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ABSTRACT 
 
Although efforts are being made in many coal mining areas to establish strata management cell as per recommendations 
of the 10th National Conference of Safety in Mines held at New Delhi 26-27th Nov, 2007, further modifications are 
required for its proper organization. This paper presents overview of problems of underground coal mining in India and 
the need of strata control investigations for improved safety, conservation and economy of the coal mining operations. In 
every coal mining company, strata control cell was expected to be established at corporate and area levels within 
November, 2008. However, till now strata control cell could not be established in all the coal mining areas as required. 
Instrumentation required for better understanding of strata behaviour around underground opening is presented besides 
approaches for design of strata control techniques.  In view of the significant level of accidents due to roof and side falls 
in Indian coal mines, emphasis is made on the recent trends in geotechnical investigations for better understanding of 
strata  behaviour in coal mines. Manpower requirement, type and number of some of the strata monitoring instruments to 
be made available at Corporate, area and Mine level are also proposed for effective organization of the strata 
management cell. 
 
 
INTRODUCTION 
 
The progress of the technology in many branches of engineering is quite rapid in recent years. However, in case of 
underground coal mining, the progress is not as expected. It remained a lot with traditional systems, and only a few 
attempts were made to adopt/absorb recent trends. Although it could be attributed partly to availability and adoptability 
of the modern mining machinery, but also mainly due to limitations of available strata control technology, be in 
underground (suitable designs of workings and support systems) or opencast mines (suitable design of pit slopes, and 
stabilization of high walls/spoil dumps etc).  
 
Prospects of coal mining depends upon the quantity and quality wise  demand, heat energy, ash content, caking index, 
economics of mining, market  pricing structure for the available produce and scope of value addition by way  of washing 
or processing of ROM (Singh, 2007).The factors are influenced by geographical distribution with quality wise 
abundance, depth wise availability, geomorphology of coal complexity of the deposits and amenability to economic 
mining options. More than 98% of our coal resources occur in 7 eastern states, with Jharkhand accounting for 29.1%, 
Orissa 24.3 %, Chhattisgarh 17.1%, and West Bengal 11.1 %. Madhya Pradesh 7.8%, Andhra Pradesh 6.9% and 
Maharashtra 3.6%.. The distribution of the coal resources  are geographically imbalanced   with just 2% of the global 
resource available in 8 eastern and central states of the country. A large part of the country has to transport coal from 
these remote areas or import from the favorable world market. The Australian and Chinese coal market is bubbling with 
activities and prepared to feed Indian market. 
 
In olden days, due to lack of proper instruments, qualitative observations with limited possibility of quantification lead to 
some empirical relations/thumb rules. However, now-days, with improved technology of mining/instrumentation, 
numerical models - computer applications for analysis of data; investigators gained enhanced satisfaction through 
observational approaches. Acceptability of such studies by the field personnel may be improved by proper interpretation 
of the data so generated by experts in the strata monitoring. There is a need to be more innovative in application of the 
existing instrumentation with proper planning by experienced strata control engineers which may lead to possibility of 
modification in existing practices for better safety and economy of mining venture.  
 
India has large resources of coal deposits for underground mining and lot of coal was blocked in existing underground 
mines. Safe extraction of these can be made possible by effective strata management. Accidents due to movement of 
strata in underground coal mines (Table 1) had been a major concern for the mining industry and it is largest contributing 
factor of underground coal mine accidents. Continuous efforts were being made by all concerned to reduce the hazard of 
strata movement.  
 
The analysis of the accidents due to strata movement for last 12 years (1997-2008) revealed that: 
 

1. The roof fall and side fall accidents accounted for 59% of all below ground fatal accidents in coal mines.  
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2. All types of strata were involved in roof and side fall accidents (shale, coal, sand stone, shaley coal, shaley 
sand stone etc.) 

3. Accidents due to fall of roof occurred in almost same proportion in bord & pillar development as well as 
depillaring districts.  

 
Table 1: Cause wise Fatal Accidents in Coal Mines, due to Strata Movement. 

 
Year Fall of roof Fall of sides Total Total          

below-ground 
accidents 

Percentage of 
accidents  due to 
strata movement 

1997 38 12 50 94 53 
1998 35 15 50 80 62 
1999 33 11 44 74 59.5 
2000 27 14 41 62 66 
2001 30 9 39 67 58 
2002 23 11 34 48 70 
2003 18 5 23 46 50 
2004 26 8 34 49 69 
2005 18 7 25 49 51 
2006 13 4 17 44 40 
2007 13 4 17 25 68 
2008 13 7 20 33 60 
Total 287 107 394 671 59 

 
 
The condition of strata and the stress environment around any working place is always dynamic in nature. No two 
working place are having identical strata condition. It is therefore essential to assess the roof condition of the working 
places at regular intervals by scientific methods.  
 
The analysis of the accidents, observations of the DGMS officers during the inspection of mines revealed that a system of 
monitoring of strata movement was not in vogue. Most of these accidents can be prevented by effective monitoring the 
strata movement and implementing SSR. Therefore, it is essential to further emphasis on the issue of strata control 
mechanism to reduce the accidents due to strata movement (fall of roof & sides).  
 
In every coal mining company, strata control cell shall be established at corporate and area levels within one year as per 
recommendations of the 10th National Conference of Safety in Mines held at New Delhi 26-27th Nov, 2007. However, 
till now strata control cell not establish in all the coal mining areas as required. This may be attributed partially due to 
lack of proper responsiveness among the officials of some coal mining Industries.  Strata control cell in coal mines can 
assist mine managers, for formulation of Systematic Support Rules, monitoring strata control measures in a scientific 
way to ensure efficacy of support system and, for procurement/supply of quality supporting materials. This issue can be 
addressed by proper monitoring of strata and taking adequate control measures in time. Geotechnical instrumentation 
although has been extensively used in the coal mines, still there is no standard procedures for undertaking the 
investigation as well as type of instrumentation for monitoring of the strata behaviour. Keeping this in view, two  short 
term courses were held at NIT-Rourkela on “Trends in strata control techniques and instrumentation for enhancing safety 
in coal mines” during July 28th--31st, 2008, and Nov 19th  - 22nd , 2009.The Mining Engineering department of NIT-
Rourkela also conducted Workshop/ Training programs in coalfield areas of M/s SCCL, SECL, WCL, MCL etc under 
the TEQIP sponsored by the World Bank through National Project Implementation Unit during Oct-Dec’08. Strata 
control technologies have undergone considerable change and it is pertinent that the field engineers must be trained in the 
state of the art instrumentation for effective implementation of the strata control measures in coal mines.  
 
 
UNDERGROUND COAL MINING 
 
Nearly 61% of the total reserve of coal is estimated within 300m depth cover, distributed in all coalfields from Godavari 
Valley to Upper Assam. The prime quality coking coal of Jharia is available mainly in upper coal horizons while the 
superior quality non-coking coal of Raniganj is available in lower coal horizons. The quality coal of central India to 
Maharashtra is also available mainly in seams within this depth range. As a result all the mines worked such seams 
extensively, primarily developing on pillars and depillaring with sand stowing.  With the unfavorable economics of sand 
stowing and non availability of virgin patches for further development, most of the mines have been   working- splitting 
or slicing the pillars,  winning roof or floor coals manually or with SDL, conveyor combination. 
 
The resource position of coal shows nearly 37% within 300-700m depth  cover and a small portion (7 %) below 600m 
depth cover.  Quality coal below 300m depth cover in Raniganj, Jharia, East and West Bokaro, North and South 
Karanpura, Sohagpur, etc should be the main targets for underground mining. The coals of Godavari and Wardha Valleys 
may also be included in this category because of preferential pricing structure.  The options world over for such deposits 
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are pillar mining- pillar mining using continuous miner, longwall mining and   sublevel or integral caving with special 
support system in case of complex thick seams. 
 
Best performance of pillar mining is reported from that of Churcha mine, the only unit to cross 1Mt annual production in 
the country. Flat 3m thick seams was worked with shuttle car and scraper loaders imported in 1960, used without design 
modification and even spare back up support.  The experience valuable was not repeated in any other mine even though 
the identical equipments were introduced in a few other mines. 
 
The next generation pillar mining equipment – continuous miner loader and bolting assembly has entered in the mines 
after nearly 4 decades with very encouraging performance at Chirimiri and Tandsi mines The system has  given 12-15t 
productivity and average production of 40000 t per month.  Identical mines under suitable geo-mining condition should 
be identified and detailed geological exploration should be done   for the deployment of such machines. From coal 
reserve and quality analysis and seam thickness and gradient,such sites appear to be in Rangundam, Sohagpur, E and W 
Bokaro, N and SKaranpura, Jharia and Raniganj coalfields where a large share of quality coal seams are still virgin. 
Isolated patches with quality coal seams in near flat seams beyond limiting stripping ratio in, M P and Chhattisgarh   may 
also be explored   for the introduction of continuous miners. 
 
Longwall technology should be adopted with due consideration of coal  seam parameters, panel geometry and coal 
quality in seams below 300m depth  cover in Jharia, Raniganj, Godavari Valley, Sohagpur, E Bokaro and S Karanpura   
where bulk of coking and superior grade non coking coals within  300-600m and below 600m depth are estimated. The 
faces should be equipped with high capacity support with rapid yielding valves to sustain ground movement shocks 
frequently felt due to massive roof. High supports suitable for  3-5m seam thickness should be used in areas where 12 - 
15km long panels  could be formed, each of 2 to 3km length and face length of 250 to 300m. Gate  road drivage 
technology using continuous miner, bolter and loader assembly  should be perfected to maintain advance preparation of 
the panels so that the  faces could get unhindered operation for its life  
 
Mining of complex deposits often worked with sand stowing has failed to meet the production target, productivity and 
economics. The method of  slicing with mass caving in vertical section like horizontal slicing inclined slicing or sublevel 
and integral caving used successfully in complex deposits of Yugoslavia, Romania, Soviet Union, Poland or France may 
have to be perfected for underground mining of thick seams. Power support for working over sand stowed floor while 
mining thick seams in slices is available in the world market, particularly in Hungary may prove to be suitable for 
working of thick seams under riverbeds in different  coalfields. Methane drainage from the seams under mining should be 
done to ensure better working environment, safety of the workers and the workings. The operating mines, with 
small patches declared to be virgin till date should not be selected for the deployment of longwall mining or continuous 
miners as invariably they lack vertical and horizontal transport facility and adequate number of panels for equipment life 
time. 
 
Geological exploration to locate suitable panels for each set of  equipment with seam thickness variation within the 
permissible limit, coal of quality and roof rock formation should be done in depth before introducing any such cost 
intensive technology   with continuous miners in 300-400m depth cover and longwall technology below 400m depth 
cover. Necessary steps to ensure their success is summarized as follows 
· Shaft sinking technology should be perfected to develop access to deeper seams 
· Back up facility – vertical and horizontal transport, processing and dispatch system should be compatible to the mass 

production technology. 
· Equipment supply and spare availability should be ensured for efficient  full life performance 
· Man power preparation including training and on face operational skill should be developed on priority 
· Work culture should be improved in respect of devotion, commitment and adaptation of modern technology with 

efficiency 
· Program should have support of the nation for continuity and financial back up 
· So far as possible, the equipment should be imported lock stock and barrel to start with, followed by manufacture 

within the country. 
 
The nation has to gear up for large underground production within next three to four decades; for 300 to 400Mt annual 
production. The involvement of industrial houses and those of leading global players   should be encouraged for State of 
Art resource input and managerial support. 
 
STRATA CONTROL  
 
With the advent of modern coal mining techniques, it has become imperative to adopt roof bolting as a primary means of 
support in place of the traditional supports. About 2500 million tons of coal has been locked in pillars of which only about 
1000 million tons is amenable to opencast mining, about 1500 million tons is to be extracted by underground mining. 
Strata control management is one of the major reasons for losing of pillars. Although technology has improved now-a-
days with the introduction of Blasting Gallery method, Integrated Caving method and Hydraulic Mining, some of them 
are unsuccessful with the loss of trials at Churcha, Kottadih, etc., and many more due to lack of suitable strata control 
techniques.   Salient features that lead to typical problems in underground coal mining include; 
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 Steeply dipping, faulted, folded, highly gassy beds under aquifers and protected land have remained virgin. 
 Developed pillars under fires, surface features sterilized because of acute shortage of sand. 
 Development has been in multi sections.  
 Highly stressed zones have been created due to barriers/stooks causing difficulty of undermining of the seams.  

 
Hazardous roof conditions identified in some mines of other countries were positively correlated with mining activities 
beneath stream valleys (Mucho and Mark, 1994). Evidence of valley stress relief was found beneath several valleys in the 
form of bedding plane faults and low-angle thrust faults. At many places the ratio of horizontal to vertical stress was in 
the range of 2 to 3. This type of failure, previously believed to be only a shallow phenomenon, was also found at 
increased mining depths. 

 
Horizontal stresses affect a number of US coal mines (Mucho, et al., 1995). To address the effects of the stress field and to 
control its potentially damaging effects, a number of control strategies have been developed, such as reorientation of the 
retreat direction, stress shadowing of the key openings, and altering the mining cut sequence. However, many of these 
techniques are direction dependent, and to be effective, they require precise determination of the major (maximum) principal 
horizontal stress direction. For these types of typical geomining condition associated with high horizontal stress, a system of 
roof truss was used successfully. Cable bolts were effectively utilized for strata control in thick seams and adverse roof 
conditions in Indian coal mines (Jayanthu and Gupta, 2001). Roof slotting is one tactic to stress shadow the adjacent workings 
(Frank et al., 1999).  

 
The studies by the National Institute for Occupational Safety and Health (NIOSH) and the Mine Safety and Health 
Administration (MSHA) at Sargent Hollow Mine, in Wise County, VA, indicated that the weak floor strata was being 
subjected to, and damaged by, high horizontal stresses. After the ‘advance and relieve mining method’ was implemented, 
the overall mining conditions at the mine improved, and the roof control plan was approved for further use.  
 
Roof falls have been usually attributed to bad roof strata and high vertical stresses related to the overburden depth. However, 
for shallow depth conditions, roof falls in recent studies have been attributed to high horizontal stresses (Yajie and John, 
1998). About 73 roof falls analysed in USA, 37 occurred in the entries with 52o angle with the major horizontal stress. 
Unfortunately majority of the locked up pillars in thick seams have strata control problems possibly due to high horizontal 
stresses, and need careful review of history of falls. Through the horizontal stress recognition features, some of the following 
control techniques can be effectively implemented; 
 
 reorienting the drivage direction of the mine openings 
 panel orientation and retreat direction 
 stress shadowing through key openings 
 altering mining cut sequences 
 
In absence of the in-situ stress measurements in majority of coal fields, the following symptoms of a horizontal stress 
concentration exceeding strength of the surrounding rock were identified in different case studies. 
 
 The roof problems occur under lighter than average depth cover, so vertical stress is evidently not a factor. 
 The roof in the other gate of a longwall face may be in excellent shape, implying it is stress relieved. 
 There may be a stress valley above the problem area. 
 The problems show a recurring pattern with each crosscut becoming unstable when the face approaches an intersection. 
 The roof is week, particularly a laminated shale. 
 The panel may be the first in a set or lengthening of a panel has created a “stress shadow”. 
 
In the light of experience of past few years, the norm for designing of Systematic Support Rules in development roadways 
needs reexamination and modification. Life of the roadway should also be considered while designing the system. The 
galleries of a Bord and Pillar system may be self-supporting under a very strong roof or the immediate roof may be supported 
by props, roof bolts or roof stitching depending on the local conditions (Mathur, 1999). The weight of the main strata is borne 
by coal pillars. During pillar extraction, props, cogs, roof bolts have been conventionally used in splits, slices etc., with skin-
to-skin chocks near goaf edges (Mobile Roof Supports in USA).Performance of the support systems have been extensively 
studied worldwide for understanding the strata mechanics. higher bond strengths and anchorage capacities with reduced 
annulus was indicated (Tadolini, 1998).  Developments in support systems are related to material for bolts (cuttable bolts, 
tendon, resin, acconex, etc., for grouting, swellex, truss bolts), mobility of supports (mobile roof support), capacity of 
supports (high capacity shields, props) (Gupta and Prajapati, 1997; Khan and Hassani, 1993). 
 
Mobile supports have been successfully deployed for depillaring (Larry, 1998). Support capacities up to 800 tons are 
available and need introduction in Indian coalfields. It provides an upward active force on the immediate roof strata and 
results in normal cave line pushed back into goaf. This allows a wide stook to be mined while depillaring, thereby costly 
and relatively unproductive cycle of splitting of pillars and associated support can be minimised. In near future, the 
concept of man-less mining needs to be adapted to the maximum possible extent for improved safety, production, and 
productivity. 
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Continuous monitoring of strata behaviour in terms of convergence of openings in advance on either side of the 
extraction line, and stress levels over pillars, stooks in advance of the extraction and ribs in the goaf was required through 
remote monitoring instruments for understanding the strata mechanics at critical conditions of roof falls. Continuous 
monitoring of support pressures was attempted to investigate the rock mass response to mechanised pillar extraction 
(Follington IL and Huchinson, 1993). Integrated Seismic System (ISS) was introduced for an experimental trial at Rajendra 
mine, SECL, for prediction of strata movement during coal extraction by longwall mining. The system developed by South 
Africa works on the principle of monitoring microseismic activities through geophones. The concept of tele monitoring or 
online monitoring is yet to be established to improve the safety aspects in underground coal mining. The use of Borehole 
TV Camera for caveability studies is the need of the hour for detailed analysis of strata behaviour during mining. 
 
 
GEOTECHNICAL INSTRUMENTATION  
 
Geotechnical instrumentation although has been extensively used in the coal mines, still there is no standard procedures 
for   undertaking the investigations as well as type of instrumentation for monitoring the strata behavior. Over the years, 
geotechnical instrumentation and strata control technologies have undergone considerable change and it is pertinent that 
the field engineers must be trained in the state of the art instrumentation for effective implementation of the strata control 
measures in coal mines. Purpose of the instrumentation should be clear for the planners before commissioning any 
instruments for understanding strata behaviour. Inadequate number or improper selection of instruments may lead to 
unsafe decisions by mine planners, while more than required number/type of instruments, not only lead to confusion but 
also uneconomical. Therefore, experienced strata control engineers  with proper understanding of the field problem, and 
sufficient knowledge on interpretation of the so generated data are primary requirements for a successful 
instrumentation program. Some of the common requirements for use of the strata monitoring instruments in underground 
coal mines are as fallows: 
 
Comparison of effectiveness of different strata control practices: 
Qualitative as well as quantitative nature of strata behaviour was monitored in the development galleries. Details of the 
strata monitoring instruments, namely, convergence stations, extensometers and Tensmeg strain gauged cables along 
with other type of strata monitoring instrumentation are presented elsewhere (Jayanthu et al., 1998, CMRI, 1997, NIRM, 
1997, 1998, 1999). These monitoring stations installed at about 10 m interval along the galleries and in junctions of the 
development workings with different type of supports could be used successfully for  understanding the effectiveness of 
the support system with cable bolts and roof bolts. 
 
Prediction/warning of roof falls: 
Prediction of strata behaviour by theoretical analysis become unreliable due to almost impossibility of simulation of the 
real field conditions in mathematical, physical or numerical models. Thus, empirical formulation, based on in-situ 
measurements of strata behaviour parameters, is an accepted way to estimate the strata behaviour.  
 
Critical conditions of strata behaviour invariably occurred in Indian geomining conditions after extraction of two rows of 
pillars with 50 – 60 m span, and at an area of extraction of 4,000 - 6,000 m² including the ribs in the goaf. Therefore, 
strata pressure and its manifestation in terms of convergence need intensive monitoring at these conditions. Attempts 
made for warning of such condition include measurement of convergence of galleries around the extraction line on daily 
basis, but indices formulated in terms of rate of convergence per day appeared to be useful for 60% of the cases. 

 
Continuous monitoring of strata behaviour in terms of convergence of openings in advance on either side of the 
extraction line, and stress levels over pillars, stooks in advance of the extraction and ribs in the goaf was required through 
remote monitoring instruments for understanding the strata mechanics at critical conditions of roof falls. Continuous 
monitoring of support pressures was attempted to investigate the rock mass response to mechanised pillar extraction by many 
investegators (Follington IL and Huchinson, 1993). Convergence of advance workings in depillaring panels has been widely 
believed to be a  reliable  indicator for warning of goaf falls.  However, misconception on the limitations of the warning 
limits, interpretation of the convergence data caused confusion in taking the decisions on safety of the workings and the face 
workers in many situations of depillaring. Thus, the design and successful implementation of the warning system as part of 
the mine production cycle pose a stern challenge to mine managements. It is a challenge that will require adoption of a multi-
desciplinary approach.  
 
Many accidents in depillaring panels in recent times are self revealing and emphasizes the need of proper education to the 
concerned on the limitations and applicability of the existing guidelines and further studies required for the purpose.  Many a 
times, the rate of convergence in advance galleries/workings   exceeding 2 mm/day has been adopted for prediction (probable 
warning) of goaf falls in depillaring panels in Indian coal mines (Anon, 2001). The term, “prediction” may not suite well to 
the situations with uncertainty of input data such as; geo-mechanical properties, variation of different parameters from site to 
site etc (Peng et al, 1998).  Therefore, use of only the term “probable warning” of goaf falls is emphasized in this paper. 
Prediction (probable warning) of goaf falls based on convergence data was discussed by many investigators (CMRI, 1987; 
Maity et al, 1994; NIRM 1997).   However, its applicability in varying geomining conditions was not widely evaluated.  As a 
result, applicability of such guidelines to the situations of some of the accidents, resulted in conclusion of the strata mechanics 
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analysis as “a gods act”, in view of the “art” of mining still taking over the available “Science” of  mining.  In all, strata 
movement has been accounted for about 30% of the total underground accidents due to fall of roof (Jayanthu et al, 1998). 
Nearly 50% of the accidents are in depillaring areas, and about 15% are due to abutment pressure.  On the whole, 1/6th  of the 
accidents are attributable to lack of prior knowledge of unsafe conditions and unavoidable. This indicates the need of detailed 
technical examination of methods of extraction, formulation of reliable guidelines for warning of roof falls,  and  strategies to 
be adopted for improved safety,  productivity and conservation.  
 
Generation of data base/formulation of guidelines/ Evaluation of applicability of existing guidelines:  
Technically, observational approaches for strata control have been widely thought over but limited attempts were made 
due to need of additional instruments for the purpose of monitoring of the roof behaviour. Various instruments visually 
showing bed separation, etc, are used in UK, USA etc, to evaluate the effectiveness of the support/stability of roof. 
Modifications in the support systems were made based on the data from these instruments. A typical instrumentation at 
par with the International standards has been suggested for recent trials at some of the Indian mines, where the pillaring is 
critical due to difficult strata conditions (Fig 1). 
 
Probable issues inhibiting formulation of reliable guidelines may be due to widely varying site conditions from one panel to 
another, limitations of the existing instrumentation, practical problems of commissioning and maintaining the instruments, 
collection of the monitoring data, lack of proper experience/exposure of the investigators/front line supervisors to understand 
and infer the data, which may misguide  the miners and probably create confusion on taking proper decisions based on such 
guidelines.  Consequently, a permanent loss of the property or life is imminent in view of improper understanding of the 
limitations of the instruments, reliability of the data and the probably misleading inferences.  Keeping these issues in view, an 
attempt is made to study the applicability of the existing guidelines for warning of roof falls based on convergence data with 
respect to the experimental studies in a bord and pillar panel at New Chirimiri Ponri Hill (NCPH) mine, Chirimiri area of 
South Eastern Coalfields Limited (SECL) (Jayanthu, 1999). Based on the available convergence data of four experimental 
panels, attempt was made in the beginning to derive warning limits based on application of the existing guidelines for warning 
of major roof falls.    
         
About 250 records of convergence were available for different monitoring stations before local/major falls in the four 
depillaring panels. The distance between the monitoring station and the goaf edge was in the range of 5 to 50 m, and 
about 30 records were also available for the convergence inside the goaf. Maximum convergence recorded in panel #15, 
#16 , #17 and #18 in advance workings/split/galleries was 26 mm, 20 mm, 28 mm, and 37 mm respectively 
(Jayanthu,etal 2004). Statistical analysis was conducted on the data eliminating the readings of some of the disturbed 
stations. Maximum rate of convergence before the major roof fall increased upto 4 mm/day within 10 m from the line of 
extraction, while it was within 1 mm/day beyond  50 m in advance of line of extraction. It also indicated poor probability of 
warning of roof falls on the basis of cumulative convergence or the rate of convergence on daily basis. However, based on this 
data it can be said in general terms that cumulative convergence exceeding 20 mm has a probability of 80% for warning of 
fall, while the rate of convergence exceeding 1.5 mm/day has 60% probability  of warning the major roof fall in case of the 
instruments located within 60 m  in  advance of line of extraction.  The present practices and purpose of some of the 
strata/support monitoring instrumentation is as follows: 
             
             
             
             
             
             
             
             
             
              
 
 
 
 
 

 
 
 
 
 
 

Fig 1: Typical instrumentation for strata monitoring  
around underground workings. 
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Extensometric Monitoring 
Multi-point magnetic-ring extensometers will be used to monitor the bed separation up to 8 - 10 m in the roof at a few 
selected locations. A few Tell Tale instruments will also be installed for estimation of bed separation in the roof. 
Extensometers may also be installed in the floor, to determine the extent of floor heave. Similarly, the sides also will be 
monitored to assess the movements within the pillars. Based on the data recorded, the horizon of the weak planes along 
which bed separation or fracture is taking place, will be identified.  
 
Strain in the Bolts 
Instrumented bolts will be installed in the roof. These instruments will provide information about the strain or load 
developed along the length of the grouted bolt at different portions. These instruments will also be used in the sides of the 
pillars/floor to estimate the thrust 
 
Load on Bolts 
Anchor load cells will be installed along with the freshly installed bolts. These load cells will indicate the total load 
exerted by the strata along the bolt length. 
 
Stress Changes 
The change in stress with the extraction process will be monitored using stress gauges installed in the pillars. They will 
be installed at suitable depths inside the pillars, and they will be monitored as the drivages progress.  
 
Roof-to-Floor Convergence 
Convergence points would be installed at suitable locations for recording roof to floor movements at different stages of 
depillaring. The telescopic rod convergence meter measures the distance between two pegs, one in the roof and the other 
on the floor vertically below it.  Remote convergence stations function on the principle of change of resistance due to 
convergence.  

 
 
MINING OPTIONS  
 
In the light of limited coal reserve in Indian territory, limited quality coal reserve, quality coal reserve within 300m depth 
cover extensively disturbed by pillar mining and poor recovery with pillar mining, it is recommended to go for extensive 
surface mining in all the major coal basins up to the stripping ratio of 1:10. Similarly in case of newly explored power 
grade coal bearing basins- Singrauli, Rajmahal, Korba, Mand Raigarh, and Talcher etc, it is recommended to go far 
surface mining up to 1:8 stripping ratio. The coal seams below in selected basins of quality coals – Sohagpur, E&W 
Bokaro, N&S Karanpura, Jharia, Raniganj, Wardha and Godavari valleys are recommended to go for underground – 
longwall, pillar mining with continuous miner and mining with vertical production concentration technology in case of 
thick coalescing seams. 
 
No pillar mining is techno-economically viable below 400m depth cover and therefore in deeper coal basins, longwall is 
the only technology but with State of Art equipment and annual production guarantee above 2Mt. In view of more than 
half the share of total coal in seams over 5m thickness, longwall slicing in one or other form is suggested. 
 
The future of the mining industry demands more emphasis on meticulous application of rock engineering techniques, 
support design, modification to the existing guidelines through observational approaches, for cost effective and safe 
mining operations. Many research and academic institutions initiated many studies to help coal industry for better, 
efficient and safe extraction of coal through i) analytical analysis and mathematical models, ii) empirical analysis and 
models, and iii) numerical modeling with computerization. Some of the rock mechanics analyses were aimed at i) support 
design in complex mining conditions, ii) partial extraction under water bodies/townships through wide stall methods, and 
iii) mechanized depillaring with cable bolting as major support. The methods were site specific and were designed for 
intermediate level of mechanisation and techno-economically viable in terms of production and productivity. Still there is 
a scope for rock mechanics application in the following areas : 

 
- Development of scientific methods for maximum recovery under surface structures 
- Exploitation of thick and multiple seams for shallow depth covers 
- Utilisation of crushed overburden material for stowing 
- Support designs for deep mining of thick seams 
 
Surface mining up to 1:10 stripping ratio in case of quality coal seams and at least 1:8 in case of power grade coal should 
be accepted   before some of the coal fields are subjected to slaughter mining vis a vis selective mining of upper seams of 
quality coal with dumping of burden over the lower seams. This will block the future of surface mining in coalfields of 
Damodar Valley, MP and Chhattisgarh. Concurrent reclamation and rehabilitation of the mining area to the level better 
than the pre mining status should be done and the lease be returned to the oustees for agriculture, forestry or other gainful 
usage. 
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A. MAN-POWER 
 

a. Corporate Level: Strata Management cell shall be headed by a person not below the 
rank of General Manager, preferably the head of Research & Development Section. He 
shall be assisted by two Sr. Strata Management Officers, two Sr.Strata Monitoring 
Officers, two Geotechnical Engineers, one Hydrogeologist  and suitable number of 
scientific assistants.  Sr. Strata Management Officer and Sr.Strata Monitoring Officers 
shall posses B.Tech (Mining) degree and First Class Mine Manager Certificate with 12 
years and 10 years experience respectively and have good exposure to strata control 
techniques. Geotechnical Engineer and Hydrogeologist shall have M.Sc. (applied 
geology) and possess knowledge of structural mapping, strata movement measuring 
instrumentation etc. with 5 years experience in the relevant field.  

 
b. Area Level : Strata Management cell shall be headed by person not below the rank of 

Dy.General Manager, designated as Area Strata Management Officer. He shall possess 
same qualifications and experience as of Sr.Strata Management Officer. He shall be 
assisted by Strata Evaluation Officer, Instrumentation Officer and Strata Monitoring 
Officer.  These officers shall hold First Class Mine Manager’s certificate and have 
minimum 8 years experience in underground mechanized coal mines. Persons possessing 
post graduation qualification in strata management shall be preferred. Basic duties and 
responsibilities of Strata Evaluation Officer, Instrumentation Officer and Strata 
Monitoring Officer are scientific investigation of strata & design of SSR, design of 
instrumentation plan & fixing of strata movement instruments in mines and monitoring 
of strata movement respectively.  These officers shall be further assisted by one 
Geotechnical Engineer and suitable number of scientific assistants.  

 
c. Mine Level:  Strata management cell shall be managed by a strata monitoring officer 

holding a First Class Mine Manager’s Certificate and possessing 8 years experience in 
underground coal mining and has exposure to strata control techniques. He shall be 
assisted by suitable number of scientific assistants and mining sirdars for day to day 
monitoring purpose. At least one strata control mazdoor shall be deployed in each shift 
for continuous monitoring purpose in each depillaring/longwall district. 

 
B. INSTRUMENTS 

 
Sl. 
No. 

Type of Instruments Corporate Area Mine 

1. Tell-tale (Mech.)  2nos 20nos 4nos 
2 Multi-point Bore Hole Extensometer 2nos 20nos 2nos 
3 Tell-tale (Electronic)  2nos 20nos 4nos 
4 Spring loaded convergence recorder  2nos 50nos 2nos 
5 Telescopic Convergence Recorder  2nos 20nos 2nos 
6 Remote Convergence Indicator  2nos 10nos 2nos 
7 Stress Meter  2nos 30nos 4nos 
8 Mechanical type/hydraulic type load cell  2nos 30nos 6nos 
9 Electronic load cell 4nos (2*+2#) 20nos (10*+10#) 2nos 
10 Flat jack  2nos 10nos 1no 
11 Earth pressure cell  2nos 20nos 1no 
12 Crack Meter  2sets 10sets 1no 
13 Joint Meter  2sets 10sets 1no 
14 Strain Gauge Rock Bolt/Instrumented Bolts 2nos 20nos 2nos 
15 Magnasonic Extensometer  1no. 2nos 1no 
16 Borehole micrometer  2nos 2nos 1no 
17 Different types of measuring tape  4nos 4nos 2nos 
18 Read out unit of each and every electronic 2sets 4sets 1set 
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– 1 set each equipments & installation tools 
19 Data logger – with related computer  1set 1set 1set 
20 Lap top  2nos 2nos 1no 
21 Strata Control Software packages  2nos 2nos 1no 
22 Digi cam  1no 1no - 
23 Electronic distance measuring tape  1no 1no - 
24 Borehole TV Camera  1no 1no - 
25 LCD Projector  1no 1no - 
26 Chart type convergence recorder  2nos 2nos 1no 
27 Tape extensometer  2nos 2nos 1no 
28 Ground penetrating reader (GPR)  1no 1no - 
29 Strain Gauges  2nos 10nos 2nos 

 
*  Prop type 
#  Roof bolt type 
 
CONCLUSIONS 
 
The establishment of Strata Management Cell in each company need not be overemphasized and the mining community 
knows the importance of it in evaluating, monitoring and controlling strata movement. Mining Engineering Department 
of NIT, Rourkela and DGMS conducted number of workshops at Rourkela, Bilaspur, Ramagundam, Jarsiguda, Nagpur 
etc. to the officers of Coal India Ltd. and Singareni Collieries to educate the importance and functioning of Strata 
Management Cell.   Strata management cell in coal mines can assist mine managers, for formulation of Systematic 
Support Rules, monitoring strata control measures in a scientific way to ensure efficacy of support system and, for 
procurement/supply of quality supporting materials. This issue can be addressed by proper monitoring of strata and 
taking adequate control measures in time. Geotechnical instrumentation although has been extensively used in the coal 
mines, still there is no standard procedures for undertaking the investigation as well as type of instrumentation for 
monitoring of the strata behaviour. All the coal mining industries should take necessary steps to equip the strata 
management cell at corporate level, area level and mine level as derailed above with requisite manpower. These steps 
will pay a long-way to avoid accidents due to strata movement in the Indian Coal Mining Industry.  
 
 
ACKNOWLEDGEMENTS 
 
The first Author is thankful to Prof. R,N.Gupta, Former Director, Dr V Venkateswarlu, Head of Mine design division, 
National Institute of Rock Mechanics (NIRM) helped in conducting various studies on strata control, methods of coal 
mining in various mines. The views expressed in the paper are those of the authors and doesn’t necessarily of the 
organization. 
 
 
BIBLIOGRAPHY 

1. CMRI. (1997): Mechanised depillaring of thick seam standing on pillars at NCPH mine with cable bolts as high 
roof support, (Unpublished) S&T report, 107 pp.  

2. DGMS, 2001, accident due to failure of slope in an opencast coal mine, DGMS circular # 2 vide letter #DGMS 
(technical) S&T/circular/2 dated 20.6.2001. 

3. DGMS, 2007b, Proc. National Conference on safety in Mines, 26-27 November,2007, New delhi, 2007. 
4. Jayanthu S , 2007, importance of  strata behaviour observations  vis-à-vis experimental trials  in underground 

mines, IME Journal, vol 46, no. 4, pp 32-39. 
5. Jayanthu S,1999a, strata behaviour during extraction of pillars in thick coal seams, PhD thesis, BHU-Varanasi. 
6. Jayanthu, S. 1999b: Application of rock mechanics for improvement of productivity in thick coal seams - an 

appraisal, Proc. of  Platinum Jubilee Symposium on Improvement of Productivity in Mining Industry, 28-29 
Jan’99, BHU, Varanasi. 

7. Jayanthu, S., Singh, T. N., Singh, D. P. (1998): A critical study of strata behaviour during extraction of pillars in 
a thick coal seam, Proceedings of  17th Int. Conf. on Ground Control in Mining, West Virginia University, 4-6th 
Aug’98. 

8. Mathur S.P., 2007, Underground Coal Mining A Challenge, Proc. Of National Seminar on Mining Technology-
Present and Future 21-22 September 2007, Bhubaneswar  

9. Peng, S, S.,  Chiang, H, S. (1984): Longwall Mining, p. 708 (Wiley : New York) 
10. S Jayanthu, Ajay Kumar Kaushik, V Venkateswarlu, R N Gupta, 2002, Development of Engineering Rock Mass 

Classification System for Design of Jointed Rock Slopes (S&T Project funded by the Department of Mines, 
Ministry of Coal & Mines, Govt. of India), unpublished report. 



 10

11. S Jayanthu, B N  Naik,  P N Mallick and Dr M K Mishra, 2007, advanced geotechnical instrumentation for 
improving safety in underground mines, Proc. National Symposium on ENTMS-2006,  Bhubaneswar, 10-11 
May, 2007.  

12. Singh T N,  2007, Eco-friendly mining of coal -a need for developed india, Proc. Of National Seminar on 
Mining Technology-Present and Future21-22 September 2007, Bhubaneswar  

13. Banerjee G., Kushwaha A., Kumbhakar D. & Sinha A., 2007,Prediction of Strata and Support and Support 
Behavious during Shortwall Mining of Developed Bord and Pillar Workings at Balrampur Mine, SECL, Proc. 
Of National Seminar on Mining Technology-Present and Future 21-22 September 2007, Bhubaneswar  

14. Follington, IL and Huchinson, IN, 1993, Application of continuous monitoring to investigate the rock mass 
response to mechanised pillar extraction, Geotechnical instrumentation and Monitoring in open pit and 
Underground mining, Szwedzicicki (ed.), Balkema, Rotterdam, pp 169-174 

15. Frank, EC, Mark, C and Mucho, TP, 1999. The advance and relieve mining method: A horizontal stress control 
technique. Proc 18th Int Conf Ground Control in Mining, West Virginia, USA. pp. 300-308 

16. Gupta, RN, and Prajapati, RB, 1997, Improvement of roof control by laterally confined fully grouted bolts, 27th 
International Conference of Safety in Mines Research Institute, New Delhi, pp 729-741. 

17. Jayanthu S and Gupta RN, 2001, Characterisation of strata behaviour around coal mine roadways supported by 
roof bolts and cable bolts, International conference on Roof bolting in mining, Aachen, pp 163 – 172.  

18. Jayanthu S, Naik B N, and Amarendra Jha, 2007, Geotechnical investigations in design of rock slopes - a critical 
appraisal, proc. of national seminar on mining technology-Present and Future 21-22 September 2007, 
Bhubaneswar  

19. Khan, UH and, Hassani, FP, 1993, Arapree - A cuttable cable-bolt support system, Innovative Mine Design for 
the 21st Century, Bawden & Archibald (eds) Balkema, ISBN, pp 1033-1043. 

20. KHARE B.P, 2007 Opencast Coal Mining in India-Present  Status and Future Larry Howe, 1998, A decade of 
mobile roof support application in the United States, 17th International Conference on Ground Control in 
Mining, West Virginia University, 4-6th Aug. ’98, pp 187-201. 

21. Mathur S.P., 2007, Underground Coal Mining A Challenge, Proc. Of National Seminar on Mining Technology-
Present and Future 21-22 September 2007, Bhubaneswar  

22. Mucho TP and Mark C, 1994, Detremining horizontal stress direction using the stress mapping technique, 13th 
Conference on Ground Control in Mining, West Virginia, 2-4th  Aug. ’94, pp 277-289. 

23. Tadolini S, 1998, The effects of reduced annulus in roof bolting performance, 17th International Conference on 
Ground Control in Mining, West Virginia University, 4-6th Aug. ’98, pp 231-236 

24. Yajie Wang and John S, 1998, Roof control under conditions of shallow depth and high horizontal stress field- a 
case study, 17th International Conference on Ground Control in Mining, West Virginia University, 4-6th Aug. 
’98, pp 113-118. 

25.  


