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  The mining industry is concerned with the extraction of valued minerals from the earth. In any mining developmentdrilling 

and blasting are the main basic processes that are a part of acombined system and effect the results of next operations in 

production and expenses. The main objective of fragmentation with explosives is to manage the operation as low cost as possible 

and at the identical time keep the technical details in accordance with the protection conditions. This process is attained by 

taking of optimization process. In the present study we tried to identify the optimization of blast design by by means of blasting 

parameters. This is simple to use because it can compare explosive performance by changing parameters like burden,holewidth, 

sum of holes alsoquantity of explosives, and therefore make conclusion to settle down on the proper usage of explosives. This 

proessabsolutelyprovideliberation to mine workers and blastingstaff to knowfor improvedproductionon a lower cost of mining. 

Sincecurrentopenpits require hugeamounts of explosives during the mine's life, cost of blasting operation can be significantly 

reduced by reducing the quantity of explosives. 
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1. INTRODUCTION 

 The mining industry plays an important role of 

economy of that county. In mining the important point is 

to accomplish the removal of minerals keeping in 

understand the ecological, monetaryand also rent 

limitations. By the increase of human progress, the vital 

of various minerals hasexpanded complex theaccomplish 

this need. 

 In mining industry, the mineral resource mined by 

both opencast and underground mining. In both cases 

the removal is done by loosening the mineral through 

mainly accomplish the processes of DRILLING and 

BLASTING.The opencast working plays a vital 

rolebecauseof the improved output, regaining and 

protectionin the mining operation. excavation comprises 

the removal of leftover rock and subsequent extraction of 

mineral. If the deposits are underlying hard and waste 

rock called overburden, the removal of the overburden is 

very significant before mineral excavation can takes 

place. Thus, the drilling and blasting is that the important 

ground preparation job for hard minerals. 

 The topic is OPTIMIZATION OF BLASTING 

OPERATION. this subject mainly works on the study 

and assessment of optimal blast and blasting parameters. 

In mining industry excavation, the DRILLING AND 

BLASTING is that the key unit operation. The 
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BLASTING may be a vital procedure which effects 

directly on loading, transportation and crushing 

andstage. 

Present days, there are numeroussuccesses conducted in 

research of blasting theory and blasting parameters in 

mining industry, particularly of blasting parameters for 

enhance the rock fragmentation and reducing blasting 

cost. the higher results of rock fragmentation are 

obtained by the method of OPTIMUM BLAST. The 

blasting effectiveness is enhancedover the reducing of 

consumption of explosive energy in blasting, less throw 

of blasted material and reducing of blast vibration 

leading to higher degrees of safety and stability to the 

nearby structures. 

 Optimization defined asmakingsimplest toattain 

maximum or minimum charge of the functioninglimits. 

Optimization of blast is dependent on number of 

complicatedfactors related with the rock, explosive, 

initiation, drill-hole parameters and their layout. this 

process could be a step in the way of evolving an 

acceptable blast model, with simple practices that might 

be adapted by the mine 

2. REALATED WORK 

2.1 Methodology 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: - Flowchart Showing the Optimization process 

 Many reasearches have developed the different 

blasting designs for better optimizationprocess: - 

Biran [1], detectedthose numerous empirical formulas 

are used over 200 years for selection of appropriate 

charge size and otherconstraints for decent 

fragmentation. 

Sethi and Dey [2],considered the blast designs in Indian 

mines that originate are most of the designs are created 

unproven and error to an oversized extent. They stated 

out that by means of computerized blast designing 

method, the drawbacks of the earlier used ones are often 

disregarded. 

Bhandari [3],created a blast information management 

system (BIMS) in which all mining data is evaluated, 

assessed, documented, and controlled. 

Pradhan[4],The blasting process in Indian mines was 

investigated, and it was discovered that parameters vary 

accordance with the needs. There are advanced 

explosives available, and using electronic delay 

detonators with precise delays results in a low-cost 

explosion.  

Thote and Singh [5],It was discovered that rock strength, 

which reduces fragmentation, as well as blastability, 

porosity, and geological disturbances, all have an impact 

on the blasting results of fragmentation. 

Pal and Ghosh [6],They researched the optimization 

ofblasting patterns for opencast projects in order to 

control groundvibration, noise, or air overpressure, and 

they recommended a blast design for proper balance 

between environmental features and productivity 

standards. 

Adhikari and Venkatesh[7],Proposed boring and 

blasting costs can account for up to 25% of total 

production costs, according to the proposal. As a result, 

the blast strategy and execution must be considered. 

 

Collection ofblast design 

parameters from the 

mine blasting 

Determination of powder 

factor, Tonnage, Quantity 

of explosive representing 

rockmass properties 

Modifying the traditional 

blastdesign parameters using 

the empirical formulas to get 

the desired results 

Performing several blasting 

operations using traditional 

and modified parameters 

usng different cases 

Finallyproposing 

theoptimized blast design 

forthe proposed mine 
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3. PROPOSED WORK 

3.1 ANALYSIS OF OPTIMIZATION TECHNIQUES 

The optimization of mining process can be accomplished 

in a variety of means. They are: 

 Optimization of drilling efficiency 

 Optimization of explosive and blast 

Drilling efficiency was improved by gradually increasing 

the drilling parameters from the main constraint for 

various mine benches. The optimal drilling parameters 

are obtained by systematically learning the rock 

properties and analysing the type of explosives for 

various benches. So, with the help of a computer-assisted 

method or module, 'SABREX' was beneficial. 

 

So, it's concluded that the computer-aided drilling is 

extremely useful in achieving high-production goals by 

increasing drilling efficiency, saving on drilling rate; 

saving time of drilling cycle and reducing the price of 

drilling 

 

3.2 Optimization of explosive and blast: 

We identify that the value of drilling and blasting would 

be a significant portion of the overall operating cost, i.e., 

the blasting explosive cost could range from 4 to 12 

percent of total operating cost. As a result, the following 

characteristics will be used to assess this value. They are 

as follows: - 

 Optimal usage of detonating fuse. 

 Saving explosives by means ofbottle decks. 

 Terminatesecondary blasting by getting of 

correct fragmentation size 

 Idealusage of booster cartridges and 

cast-boosters. 

In this paper, we propose optimization process by 

taking the blasting parameters in different cases and 

comparing the all the case and finally recommending the 

best optimized blast design with the desired productivity 

 

The optimum process is attained by using of 

somevarious important blasting parameters and taking 

somemathematical formulas. These formulas are related 

toblasting variables in the designing of the optimized 

blast design. 

 

3.3Selection of some important parameters for 

optimized blast model: 

The parameters are: 

 
Figure 2:-Parameters of blasting bench 

 

(a) Powder factor:- 

The powder factor is the ratio of  amounts of explosive 

required to break a unit measure of rock for detonation. It 

is usually expressed as the Tons per Kg. 

 

(b) Cost of explosive: -  

The cost of explosive is seemingly a really significant 

selection criterion. It depends upon the kind of the 

explosive and strength of the explosive. Therefore, from 

an economic standpoint, the simplest explosive isn't 

always the smallest amount expensive, achieving very 

cheap blast costs. 

 

(c) Number of holes: -  

The no of holes shall be influenced by the production of 

blast and essential demand. If the demand is morethen 

the holes also will be required more.  

 

(d) Bench height:  

Bench geometry is one amongst the first factors that 

control blast design. In general, bench height, H, is 

comparatively stable for many multi-level pits, and its 

value corresponds to the working details of the loading 

equipment 

 

(e) Burden and spacing:  

This is one in all the foremost critical parameters within 

the design of blasts. the space between the crest of the 

bench and first row of holes is named as burden and 
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therefore the distance between the 2 holes within the 

same row called spacing. 

 

(f) Length of the hole:  

The length of the hole is comprising of height of the 

bench and sub grade drilling. the hole length in respect to 

the rock burden and bench height. 

Hole length = Bench height + sub grade drilling 

            Hole length = 2.1 to 2.25 * Burden. 

 

3.4 Data Collection: - 

The following data were collected from different mines 

with for the application of the optimization procedure. 

The mines are LakshmiPuramandVishnupuram 

limestone opencast mine. 

 

Here the following table describes the 4 cases of data 

collected from field varying the parameter,Burden. 

 

Table:1Using ANFO EXPLOSIVE WITH 3m Burden 

 

Sl. 

No 
Parameter Specifications 

1 Reserve length 2.6Kms 

2 Mineral Name Limestone 

3 Production/month 110tons 

4 Bench Height 8mts 

5 Bench width 50mts 

6 Bench Length 300mts 

7 Hole Dia 115mm 

8 Burden 3m 

9 Spacing 5m 

10 No of rows blasted at one time 2Nos 

11 Type of explosive used 
ANFO with 

booster nonel 

12 Sp. gravity of explosive 2.5te/m 

13 No of holes 22 

14 Cost of booster per kg 45.5 

15 
Cost of explosive per kg (Prime 

Charge) 

43.6 

 

16 
Powder factor 

(Tonnage/Mineral) 
7.2 te/kg 

17 

 
Stemming Height 2.8m 

18 

 
Delay Used 

25ms 

 

19 

 
Total ANFO cost 34,531 

20 Tonnage Of Mineral 6600 tons 

21 Total booster cost 5551 

22 Drilling cost per tonne 5 Rs/ton 

23 

Total cost per tonne 

(Including drilling&labour 

cost) 

12.7 Rs/ton 

 

 

Table2: - Using ANFO EXPLOSIVE with 3.5 Burden 

Sl. 

N

o 

Parameter 
Specification

s 

1 Reserve length 2.6Kms 

2 Mineral Name Limestone 

3 Production/month 110tons 

4 Bench Height 8mts 

5 Bench width 50mts 

6 Bench Length 300mts 

7 Hole Dia 115mm 

8 Burden 3.5m 

9 Spacing 5m 

10 No of rows blasted at one time 2Nos 

11 Type of explosive used ANFO 

12 Sp. gravity of explosive 2.5te/m 

14 Tonnage Of Mineral 7700 tons 

13 No of holes 22 

14 Cost of booster per kg 45.5 

15 Cost of explosive per kg (Prime 

Charge) 

43.6 

 

16 Powderfactor(Tonnage/Mineral

) 
7.2 te/kg 

17 

 
Stemming Height 2.8m 

18 Delay Used 25ms 
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19 Total ANFO cost 34,531 

20 Total booster cost 5,551 

21 Drilling cost per tonne 5 Rs/Ton 

22 Total cost per tonne (Including 

drilling&labour cost) 

10.9 Rs/Ton 

 

Table 3: -Using Bottle Decks in the coloum charge with 

3m Burden 

Sl. 

No 
Parameter Specifications 

1 Reserve length 2.6Kms 

2 Mineral Name Limestone 

3 Production/month 110tons 

4 Bench Height 8mts 

5 
Bench width 50mts 

6 Bench Length 300mts 

7 Hole Dia 115mm 

8 Burden 3m 

9 Spacing 5m 

10 No of rows blasted at one 

time 
2Nos 

11 
Type of explosive used ANFO 

12 Sp. gravity of explosive 2.5te/m 

14 Tonnage Of Mineral 7700 tons 

13 No of holes 22 

14 Cost of booster per kg 45.5 

15 Cost of explosive per kg 

(Prime Charge) 

43.6 

 

16 Powderfactor 

(Tonnage/Mineral) 
8.0te/kg 

17 

 
Stemming Height 2.8m 

18 Delay Used 25ms 

19 Total ANFO cost 30,214 

20 Total booster cost 5,551 

21 Drilling cost per tonne 5 Rs/Ton 

22 Total cost per tonne 

(Including drilling&labour 

cost) 

12.0 Rs/Ton 

 

 

Table 4: -Using Bottle Decks in the coloum charge with 

3.5m Burden 

Sl. No Parameter Specifications 

1 Reserve length 2.6Kms 

2 Mineral Name Limestone 

3 Production/month 110tons 

4 Bench Height 8mts 

5 Bench width 50mts 

6 Bench Length 300mts 

7 Hole Dia 115mm 

8 Burden 3.5m 

9 Spacing 5mS 

10 No of rows blasted at one 

time 
2Nos 

11 Type of explosive used ANFO 

12 Sp. gravity of explosive 2.5te/m 

14 Tonnage Of Mineral 7700 tons 

13 No of holes 22 

14 Cost of booster per kg 45.5 

15 Cost of explosive per kg 

(Prime Charge) 

43.6 

 

16 Powderfactor 

(Tonnage/Mineral) 
9.4te/kg 

17 

 
Stemming Height 2.8m 

18 Delay Used 25ms 

19 Total ANFO cost 30,214 

20 Total booster cost 5,551 

21 Drilling cost per tonne 5 Rs/Ton 

22 Total cost per tonne 

(Including drilling&labour 

cost) 

10.3 Rs/Ton 

 

Calculation of data: - When using the 

ANFOEXPLOSIVE 

Amount of ANFO for 1m =𝜋𝑟2h =3.14*0.55^2*1 

                     = 0.0094m3 

Sp. Gravity of ANFO=0.8 tons/m3 
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Amount of explosive required for 1m= 0.0094*0.8 

t/m3 

 =0.00752tons or 7.5kg/m 

Total ANFO required for 4.8m = 36kg 

 Booster Required                     =5.56kg 

Total     =41.56kg 

 

Total amount of ANFO for 22 holes = 792kg 

Total amount of booster for 22 holes = 122kg 

Total amount =914kgs of explosive for total blast 

 

Tonnage for 22 holes = spacing*burden*depth of 

hole*no of holes*sp. gravity 

             = 5*3*8*22*2.5 

   =6,600Tons when 3m burden, 

7,700Tons when 3.5m burden, 

   8,800Tons when 4m burden, 

9,900Tons when 4.5m burden, 

11,000Tons when 5m burden. 

 

Powder factor = Total tonnage obtained /Explosive 

required 

             =6600/914 

   P. F=7.2 tons/kg when 3m burden, 

   8.5 tons/kg when 3.5m burden, 

   9.6 tons/kg when 4m burden, 

   10.8 tons/kg when 4.5m burden, 

   12 tons/kg when 5m burden. 

Nonels requirement:  

- 25ms=21No’s 

 42ms=1No 

 ED   =1No 

COST: - 

ANFO cost = 43.6 Rs/kg 

Booster cost=45.5 Rs/kg 

Nonel cost =13.9 Rs/m = 13.9*14=194.6 Rs/14m 

(Nonel length=14Mts) 

 

Final Calculation of cost: - 

Total ANFO =43.6*792 =Rs.34,531 

Total booster = 45.5*122=Rs.5,551 

Total Nonel =22*194.6 =Rs.4,281 

ED 1No =Rs 6 

Drilling cost per ton = 5Rs/ton=Rs33,000(for 6600 

tons) 

Staff wages per ton = 1Rs/ton = Rs 6,600 

 

Total cost per ton (Including drilling and staff cost) 

=Rs 83,963/6600                                                            

=12.7Rs/ton (when using 3m burden) similarly, 

=9.54 Rs/ton (when 4m burden is used), 

=8.4 Rs/ton (when 4.5m burden is used), 

=7.6 Rs/ton (when 5m burden is used). 

 

Calculation of data: - When using the BOTTLE 

DECKS IN THE COLUMN CHARGE 

Amount of ANFO required = 4.2m*7.5m 

  =31.5Kg (for 4.2m hole) 

 =31.5*22 holes =693 kg 

Booster for 22 holes= 122 kg 

Total       =815kg of explosive for total blast 

 

Powder factor: - Total tonnage obtained /Explosive 

required 

P. F=7.2 tons/kg when 3m burden, 

   8.5 tons/kg when 3.5m burden, 

   9.7 tons/kg when 4m burden, 

   10.9 tons/kg when 4.5m burden, 

   12.1 tons/kg when 5m burden, 

  

COST: - 

ANFO cost = 43.6 Rs/kg 

Booster cost=45.5 Rs/kg 

Nonel cost =13.9 Rs/m = 13.9*14=194.6 Rs/14m 

(Nonel length=14Mts) 

ED = 1No 

Final Calculation of cost: - 

Total ANFO =43.6*693 =Rs.30,214 

Total booster = 45.5*122=Rs.5,551 

Total Nonel =22*194.6 =Rs.4,281 

ED 1No =Rs 6 

Drilling cost per ton = 5Rs/ton=Rs33,000(for 6600 

tons) 

Staff wages per ton = 1Rs/ton = Rs 6,600 

 

Total cost per ton (Including drilling and staff cost) 

=Rs 79,652/6600                                                             

=12 Rs/ton (when using 3m burden) similarly, 

=10.3 Rs/ton (when 3.5m burden is used), 

=9.0 Rs/ton (when 4m burden is used), 

=8.0 Rs/ton (when 4.5m burden is used). 

=7.2 Rs/ton (when 5m burden is used). 
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4. RESULTS 

In this section, the design parameters of the 

proposed are compared with different cases and 

finally if ANFO explosive is used for blasting the 

case i.e. with burden 5m total cost per ton is Rs7.6 is 

considered as optimized blast design parameters 

which increases the productivity with least cost and 

in the another caseby using the bottle decks which is 

mostly used during when therocks present at the 

mine is alternative soft and hard rocks andusing this 

method can reduce the quantity of explosive 

requiredin the blast hole and in this method of 

blasting the case i.e. withburden 5m the total cost per 

ton is Rs7.2 is considered as optimized blastdesign 

for the proposed opencast mining. 

 
Figure 3: - Price for Total explosive cost Per Tonne 

Figure 4: - Showing the free face after blasting in field 

5. CONCLUSION 

The productivity of drilling and blasting operations are 

frequently determined in various perspectives, but the 

"bottom line" is that they must contribute to the most 

effective possible overall financial results for the complete 

mining operation. 

 In the current work, an optimised blast design is 

created using a simple method that the mining industry 

can use to reduce explosive costs and achieve better 

explosive results. The model considers the common 

explosives used by the opencast mine and is determined 

by rock properties, density, and other related parameters. 

 Inproposed blasing design the parameters like bore 

hole thickness, sum of holes and price of explosives, and 

consequently makechoice to settle on the proper variety 

of explosives. It may be noted here that this model was 

created addicted to appropriate investigations of various 

mines of limestone ore and might be modified with data 

collection from an oversized different mine. 

 This strategy will undoubtedly benefit mine workers 

and blasting personnel by allowing them to produce a 

higher-quality product at a lower mining cost. Because 

modern mines demand large amounts of explosives 

entire mine's life, lowering the value of explosives 

reduces the value of the blasting procedure significantly. 

  

Conflict of interest statement 

Authors declare that they do not have any conflict of 

interest. 

 

REFERENCES 

[1] Biran, K.K, “Advances in drilling and blasting technology”, The 

Indian Mining &Engineering Journal, July, pp.20-29, 1994. 

[2] Sethi, N.N. and Dey, N.C.“Anartificial study on blast design 

operation in opencast iron ore mine”, The Indian Mining & 

Engineering Journal, January, pp.17-23, 2004. 

[3] Bhandari, S.K, “Valuation of blast results and Computer aided 

blast design”, Engineering rock blasting operations hand book, 

page no 154 - 166 & 277 – 279, 2004. 

[4] Pradhan, G.K, “Surface mine drilling and blasting: the Indian 

scenario”, The Indian Mining & Engineering Journal, December, 

pp.23-28,2002. 

[5]  N.R. Thote and D.P. Singh,"Necessity of blast fragmentation 

assessment and connection of rock properties with blasting 

performances-a practical method," The Indian Mining & 

Metallurgical Journal, September, pp.19-23,1997. 

[6] U.K. Pal and N. Ghosh,"Optimization of blast design parameters at 

SonepurBazari opencast project," The Indian Mining & 

Engineering Journal, September, pp.36-41, 2002. 

[7] Adhikari, G.R. and Venkatesh, H.S, “A method for improving a 

blast design for surface mines”, The Indian Mining & Engineering 

Journal, February, pp.25-28, 1995. 

12.7
12

10.9
10.3

9.54
9

8.4 87.6 7.2

0

2

4

6

8

10

12

14

ANFO EXPLOSIVE BOTTLE DECKS

Burden 3m Burden 3.5m Burden 4m

Burden 4.5m Burden 5m


