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INTRODUCTION

In the past few years advances in blasting technology have significantly reduced the variability in blasting operations. There are many practical methods to reduce variability in blasting operations including highly accurate electronic detonators to control the timing of blasts, more precise drills to control the geometric layout of blast, and variable property bulk loaded explosives to control blast properties. In addition, there is a growing knowledge in the industry that blasts must be properly laid out and prior blasts cleaned up. The use of accurate GPS equipment to control blast geometry is a quantum leap forward. In addition drill borehole accuracy now can be accurately monitored as well as face angles.

Fragmentation analysis of final blast results and elaborate blast databases allow the adjustment of future blasts to produce accurate size and productivity results.

This paper presents a method of determining the variability of mining results from blasting and a method to determine the major causes of blasting related variability in the mining process. Mining results could be blasted product size, productivity, cost, vibration or air blast or a combination of all. The authors will introduce concepts to reduce variability.

· Principal component analysis or regression analysis to determine                                             important factors in variability

· The regression of important factors that determine the standard deviation and mean of the critical variables

· Inclusion of the “Z Table” to estimate percentage in specification, and

· The use of the Excel solver program to formulate a linear programming constrained analysis of the variability to find the best solution.

An example will be illustrated using a simple one variable (powder factor) model to maximize the percentage of blasted rock within established dimensions. The model is developed from fragmentation distribution information related to powder factor from the Lafarge Ravena, NY Quarry.

THE PROBLEM

Blasting is normally a separate process from other mining processes such as crushing, milling, and final mineral processing. An outside contractor normally supplies explosives and integration of blasting into the mining process is difficult at best. The relationships are further distorted by variations in geologic conditions.

Never the less, the improvements in blasting variability and results as detailed in the introduction have made the blasting process much more reproducible. This paper introduces an algorithm to better control and maximize the amount of aggregate within a given size range.

THE DATA

Blast reports and blasting databases can be used to determine the factors affecting blast results. A typical blast report and portions of a blasting database are shown below. 

[image: image2.emf]Quarry Blast Date QBench Blast # Tons Hole Diameter BXS holes

Ravena Aug 25, 2009

Ravena: CM 

Main Pit

33-CM-10-

2009 72505.26 6.5 18X20 34

Ravena Aug 04, 2009

Ravena: CM 

Main Pit

31-CM-09-

2009 65869.32 6.5 16X19 37

Ravena Jul 21, 2009

Ravena: CM 

Main Pit

29-CM-08-

2000 103098.9 6.5 16X19 58

Ravena Jun 25, 2009

Ravena: CM 

Main Pit

26-CM-07-

2009 68026.3 6.5 17X19 34

Ravena May 20, 2009

Ravena: CM 

Main Pit

19-CM-06-

2009 88834.09 6.5 17X19 45

Ravena Apr 09, 2009

Ravena : CM 

West

15CM 06-

2009 97318 6.5 17X19 48

Ravena Apr 02, 2009

Ravena: CM 

Main Pit 13-09 99345.98 6.5 17X19 49

Ravena Mar 25, 2009

Ravena: CM 

Main Pit 11-09 70001.28 6.5 17X19 41

Ravena Feb 26, 2009

Ravena: CM 

Main Pit 07-09 62427.36 6.5 17X19 38

Ravena Feb 11, 2009

Ravena: CM 

Main Pit 04-09 64265.34 6.5 17X19 33
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In addition, video analysis of the broken rock mass can quantify the degree of fragmentation and specifically the mean size and standard deviation of the blasting size results from a blast.

[image: image4.emf]0

0.02

0.04

0.06

0.08

0.1

0.12

0.14

-10 0 10 20 30

SIZE - INCHES

1.6 tons/lb

UPPER LIMIT

LOWER LIMIT

2.1 ton/lb


THE SOLUTION

Once enough data is accumulated from blasts and size distribution analysis, the relationship between blasting parameters and the mean and standard deviation of the size distribution can be determined. In this simple example, only powder factor (tons of rock per lb of explosive) is used as a determining variable. Other variables such as pattern area can be included in the model also. Principal component analysis or multivariable curvilinear regression can be used to determine the significant variables.

 The relationships between powder factor and mean size and size standard deviation are shown below. 
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The relationships from the charts can be expressed as equations:


Mean Size = -2.5093 + 4.8795 x Powder Factor


Standard Deviation = -10.714 +8.7486 x Powder Factor

In addition, the data from a standard Z distribution (The “Z value” is the distance between a value and the mean in terms of standard deviations) can be put in the form of an equation and used to determine the percentage of rock lying within the upper and lower bounds determined by the standard deviation and mean. The Z distribution and resulting equation is shown below:
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The above equations can be put into an interactive spreadsheet as shown below. The Excel Solver from the tools menu is activated and the amount of rock between the upper and lower limit is maximized based upon changes in powder factor and subsequent changes in mean and standard deviation. 
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The results were non intuitive but upon reflection since both mean and standard deviation increased with increasing powder factor it makes sense. The graph below shows the change in distribution as the powder factor is increased or lowered. The optimum powder factor is 1.6 tons/lb and has 76.1% of the produced aggregate within the upper and lower limits. For reference, the 2.1 tons/lb has a 39.1% of aggregate within the acceptable range.
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THE FUTURE

The simple model above can be expanded with other blasting variables. In addition, the techniques can be used to maximize productivity, minimize cost and to understand the variability in air blast and vibration.
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