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ABSTRACT 

The dimensional stone industry is passing through a crucial phase of stiff challenge to meet the quality requirements & competitive prices of the stone products being extracted. The existing quarries are hurrying to increase their production and many new quarries are being developed to meet the ever increasing market demand. Fresh ventures are countless and there is constant effort for fresh quarrying by new entrepreneurs. The process thus necessitates for quick adjustments for quality stone products with enhanced production. Baring a few, majority of the entrepreneurs fail to achieve the desired results and there is a definite risk.

The quarrying of dimensional stones demands for discreet extraction technology owing to variations in their geological, geotechnical and physico-mechanical characteristics. A successful extraction technology of one quarry may not yield good results in another quarry due to large variations in their nature of occurrence. The large investments made on quarrying are often difficult to be realized due to improper planning and lack of scientific approach.  Therefore, certain critical parameters of risk involving stone quarrying have been discussed in this paper.

INTRODUCTION

The Indian granites for use as dimensional stones have been recognized worldwide for their aesthetic beauty and availability in innumerous variety in different colours and shades.  The usage of granite blocks for various applications both within and out side the country has increased the revenue generation manifold. The export of dimensional stones is steadily contributing to the Government’s exchequer over many years and today, dimensional stones alone share about 20% of the revenue generation. As the business is flourishing with continuous flow of money many riches were made.  The prospect of the business has easily attracted many businessmen and as a result countless quarries were mushroomed in a splash of time with the sole aim of making quick money. 

The scientific and engineering application for stone quarrying was sidelined except for a few major companies. The end result was that majority of the quarries have run on loss and closed down due to poor quality of the blocks and very less recovery. The mushrooming of quarries has never ended and is continuing though, at a slower pace. The process has undoubtedly, left several quarry operators in a state of confusion apart from generating huge revenue losses for want of some guidelines related to risk component. A general assessment of quarry performance reveals that about 70 – 80 % of them are unsuccessful. In view of this, certain critical parameters having direct influence of quarry performance and their survival has been addressed in this paper.  

CRITICAL PARAMETERS FOR BLOCK EXTRACTION

Number of case studies has been conducted by the authors solving various problems associated with the exploitation of granite blocks.  Data generated during the studies has been recorded and critically assessed with respect to their response to various aspects of block extraction.  All parameters influencing the extraction of blocks have been considered to define the critical parameters that control the production of saleable blocks. Certain parameters are to be simultaneously compensated during the block extraction process.  These parameters may be called as the critical parameter, which prevails on the decision for opting of a quarry for extraction.  The critical parameters are shown in figure 1.
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Figure 1. Critical parameters for stone quarrying

a) Mode of Occurrence of the Deposit

Once the commercial validity of the stone has been proved, the next operation will be to open the quarry to make it amenable for block production. Opening up of a quarry at the right location with sufficient provision for development of working faces, haul roads, expansion of benches etc., is an important process in the quarrying for dimensional stones. The location and methods of opening up depends mainly on topography of the area. A major problem of Indian quarries are that most of the quarries (of any topography) were not developed in a systematic way and very frequently either needs to be abandoned or reopen from a different location. Abandoning or reopening of a quarry involves huge losses/investments and often discourage/curtail further advancements due to shortage of working capital. 

The deposit may occur in any of the following forms.  

· Flat

· Tabular

· Rough

· Very Rough etc.,

· Unlimited

· Limited

· Confined

· Inclined

· Orientation etc.,

b) Geological-cum-Geotechnical Characteristics

The block splitting technique for a site largely depends on the physico-mechanical properties of the rock and the nature & orientation of the jointing system. Splitting becomes easy when prominent loose joints are present in vertical and horizontal planes. Loose or filled joints are very rarely encountered and only tight joints are commonly present. The prevailing conditions at the field overwhelmingly demand meticulous planning for safe extraction and preservation of the valuable blocks. Quite often the need for drilling required number of holes were neglected without considering the nature of the jointing system (loose/tight). There is a wrong apprehension to save on drilling that finally ends up with damage to the saleable blocks.  

It is upheld not to compromise on drilling the required number of holes at correct spacing for both vertical and horizontal splitting. Before a decision could be made it is prudent to thoroughly inspect the jointing patterns and confirm its nature. 

The following properties shall be studied to assess the quality of stone for their commercial viability.

· Structure

· Texture

· Colour

· Intrinsic designs etc.,

· Discontinuities

· Fractures

· Joints

· Bedding planes etc.,

· Physico-mechanical properties of the rock 

c) Quarry Configuration

The orientation of faces significantly influences the recovery of saleable blocks. The orientation of faces in favourable direction, usually along the strike of the foliation or the major joint set is desired. Unfavourable orientations very frequently result in damage to the rockmass and wastage of valuable material through development/propagation of cracks/fractures and toe formations. Sometimes it becomes compulsory to orient the faces across the foliation to produce block patterns most liked by the buyers. In such cases; a matching technology should be adopted to combat any adverse affect arising out of unfavourable face orientation. 

The faces should be advanced in proper sequence with a suitable lag/lead (preferably > 10 m) for flexibility of operations. The sequencing of faces would provide the advantage of merging two benches as one when the thickness of individual bench is reduced to less than 2 m or so due to the dip of the horizontal joints. Merging of the faces will not only minimise damage to the block but would also save considerable time. Atleast three working faces should be developed at different areas of the quarry for achieving the desired production and to compensate for the unproductive areas. The following parameters largely govern the quarry configuration.

· Dimensions of the quarry

· Number of quarry-faces

· Orientation of faces and direction of advance

d) Technology for quarrying

In our country only a few of the quarries are mechanized and majority of them are still employing conventional manual methods for the extraction of granite blocks. Among the mechanized quarries the degree of mechanization is either on the lower or on the higher side and did not match with the production target, quarry layout and life of the quarry. This is mainly due to lack of scientific approach in the evaluation of the deposits and isolating the machinery requirements based on quarry performance and assumptions. Improper selection of equipment often leads to under utilization posing serious operational problems apart from poor rate of production. The rockmass response to various techniques of extraction is seldom considered during the process of machinery selection that has a vital role to play in the economics of operation. Unlike other mining operations, the quarrying of granite demands for site-specific selection of machineries owing to large variations in their geological, geotechnical and physico mechanical characteristics. A successful extraction technology in one quarry may not yield good results in another quarry. Therefore the techno-economic analysis of a deposit shall not be neglected for operating a quarry of any nature.  The huge investments made on these machineries are difficult to be realized immediately due to mismatching of equipment with the production. 

Another factor influencing the mechanization process is the market price of the individual variety of granite. Under similar conditions of mining, the quarries producing granite type having superior commercial value can afford to invest on the machineries with ease compared to the other granite types having inferior market value. The fluctuations in the market values of different varieties of granite would also significantly influence the choice for the degree of mechanization. On the other hand majority of our quarries are very small in nature and depends totally on conventional manual methods of extraction. In such quarries the rock mass suffers severe damage during the extraction process leading to wastage of precious rock materials. The process of extraction is also time consuming. Therefore, there selection of a proper technique of extraction is an elegant task. The available techniques of extraction include;

· Flame jet

· Explosive splitting

· Diamond wire cutting

· Slot drilling

· Feather & Wedges

· Use of chemicals

· Hydraulic splitting

· Water jet

· suitable combinations of above

e) Block geometry

Determination of block geometry and hence the correct block size is critical in the extraction process. Detailed geotechnical mapping must be conducted on the area identified for splitting to record the strike, dip of foliation, joints etc. Visible cracks and material defects such as black patches, moles, quartz veins etc. shall be recorded.  The theoretical volume and volume estimated by projections of joints, visible material defects etc., should be compared for varying bench geometry. 

· Block dimensions

· Block preparation

	Free faces 

Drilling
	Hole diameter

Hole spacing

Hole depth

Angle of drilling

	Blasting
	Selection of explosive

Charge calculations

Initiation system & sequence


PERFORMANCE EVALUATION OF VARIOUS CUTTING TECHNOLOGIES

The ultimate objective of any stone operator is to produce good quality blocks at optimum cost with maximum recovery. In order to achieve the above objective it is very important to choose a suitable technique of extraction as it has a high bearing on the desired results. Unfortunately, in India, not many operators are exposed to scientific way of quarrying though they have awareness of widely used quarrying techniques. The performances of various available techniques were examined in terms of productivity, suitability, damage potential, limitation, environmental impacts, etc (Table 1). 

This data would be useful for selecting a particular cutting technology or a combination of technologies for a given condition.

Table 1 Performance evaluation of various cutting technologies (Rajan etal 6)

	ITEM
	CUTTING TECHNOLOGY



	
	Flame jet
	Drilling & Blasting
	Diamond wire
	Slot drilling
	Feather & Wedges
	Chemicals
	Water jet
	Hydraulic splitting

	Productivity

(m3/hr)
	1
	6-10
	2-5
	1-2.5
	1-2
	2-4
	1-2
	1-2

	Costs
	high
	Least
	Moderate
	moderate
	moderate
	moderate
	Very high
	moderate

	Damage (m)
	0.15-0.30
	0.05 – 0.5
	insignificant
	insignificant
	0.05 – 0.1
	0.05 – 0.1
	insignificant
	0.05 – 0.1

	Cutting

thickness (mm)
	100 – 150
	30 - 50
	10 – 12
	50 - 60
	30 - 50
	30 - 50
	3 - 10
	30 – 50

	Wastage
	high
	moderate
	Negligible
	negligible
	reasonable
	reasonable
	negligible
	reasonable

	Shape of blocks
	uneven
	uneven
	Uniform
	uneven
	mostly uniform
	irregular
	uniform
	mostly uniform

	Environmental impacts
	Very high
	high
	Negligible
	minimum
	minimum
	minimum
	negligible
	minimum

	Limitation
	Maximum depth of cut 6 m
	Maximum depth of

cut 7 m
	High cutting cost for low bench method & inferior quality blocks
	Maximum depth of 

cut 4 m
	Maximum depth of cut 2 m
	Effective up to 3 m vertical cut
	High initial and operating costs
	Effective up to 3 m vertical cut

	Suitability
	Quartz bearing rocks
	All type of rock
	All type of rock
	All type of rock
	All type of rock
	All type of rock
	All type of rock
	All type of rock


In continuation of the above table, an attempt has been made to summarize the applicability of various cutting technologies for different nature of quarry such as Slope Quarry, Hill quarry and Plain quarry.  Table 2, lists the suggested suitability of various cutting technologies for different types of quarry, various natures of deposit and geometry of cutting. Table 2 can be used as a guide by a new entrepreneur or an operating quarry owner for selection of an appropriate technology for cutting.  

Table 2 Applicability chart for granite quarrying with various cutting techniques (Rajan etal 6)

	Type of quarry
	Nature of deposit
	Geometry of cutting
	CUTTING TECHNOLOGIES

	
	
	
	FJ
	D & B
	DW
	SD
	F& W
	CS
	WJ
	HS

	SLOPE


	Massive
	High bench
Free face
	(
	(
	(
	(
	(
	(
	(
	(

	
	
	Primary cut Vertical
	(
	(
	(
	(
	(
	(
	(
	(

	
	
	Primary cut Horizontal
	(
	(
	(
	(
	(
	(
	(
	(

	
	
	Secondary cut
	(
	(
	(
	(
	(
	(
	(
	(

	
	
	Shaping & squaring
	(
	(
	(
	(
	(
	(
	(
	(

	
	Jointed
	Low bench

Free face
	(
	(
	(
	(
	(
	(
	(
	(

	
	
	Vertical cut
	(
	(
	(
	(
	(
	(
	(
	(

	
	
	Horizontal cut
	(
	(
	(
	(
	(
	(
	(
	(

	
	
	Secondary cut
	(
	(
	(
	(
	(
	(
	(
	(

	
	
	Shaping & squaring
	(
	(
	(
	(
	(
	(
	(
	(

	
	Boulders
	Vertical cut
	(
	(
	(
	(
	(
	(
	(
	(

	
	
	Horizontal cut
	(
	(
	(
	(
	(
	(
	(
	(

	
	
	Secondary cut
	(
	(
	(
	(
	(
	(
	(
	(

	
	
	Shaping & squaring
	(
	(
	(
	(
	(
	(
	(
	(

	HILL
	Massive
	High bench
Free face
	(
	(
	(
	(
	(
	(
	(
	(

	
	
	Primary cut Vertical
	(
	(
	(
	
	(
	(
	(
	(

	
	
	Prmary cut Horizontal
	(
	(
	(
	(
	(
	(
	(
	(

	
	
	Secondary cut
	(
	(
	(
	(
	(
	(
	(
	(

	
	
	Shaping & squaring
	(
	(
	(
	(
	(
	(
	(
	(

	
	Jointed
	Low bench

Free face
	(
	(
	(
	(
	(
	(
	(
	(

	
	
	Vertical cut
	(
	(
	(
	(
	(
	(
	(
	(

	
	
	Horizontal cut
	(
	(
	(
	(
	(
	(
	(
	(

	
	
	Secondary cut
	(
	(
	(
	(
	(
	(
	(
	(

	
	
	Shaping & squaring
	(
	(
	(
	(
	(
	(
	(
	(

	
	Boulders
	Vertical cut
	(
	(
	(
	(
	(
	(
	(
	(

	
	
	Horizontal cut
	(
	(
	(
	(
	(
	(
	(
	(

	
	
	Secondary cut
	(
	(
	(
	(
	(
	(
	(
	(

	
	
	Shaping & squaring
	(
	(
	(
	(
	(
	(
	(
	(

	PLAIN
	Massive
	High bench
Free face
	(
	(
	(
	(
	(
	(
	(
	(

	
	
	Primary cut Vertical
	(
	(
	(
	(
	(
	(
	(
	(

	
	
	Primary cut Horizontal
	(
	(
	(
	(
	(
	(
	(
	(

	
	
	Secondary cut
	(
	(
	(
	(
	(
	(
	(
	(

	
	
	Shaping & squaring
	(
	(
	(
	(
	(
	(
	(
	(

	
	Jointed
	Low bench

Vertical cut
	(
	(
	(
	(
	(
	(
	(
	(

	
	
	Horizontal cut
	(
	(
	(
	(
	(
	(
	(
	(

	
	
	Secondary cut
	(
	(
	(
	(
	(
	(
	(
	(

	
	
	Shaping & squaring
	(
	(
	(
	(
	(
	(
	(
	(

	
	Boulders
	Vertical cut
	(
	(
	(
	(
	(
	(
	(
	(

	
	
	Horizontal cut
	(
	(
	(
	(
	(
	(
	(
	(

	
	
	Secondary cut
	(
	(
	(
	(
	(
	(
	(
	(

	
	
	Shaping & squaring
	(
	(
	(
	(
	(
	(
	(
	(


(
= Compatible’

(
= Not compatible

FJ  = Flame Jet
  D&B  =  Drilling & Blasting
DW  =  Diamond Wire           SD  =  Slot Drilling F&W  = Feather & Wedges    CS  =  Chemicals
WJ  =  Water Jet
  HS =  Hydraulic Splitting

RISK ASSOCIATED WITH VARIOUS QUARRY ACTIVITIES

Considering the critical parameters, performance evaluation of available extraction technologies and applicability of different techniques for various nature of deposit, the most important activities of the quarry were derived. The various activities are listed in Table 3 and ratings are given on a scale of 0 – 10 in the increasing order of influence from lowest to highest. The ratings are based on qualitative assessment and were arrived at after carefully studying their influence in several quarries.  The ratings suggested would be useful for the entrepreneurs in meticulous planning & scheduling of various quarrying activities. Thus, the risk of wrong investments can be minimised to a great extent. 

Table 3 Degree of influence of various activities on granite exploitation

	Parameters
	Application
	Rating

	Topographic survey
	Location of the quarry
	5

	Geological investigation
	Assessment of rock quality and quantity with respect to commercial viability
	10

	Geotechnical investigation
	Estimation of recovery of saleable blocks in terms of volume, shape and size
	8

	Quarry lay out
	Design of approach roads, block geometry, etc
	7

	Quarrying techniques
	Selection of suitable exploitation technique(s)
	6

	Quarrying machinery
	Selection of suitable machinery for various activities of exploitation
	9

	Production plan
	Design of number of benches, production faces, etc
	5

	Quarrying plan
	Development/expansion schedules,  
	4

	Environmental plan
	Pollution control, waste management, etc
	5

	Economic analysis
	Loss/profit assessment, 
	10


CONCLUSIONS

The dimensional stone industry of the country is one of the major sources of foreign exchange earnings. The industry is passing through a transition period of technological advancements that requires quick readjustments in the system to meet the needs of the global market. The process of orientation towards new quarrying standards incorporating high quality stone products and enhanced production has caused a great deal of confusion. The existing quarry operators are experimenting with their skill and knowledge and new entrepreneurs are venturing with great ambition and vigor. Howsoever, these activities have insignificant importance to scientific quarrying leading to high risk on their investment. 

In this paper the risk elements related to successful quarrying has been discussed and some suggestions made for scientific exploitation. The critical parameters, which prevails on the decision for opting of a quarry for extraction are identified and explained. The performances of various available techniques have been assessed with respect to crucial parameters of production. The applicability of suitable techniques for various types of deposit has been suggested. Finally, the critical activities of the quarrying system have been identified and are rated on the risk factor associated with them. The ratings are based on qualitative assessment and were arrived at after carefully studying their influence in several quarries.  The ratings suggested would be useful for the entrepreneurs in meticulous planning & scheduling of various quarrying activities. Thus the risk of wrong investments can be minimised to a great extent. 
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