monitoring of goaf  

atmosphere at GDK 11 mine 
 

Several of the fire ratios commonly calculated from results use Oxygen deficiency. It is the amount of 
oxygen consumed/ removed by any activity and is often determined using the following equation:  
 

Oxygen deficiency = 0.268* N2 – O2                       ---(1) 
 
This equation is based on the assumption that nitrogen, being an inert gas, will not be consumed nor will 
it be created. If the initial gas entering the area under investigation had a fresh air ratio of 20.95 % oxygen 
to 79.02 % nitrogen and Argon 0.9 % (20.95/(79.02-0.9)= 0.268), then the initial oxygen concentration 
can be determined using the amount of nitrogen determined to be present in the sample. Ratios 
incorporating oxygen deficiency will underestimate if there is more than one source of oxygen deficiency 
Out of well documented ratios and indices that are used for monitoring the progression of heating, the 
evaluation of Young’s Ratio, Jones and Trickett’s Ratio for understanding the status of mine atmosphere 
is presente dbelwo: 
 
Young’s ratio 
 Young’s ratio is same as Graham’s ratio except that CO is replaced by CO2 as the indicator of oxidation. 
Because of the size of the CO2 concentration it is not usually multiplied by 100 and thus is a fraction not 
a percentage as in Graham’s Ratio.  Carbon Dioxide produced as a percentage of oxygen absorbed is 
considered as Young’s Ratio or CO2 /O2 deficiency ratio.  
 

            YR =
×

( . × )
                           ---(2) 

 
 If the value of this ratio is below 25 it is considered to be indicative of superficial heating. If it is 

more than 50 it should be corroborated with other fire indices to rule out or confirm a high 
intensity fire (Active Fire). 
 

Jones and trickett ratio (JTR) 
 This ratio serves as an indicator of the type of fuel involved in any fire or explosion. Jones and Trickett 
developed this ratio for determining whether methane or coal dust has been involved in a mine explosion.   

            JTR =
(𝑪𝑶𝟐) 𝟎.𝟕𝟓×(𝑪𝑶) 𝟎.𝟐𝟓×𝑯𝟐

(𝟎.𝟐𝟔𝟓×𝑵𝟐) 𝑶𝟐
               ---(3) 

 JTR <0.4 normal 
 JTR <0.5 methane fire possible 
 JTR < 1.0 coal fire possible 
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 JTR >1.6 impossible 
 

Table 1 shows  typical goaf  atmosphere sample results with tube bundle and gas chromatograph. Results 
of  Young’s ratio (YR),  Jones and trickett ratio (JTR) are presented in Table 2 to 3, respectively. Young’s 
ratio (YR), and Jones and trickett ratio (JTR) Active Fire, and possibility of  coal dust Explosion 
indicating the need of further evaluation of the ratios with meticulous monitoring of goaf atmosphere 
through various continuous gas real time monitoring systems including Wireless sensor communication 
systems for understanding the status of fire. Due to spontaneous heating, the BG Panel K1 was sealed on 
18.7.18 and extraction in BG panel – K2 was started on 25.8.18. 
 

Table 1: Typical underground mine atmosphere sample results with tube 
 bundle and gas chromatograph  

 
Sl.no Time H2 O2 N2 CH4 CO2 CO C2H4 

1. 12:05 0.0000 20.8079 77.9472 0.0000 0.3445 0.0000 0.0000 
2. 12:12 0.0037 4.1918 76.3159 0.5954 18.8376 0.0076 0.0016 
3. 12:20 0.0016 4.3942 75.7087 0.5184 19.3295 0.0015 0.0060 
4. 12:30 0.0022 3.3807 75.9734 0.6748 19.9180 0.0017 0.0064 
5. 12:40 0.0018 4.9955 76.0765 0.5521 18.3272 0.0059 0.0059 
6. 13:00 0.0021 4.1501 75.9325 0.6166 19.2497 0.0017 0.0061 

 
Table 2:Young’s ratio (YR) 

Sl.no Time YR Status 

1. 12:05 -226.80 No sign of heating 

2. 12:12 117.5006 Active Fire 

3. 12:20 123.3645 Active Fire 
4. 12:30 117.3015 Active Fire 

5. 12:40 120.8537 Active Fire 

6. 13:00 120.5214 Active Fire 
 

Table 3: Jones and trickett ratio (JTR) 
Sl.no Time JTR Status 

1. 12:05 -2.2680 No sign of heating 

2. 12:12 1.1753 Coal dust Explosion 

3. 12:20 1.2336 Coal dust Explosion 

4. 12:30 1.1730 Coal dust Explosion 

5. 12:40 1.2087 Coal dust Explosion 

6. 13:00 1.2052 Coal dust Explosion 

 
BASIC BUILDING BLOCKS OF WSN 
There are several key components that make up a typical wireless sensor network (WSN) device shown in 
Fig. 3. 
Low-power embedded processor: 
The computational tasks on a WSN deviceinclude the processing of both locally sensed information as 
well as information communicated by other sensors. 
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The embedded processors are often significantly constrained in terms of computational power (e.g., many 
of the devices used currently in research and development have only an eight-bit 16-MHz processor). Due 
to the constraints of such processors, devices typically run specialized component-based embedded 
operating systems, such as Tiny OS. 
 
Memory/Storage: 
Storage in the form of random access and read-only memoryincludes both program memory (from which 
instructions are executedby the processor), and data memory (for storing raw and processed 
sensormeasurements and other local information). The quantities of memory andstorage on board a WSN 
device are often limited primarily by economicconsiderations, and are also likely to improve over time. 
 
Radio Transceiver: 
WSN devices include a low-rate, short-range wirelessradio (10–100 kbps, <100 m). While currently quite 
limited in capability too,these radios are likely to improve in sophistication over 
timeincludingimprovements in cost, spectral efficiency, tunability, and immunity to noise,fading, and 
interference. Radio communication is often the most powerintensive Operation in a WSN device, and 
hence the radio must incorporateenergy-efficient sleep and wake-up modes. 
 

 
Fig 6:  Basic building blocks of a sensor node 

 
Sensors: 
Due to bandwidth and power constraints, WSN devices primarilysupport only low-data-rate sensing. 
Many applications call for multi-modalsensing, so each device may have several sensors on board. The 
specific sensors used are highly dependent on the application; for example, they mayinclude temperature 
sensors, light sensors, humidity sensors, pressure sensors, accelerometers, magnetometers, chemical 
sensors, acoustic sensors, or even low-resolution imagers. 
 
Geo-Positioning System: 
In many WSN applications, it is important for all sensor measurements to be location stamped. The 
simplest way to obtain positioning is to pre-configure sensor locations at deployment, but this may only 
be feasible in limited deployments. Particularly for outdoor operations, when the network is deployed in 
an ad hoc manner, such information is most easily obtained via satellite-based GPS. However, even in 
such applications, only a fraction of the nodes may be equipped with GPS capability, due to 
environmental and economic constraints. In this case, other nodes must obtain their locations indirectly 
through network localization algorithms. 
 
UNDERGROUND MINE GASES 
Underground mining gases are divided into two general categories[1-11]: 
1. Combustible gases 
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2. Toxic gases 
 
1. Combustible gases: 
Combustible gases are hazardous based on the three criteria as follows: 

i. Type of gas 
ii. Ignition temperature of gas 

iii. Likelihood of gas being present in flammable concentrations. 
Flammable limit gives the proportion of combustible gases in the mixture. 

 Lower Explosive Limit (LEL): 
The minimum concentration of gas or vapour mixed with air (percentage by volume, at room temperature) 
that will cause the propagation of flames when it comes in contact with a source of ignition. In common 
terminology, mixtures below the LEL are too lean to ignite.  
 Upper Explosive Limit (UEL): 
The maximum concentration of gas or vapour mixed with air (percent by volume, at room temperature) 
that will cause the propagation of flames when it comes in contact with an ignition source. In common 
terminology, mixtures above the UEL are too rich to support combustion. 
2. Toxic Gases: 
Toxic gases can cause harm in low levels if exposed for a period of time (chronic exposure) or in higher 
concentrations over a short period of time (acute exposure), different countries have established threshold 
limit values (TLVs) for poisonous gases in order to ensure protection of the miner by providing timely 
scientific information to occupational and environmental health professionals, as well as mining 
authorities and other stake holders. 
TLVs of airborne substances refer to those concentrations within which personnel may be exposed 
without known adverse effects to their health or safety. The three types of TLVs are as outlined below: 
a) Time Weighted Average (TWA) is the average concentration to which nearly all workers may be 
exposed over given hours of work shift/week without known adverse effects.  
b) Short-Term Exposure Limit (STEL) is a time-weighted average concentration occurring over a period 
of not more than few minutes. It is also recommended that such circumstances should not occur many 
times.  
c) Ceiling Limit (CL) is the concentration that should not be exceeded at any time. This is relevant for the 
most toxic substances or those that produce an immediate irritant effect 
 
The study of hazardous /combustible gases with wireless sensor network lacks real deployments [10], 
mostly because of several reasons (i) consumption of high power by gas sensors, (ii) sensor nodes must 
ensure safe and reliable gas detection meeting the safety standards, (iii) sustained operation over a pre-
decided period of time without running out of power source, and (iv) operating in a fault-free manner 
despite deployment in adverse underground mine environment. Proposed work constituting design of 
reliable hazardous gas sensors for underground mine installation to supply sensor data continuously 24x7 
in real-time will be undergoing a pilot run evaluation in the proposed study area, i.e., ner the blasting 
gallery of the underground coal mine – 'GDK-11' Incline of RG-I area of the SCCL. 
 
CONCLUSIONS 
 
The study of remote monitoring of UG mining gases lead to autonomous decision in real time using 
ambient intelligence which provide better results than through common decision making. In our future 
work we try to study the gas level of UG mines by collecting data (sensor response time, level of methane 
as well as toxic gas concentration) by using IoT devices. 
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