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A STATISTICAL APPROACH TO INTEGRATING BLASTING INTO THE MINING PROCESS
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ABSTRACT

Blasting and mining science and technologies have advanced significantly the past 25 years through the addition of more quantitative methods in each separate field. Both fields have made tremendous strides in first principle simulation and control. Because of the unique nature of the blasting process, equally unique mining processes, and time inconsistencies between the results of each, the processes have not been fully integrated. Both processes are statistical in nature and results are site-specific making integration of the separate modeling processes difficult at best. In addition, the blasting and mining variables are interrelated and affect each other significantly with complex interactions.

The expansion and use of extensive blasting and production databases has been the first step in the integration. A statistical description and evaluation of significant blasting variables effecting the mining process is furthering the integration of the two processes while first principle modeling and development is proceeding. Future work will take the statistical processes in combination with blasting and mining modeling to create real time optimization methods.

INTRODUCTION

The science of blasting and mining practices have advanced significantly through the addition of more quantitative methods including:

· Blast simulations and modeling

· Mine processing simulations and modeling

· Mine equipment logistical simulations

· Extensive blasting and mining production databases

· Digital evaluation of blast results and fragmentation size analysis 

· Improved precision in timing blasts with electronic detonators

· Use of GPS and GIS technology

· Laser profiling of benches and rock formations

· Computerized crusher control systems

· More precise drilling methods

· Explosives properties selection and effectiveness with bulk explosives
· 2D and 3D rock mass and geochemical modeling
Complete modeling and simulation of the vibration and air blast results of blasting is now accomplished statistically from blasting database information. Nevertheless, because of the unique nature of the blasting process and the equally unique mining processes, blasting and mining processes have not been fully integrated as with other physical systems. A blast is a single event and the results thereof affect the mining process. A major problem in modeling is that most mines have several blasts on the ground in various locations with varying geologies and results can be different when processed at different times. 

Both the blasting and mining processes are extremely statistical in nature. Blasting is accomplished with varying conditions related to geology, structure, weather, safety, and environmental concerns. The mining process is variable with differing equipment platform capabilities and characteristics, the same geological conditions, and seasonal constraints such as production demands and hours of work. Both blasting and mining processes are traditionally hard demanding physical occupations working in the outside elements with time constraints, intrinsic safety hazards, equipment problems, and strong regulatory constraints on neighbor relations, health, safety, and control of blasting materials. In addition, all mine setups are site specific and control of the integrated process is easily lost in these conditions. The blasting and mining variables are interrelated and affect each other significantly as well. For example, the selection of the number of trucks and loaders in the mining cycle can affect the optimum blasting explosives ratios for maximum throughput. Below is a schematic of a simplified site-specific mining arrangement to illustrate the degree of complexity involved.
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This paper attempts to show ongoing progress in integrating the blasting and mining processes. The combination of elaborate blasting and production databases is a first step in the integration along with periodic meetings to review results and set goals for key performance indicators (KPIs). The next step in progress is statistical description and evaluation leading to models of the integrated processes. Future work will take the statistical processes in combination with blasting and mining modeling to create real time optimization methods.

THE BLASTING PROCESS

Blasting is a controlled destruction of the rock mass performed to loosen, size and move rock fragments to specification to begin the mining process. Holes are first drilled to specific geometric constraints to accomplish the process. Because of geologic conditions and safety and environmental concerns, holes are not always located at precise locations and in fact the locations are statistical in nature. Explosives are then loaded into the holes with varying ratios dependent on water conditions and equipment considerations -other statistical variables. The timing of blasts, explosives performance variables, geologic conditions and water are other factors. Finally, the blast is fired and the results are evident in the degree of fragmentation, movement, and preconditioning of the material blasted. All this work is accomplished in harsh conditions with an overlay of regulatory, environmental and safety concerns.

THE MINING PROCESS

Shovels or front-end loaders dig blasted material, load it onto trucks and carry it to the processing facility – a statistically significant multilevel logistical process affected by the degree of fragmentation and other blast results. Digging rates, cycle times, and the amount of truck fill are related to the results of the blast. Next, the blasted rock is crushed to size for further processing or as an end product. Mixing and washing of processed rock is accomplished at various stages in some mining processes. Particle size distribution and the shape of the final rock product are becoming more important. These characteristics and the whole mining process are extremely sensitive to minor changes in explosive parameters. 

SIGNIFICANT BLASTING VARIABLES AFFECTING THE MINING PROCESS

First principle research, simulations and modeling have identified the major blasting variables affecting the mining process. These include blast hole size from initial selection and drill bit wear, pattern of holes (burdens and spacings), powder factor (ton of rock per lb of explosive), degree of confinement of the rock and stemming materials holding the explosives, rock parameters such as jointing, density, strength, timing of hole to hole blasts, type and consistency of explosive (density, bulk, or packaged, velocity of detonation), blast size, etc. The first principle research however does not determine the final results in most site-specific situations in which the variable blasting parameters are not quantitatively related to the results. An example of one blasting variable relationship to crushing productivity is shown below:
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The above relationship is driven from the physical relationship between blasting powder factors and crushing productivity. When powder factor is low (more lbs of explosive per ton of rock), fines are created and the crusher clogs and slows. When powder factor is high (less lbs of explosive per ton of rock), boulders are created, also slowing the crusher. An optimum powder factor is required for maximum crusher throughput.

SIGNIFICANT FACTORS AFFECTING MINING PRODUCTIVITY

Blast location, type and amount of haulage equipment, seasonality, crusher settings and condition, and hours worked are some of the mining parameters affecting productivity along with the blasting parameters. Again the mining operation is a multilevel logistics system with its own attendant problems. 
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STATISTICAL PRODUCTIVITY OPTIMIZATION 

Statistics can be used to create process control inferentials, help visualize relationships and finally relate the effects of the blasting parameters in a measured hierarchical way. Variation and changes to blasting parameters can predict the effects upon productivity and product quality. Statistics can be a useful tool for guiding the blasting process in the right direction during periods when no access to data analysis is available. To refine the conclusions using statistical relationships, it is prudent to confirm first principle judgments in several ways. For example, the use of relationships determined by daily productivity measures can be confirmed by monthly data and also by field observations.

The final product is usually a nonlinear, multivariable equation that can be determined as shown below. The equation contains the primary blasting and mining parameters determining productivity – in this case powder factor, hours worked, and number of trucks. The contribution of each is determined by the equation indicated by the analysis. It is important that the number of independent variables be limited to those most important to not over specify the results.
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Multiple R 0.99903 MONTHLY PIT PRODUCTIVITY - TONS/HOUR

R Square 0.998061

Adjusted R Square0.993212

Standard Error11.77333

Observations 8

ANOVA

df SS MS F Significance F

Regression 5 142661.9 28532.38 205.8446 0.004842

Residual 2 277.2225 138.6112

Total 7 142939.1

CoefficientsStandard Error t Stat P-value Lower 95%Upper 95%Lower 95.0%Upper 95.0%

Intercept

187387.9 11087.84 16.90031 0.003483 139680.7 235095.1 139680.7 235095.1

PF-t/lb

41476.02 1840.215 22.53868 0.001963 33558.21 49393.83 33558.21 49393.83

PF^2-t/lb^2

-10195.7 462.3153 -22.0535 0.00205 -12184.9 -8206.49 -12184.9 -8206.49

Hour

2.645048 0.284727 9.289758 0.01139 1.419964 3.870132 1.419964 3.870132

# Trucks

-95482.2 5277.5 -18.0923 0.003041 -118189 -72774.9 -118189 -72774.9

# Trucks^2

9973.971 554.036 18.00239 0.003071 7590.145 12357.8 7590.145 12357.8


Statistical analysis can be useful in forecasting, evaluation of new explosives, procedures, and also evaluating mining methods. The analysis is also being used to evaluate and control product size and other selective results. 

For a complete study utilizing the statistical techniques illustrated in this paper see “Factors Driving Continuous Blasting Improvement at the Lafarge Ravena Plant” listed in the references below.

REFERENCES

Bremer, D., Ethier, R., and Lilly, D. (2007), Factors Driving Continuous Blasting Improvement at the Lafarge Ravena Plant. International Society of Explosives Engineers – 33rd Annual Conference on Blasting Technique.

Favreau, R.F. and Lilly, D. (1986). The Use of Computer Blast Simulations to Evaluate the Effect of Angled Holes in Cast Blasting. Use of Computers in the Coal Industry, West Virginia University

Kanchibotla, S. (2001). Optimum Blasting? Is it minimum cost per broken rock or maximum value per broken rock?
Lilly, D. (1985). Applications of Computer Blasting Simulations in Vertical Retreat and Open Pit Mining. University of Chile.

Lilly, D. (1988). Blasting and Crusher Productivity.  Pit & Quarry Magazine.

Lilly, D. (1989). Blasting Related Crusher Productivity. Pit & Quarry Magazine.

Lilly, D. (1992). The Powder Factor: More is not Necessarily Better. Pit & Quarry Magazine.

Lilly, D. (1993), Neural Network Simulation: Charting the Future of Blast Process Control. Pit & Quarry Magazine.

Lilly, D.  (2006).  Priming with Multiple Delays with the Same Timing. International Society of Explosives Engineers – 32nd Annual Conference on Explosives and Blasting Technique.

Mirabelli, L. (2000). Mining Automation Program

Rodgers, J., Watson, J., Whitaker, K. (1997, 1998).  The Challenge of Precise Measurement of Precision.

Watson, J. (2000). Developments with Electronic Detonators.










5
June 24-26, 2007
Oxford University, UK


_1225772756.xls
Chart1

		1.41

		1.44

		1.495

		1.53

		1.535

		1.54

		1.57

		1.58



MONTHLY POWDER FACTOR - TONS/LB

LOADS PER HOUR

MONTHLY POWDER FACTOR VERSUS PRODUCTIVITY

R2 = 0.7644

13.75

15.7

15.8

16.8

15.4

15.49

13.9

14.3



Sheet1

		

								1.41		13.75

								1.44		15.7

								1.495		15.8

								1.53		16.8

								1.535		15.4

								1.54		15.49

								1.57		13.9

								1.58		14.3





Sheet1

		



MONTHLY POWDER FACTOR - TONS/LB

LOADS PER HOUR

MONTHLY POWDER FACTOR VERSUS PRODUCTIVITY

R2 = 0.7644



Sheet2

		





Sheet3

		






_1225772932.xls
Chart1

		

		4

		4

		4

		4

		4

		4

		4

		4

		4

		3

		4

		3

		4

		4

		4

		4

		3

		3

		4

		3

		4

		5

		4

		4

		5

		4

		5

		4

		4

		4

		4

		5

		4

		4

		3

		3

		4

		4

		5

		4

		3

		4

		5

		4

		4

		5

		3

		3

		4

		4

		4

		4

		4

		4

		4

		4

		4

		4

		4

		4

		4

		4

		3

		4

		3

		4

		4

		4

		4

		4

		3

		4

		4

		3

		4

		4

		4

		4

		4

		4

		4

		4

		4

		4

		4

		4

		4

		4

		4

		5

		5

		4

		5

		4

		4

		4

		4

		2

		4

		4

		5

		4

		4

		3

		4

		5

		4

		5

		5

		4

		4

		4

		4

		4

		5

		5

		5

		5

		4

		4

		5

		5

		4

		4

		5

		5

		5

		5

		5

		5

		5

		2

		4

		4

		3

		5

		5



NUMBER OF TRUCKS

DAILY PRIMARY PRODUCTIVITY LOADS/HR

NUMBER OF TRUCKS VERSUS PRODUCTIVITY

161

132

157

104

190

150

170

148

177

45

134

80

162

127

105

140

136

136

105

101

145

163

91

149

151

153

137

88

135

147

175

166

160

85

119

128

157

163

135

89

143

139

170

131

113

92

109

154

172

172

166

111

180

185

169

164

157

87

159

168

155

147

179

78

151

162

160

201

192

78

131

143

115

162

160

87

165

202

192

128

129

88

202

181

128

129

182

178

154

154

143

148

154

155

157

139

31

142

139

132

118

41

31

89

166

47

190

210

223

239

199

113

124

184

197

192

146

155

178

113

33

134

188

207

58

174

201

169

93

181

101

166

182

194

209

184



Sheet1

																				CRUSHER		STOCKPILE		AVE				shot								#		hole		hole		face				stem		stem		burden		burden		spacing		spacing		product		lb				holes/delay		ave		max				pf		sd		initiation

		YEAR		MONTH		DAY		PRODUCTION		PRIMARY		% WASTE		NET TONS		RATE(1300)		# TRUCKS		LOADS/HR		LOADS/HR		LOAD SIZE				#		time		location		bench		holes		dia(in)		depth(ft)		height		subdrill		front		other		front		other		front		other				explosive		tons				lb/hole		lb/delay		% anfo		t/lb		factor		system

		6		1		1

		6		1		2

		6		1		3		9703.61		10191		0		10140		960		4		161		0		63

		6		1		4		8767.45		8262		0		8260		1084		4		132		16		62.6

		6		1		5		11185.43		8984		0		8980		870		4		157		4		57.2				1		11:39 AM		southwall white		6		33		6.5		52		47		5		12		10		19		13		12		15				21275		26665		1		644		800		45		1.2533490012		50.38		electronic

		6		1		6		6436.34		6615		0		6620				4		104		0		63.7

		6		1		7		42.74		0

		6		1		8

		6		1		9		9733.71		11708		0		11710		1041		4		190		2		61.6				2		11:27 AM		southwall whiteblue		6		36		6.5		50		47		3		13		10		20		14		12		16				22504		34312		1		625		750		30		1.5247067188		52.03		electronic

		6		1		10		10852.08		9486		0		9490		983		4		150		0		63

		6		1		11		11268.26		10212		0		10210		851		4		170		0		60.1

		6		1		12		12147.32		8824		0		8830		803		4		148		0		59.7

		6		1		13		11759.25		10468		0		10470		873		4		177		0		59.2

		6		1		14				0

		6		1		15

		6		1		16		952.99		0

		6		1		17		591.30		0

		6		1		18		142.32		0

		6		1		19		163.76		0

		6		1		20		207.10		0

		6		1		21				0

		6		1		22

		6		1		23		80.33		0

		6		1		24		40.22		0																		3		1:15 PM		southwall		7		29		6.5		67		62		5		13		10		20		14		12		16				24731		33866		1		852		855				1.3693744693		53.3		ezdet

		6		1		25		301.03		0

		6		1		26		659.04		0

		6		1		27		275.11		0

		6		1		28				0

		6		1		29

		6		1		30		313.16		0

		6		1		31		172.19		0

		6		2		1		271.69		0																		4		11:11 AM		east wall blue		6		30		6.5		55		50		5		12_13		11-Oct		20		14		12		16				17753		28028		1		591		620				1.5787754182		47		ezdet

		6		2		2		3568.96		2634		0		2630		560		3		45		0		876.7

		6		2		3		8335.09		7502		0		7500		791		4		134		5		1914.9

		6		2		4		5915.2		5057		0		5060		896		3		80		0		1686.7

		6		2		5

		6		2		6		5257.82		9498		0		9500		991		4		162		0		2425.5

		6		2		7		6832.36		7898		0		7900		1004		4		127		8		2052

		6		2		8		6379.29		6436		0		6520		871		4		105		9		1576.3

		6		2		9		6002.2		8394		0		8390		855		4		140		3		2097.5

		6		2		10		6451.94		8976		0		8980		935		3		136		5		2763.1

		6		2		11		4803.28		4229		0		8910		875		3		136		5		2741.5

		6		2		12

		6		2		13		0		0

		6		2		14		3230.44		6518		0		6520		792		4		105		12		1510				5		11:21 AM		east wall blue		6		34		6.5		55		50		5		13-14		11		20		14		12		16				20939		31810		1		615		700				1.5191747457		43.88		ezdet

		6		2		15		6889.54		6101		0		6100		759		3		101		10		1763.9

		6		2		16		10041.98		9571		0		9570		1006		4		145		0		2296.8

		6		2		17		7559.08		9529		0		9530		968		5		163		2		1906

		6		2		18		6074.72		5611		0		5610		874		4		91		0		1574.7

		6		2		19

		6		2		20		7844.24		9107		0		9110		999		4		149		0		2102.3

		6		2		21		8695.9		9040		0		9040		1006		5		151		14		1920

		6		2		22		7930.26		9040		0		9220		971		4		153		1		2431.6				6		11:23 AM		short bench bluewhite		5		40		6.5		43		38		5		13		11		19		13		12		15				18371		25990		1		459		500				1.4147297371		68.46		ezdet

		6		2		23		8257.92				0		305				5				2		61

		6		2		24		8994.1		8759		0		8760		916		4		137		9		2285.2

		6		2		25		5405.2		5931		0		5930		924		4		88		2		1482.5

		6		2		26

		6		2		27		6099.75		8749		0		8750		970		4		135		1		2307.7

		6		2		28		9322.32				0		8630		912		4		147		0		2031				7		11:21 AM		east wall blue		6		34		6.5		53		48		5		13		11		20		14		13		17				21661		32766		1				625				1.5126725451		44.32		ezdet

		6		3		1		9,883.32		10,559.00		0		10560		999		5		175		1		2112

		6		3		2		9,099.32		10,465.00		0.00		10470		971		4		166		1		2463.5

		6		3		3		5,371.99		9,252.00		0.00		9250		941		4		160		4		2312.5

		6		3		4		3,466.48		5,065.00		0.00		5070		761		3		85		0		1690

		6		3		5

		6		3		6		7,473.44		6,670.00		0.00		6670		741		3		119		3		2052.3				8		1:06 PM		south white blue		7		18		6.5		67		62		5		13		10		20		14		13		16				15232		25473		1		846		900				1.6723345588		45.73		ezdet

		6		3		7		7,210.96		7,047.00		0.00		7050		769		4		128		1		1763

		6		3		8		8,014.80		9,247.00		0.00		9250		911		4		157		0		2312.5

		6		3		9		8,205.41		9,800.00		0.00		9800		988		5		163		7		2177.8

		6		3		10		7,987.83		7,327.00		0.00		7327		1030		4		135		10		1714				9		1:24 PM		south white blue		6		28		6.5		42-44		37-39		5		13		11		19		14		13		15				12149		19809		1		433		500				1.6305045683		66.09		ezdet

		6		3		11		5,243.08		5,191.00		0.00		5190		780		3		89		1		1946.3

		6		3		12

		6		3		13		9,062.99		8,507.00		0.00		8510		867		4		143		11		1945.1

		6		3		14		9,884.21		8,142.00		0.00		8140		1265		5		139		13		1696

		6		3		15		8,066.09		9,697.00		0.00		9700		933		4		170		2		2400

		6		3		16		9,039.39		7,510.00		0.00		7500		738		4		131		2		1875				10		11:23 AM		south white		7		21		6.5		70-75		65-70		5		13-18		12		20		14		13		16				18772		35015		1		938		1200		66		1.8652780737		45.72		ezdet

		6		3		17		3,224.26		6,143.00		0.00		6143		623		5		113		0		1325

		6		3		18		79.47		5,720.00		0.00		5720		1069		3		92		5		1830.4

		6		3		19

		6		3		20		7,349.63		5,868.00		0.00		5870		740		3		109		6		1956.7

		6		3		21		5,796.06		9,288.00		0.00		9290		902		4		154		1		2372				11		10:47 AM		east wall blue		6		36		6.5		50-54		45-49		5		13		11		20		14		13		16				20500		36406		1		602		648				1.775902439		41.48		ezdet

		6		3		22		6,028.39		10,085.00		0.00		10090		952		4		172		1		2522.5

		6		3		23		6,936.92		10,030.00		0.00		10030		922		4		172		4		2407.2				12		11:38 AM				4,5		20		6.5		10_74		10_69		5		13		11		10_22		12_16		12_13		12_16				23429		47955		1		807		1200		34		2.0468223142		45.72		ezdet

		6		3		24		9,031.65		9,589.00		0.00		9590		919		4		166		4		2278.8

		6		3		25		6,415.76		6,189.00		0.00		6290		973		4		111		6		1572.5

		6		3		26

		6		3		27		10,095.44		10,020.00		0.00		10020		915		4		180		1		2505

		6		3		28		8,182.68		10,188.00		0.00		10190		949		4		185		8		2548				13		11:34 AM		south wall white		7		32		6.5		68-70		62-65		5		13		12		20		14		13		16				27957		39937		1		873		950				1.4285152198		29.68		ezdet

		6		3		29		6,760.37		8,690.00		0.00		8690		845		4		169		0		2172.5

		6		3		30		9,462.54		8,959.00		0.00		8960		867		4		164		1		2240

		6		3		31		10,244.33		8,677.50		0.00		8680		883		4		157		0		2314.7

		6		4		1		5,832.68		5,526.00		0.00		5530		873		4		87		0		1382.5

		6		4		2

		6		4		3		7,225.24		9,165.00		0.00		9170		879		4		159		6		2418.5				14		11:00 AM		white		6		34		6.5		50		45		5		15		12		20		13		13		15				20201		29328		1		594		684				1.4518093164		38.3		ezdet

		6		4		4		9,451.12		8,965.00		0.00		8980		842		4		168		20		2245

		6		4		5		7951.72		8437		0.00		8440		830		4		155		4		2110

		6		4		6		8,994.64		8,426.00		0.00		8430		831		3		147		1		2593.8				16		11:33 AM		east wall signiture		6		1		6.5		55		50		5		13				20				13						602		1059		1		544		600				1.7591362126		36.61		ezdet

		6		4		7		9,436.53		9,836.00		0.00		9390		887		4		179		1		2347.5

		6		4		8				4,361.00		0.00		4360		747		3		78		2		1395.2

		6		4		9

		6		4		10		9,790.93		8,890.00		0.00		8890		845		4		151		12		2222.5				17		11:09 AM		eastwall stripping		1		19		6.5		55		50		5		15		13		20		14		12		16				11775		16074		1		619		650		64		1.3650955414		43.45		ezdet

		6		4		11		11,560.59		10,138.00		0.00		10140		936		4		162		2		2535

		6		4		12		9339.56		9743		0.00		9740		1076		4		160		5		2329.1				18		11:36 AM		southwall corner		7		26		6.5		76_82		71_77		5		12		10		22		14		12_13		16_17				27951		40494		1		1075		1100				1.4487495975		41.36		ezdet

		6		4		13		11280.08		11730		0.00		11730		984		4		201		3		2760

		6		4		14		10476.5		11598		0.00		11600		1022		4		192		3		2900

		6		4		15		4334.12		4289		0.00		4290		713		3		78		0		1492.2

		6		4		16

		6		4		17		9935.01		7886		0.00		7890		801		4		131		0		2014

		6		4		18		10846.14		7341		0.00		7340		770		4		143		0		1835				19		11:07 AM		eastwall blue		7		24		6.5		69		64		5		12_14		11		21_20		14		13		17				21142		32524		1		880		900				1.5383596632		42.23		ezdet

		6		4		19		9793.38		5982		0.00		5930		681		3		115		0		1840

		6		4		20		9066.82		8886		0.00		8890		841		4		162		1		2319.1

		6		4		21		10731.19		9240		0.00		9240		874		4		160		0		2310				20		11:05 AM		eastwall blue		6		38		6.5		48		43		5		12_14		11_10		20		14		13		17				19867		32534		1		522		600				1.6375899733		43.11		ezdet

		6		4		22		345.89		5265		0.00		5270		777		4		87		1		1482.2

		6		4		23

		6		4		24		8619		10283		0.00		10280		939		4		165		2		2570

		6		4		25		10214.45		12543		0.00		12540		1067		4		202		1		3135

		6		4		26		6483.35		11212		0.00		11210		1030		4		192		2		2802.5

		6		4		27		2683		7810		0.00		7810		819		4		128		5		2130				21		11:08 AM		southwall bluewhite		6		32		6.5		50		45		5		12		10		19		13		12		15				16469		24695		1		588		625				1.4994838788		50.68		ezdet

		6		4		28		5665.19		7447		0.00		7480		931		4		129		9		1870

		6		4		29		5167.86		5393		0.00		5390		809		4		88		2		1232

		6		4		30

		6		5		1		10,723.10		9,395		0.00		15001

		6		5		2		11309.06		10311		0.00		12540		1067		4		202		1		3135

		6		5		3		9,975.50		9,622		0.00		11210		1030		4		181		2		2802.5

		6		5		4		9,469.64		8,057.00		0.00		7810		819		4		128		5		2130				22		2:28 PM		eastwall blue		7		35		6.5		54		49		5		13		10		20		14		13		17				22962		34399		1		656		726				1.4980837906		37.22		ezdet

		6		5		5		9784.05		11000		0.00		7480		931		4		129		9		1870

		6		5		6

		6		5		7

		6		5		8		11,021.88		10,898.00		0.00		10900		966		4		182		3		2564.7

		6		5		9		9506.85		10379		0		10350		947		4		178		2		2435

		6		5		10		4,453.81		9,043.00		0		8950		834		5		154		14		1988.9				23		11:15 AM		southwall bluewhite		7		28		6.5		67_80		62_75		5		13		12		20_22		14		12		16				24767		36476		1		884		950		49		1.4727661808		39.38		ezdet

		6		5		11		9,099.75		9,161.00		0		9160		1018		5		154		12		1865.9

		6		5		12		7850.07		7921		0		7921		696		4		143		1		1980

		6		5		13

		6		5		14

		6		5		15		9754.45		8,473.00		0		8470		814		5		148		36		1752.4

		6		5		16		10117.69		9158		0		9160		808		4		154		0		2266				24		11:06 AM		white		6		36		6.5		46		41		5		12_13		10		19		13		12		15				19763		25656		1		548		600				1.2981834742		47.39		ezdet

		6		5		17		9913.43		9097		0		9100		847		4		155		2		2275

		6		5		18		10773.13		9385		0		9390		865		4		157		2		2347.5

		6		5		19		8133.21		8964		0		9010		830		4		139		3		2350.4

		6		5		20				2481		0		2480		501		2		31		0		1240

		6		5		21

		6		5		22		9082.19		7948		0		7950		787		4		142		1		1987.5				25				southwall white		7		30		6.5		67		62		5		13_15		11_13		20		14		13		17				28014		37403		1		933		975		27		1.3351538516		40.57		ezdet

		6		5		23		9231		8410		0		8410		806		4		139		7		2103

		6		5		24		7,158.24		7,656.00		0		7680		866		5		132		4		1550.1

		6		5		25		8,832.39		7,011.00		0		7010		1073		4		118		2		1844.7

		6		5		26		4516.04		2535		0		2540		740		4		41		16		635				26		11:20 AM		eastwall blue		6		38		6.5		55		50		5		13		11		20		14		13		17				24147		38100		1		635		670				1.577835756		34.65		ezdet

		6		5		27

		6		5		28

		6		5		29

		6		5		30		5,573.42

		6		5		31		8160.8				0		1860				3		31		4		620

		6		6		1		7082.08		5090		0		5090		722		4		89		14		1272.5

		6		6		2		7,585.83																				27				east		6		36		6.5		50-52		46		4		13		11		20		13		12		15				18843		27864		1		523		550				1.4787454227		67		electronic

		6		6		3

		6		6		4

		6		6		5		9,070.71		9,539.00

		6		6		6		9456.48

		6		6		7		7,764.77

		6		6		8		4,656.93

		6		6		9		404.81

		6		6		10		42.65

		6		6		11

		6		6		12		465.54

		6		6		13		261.33

		6		6		14		271.2

		6		6		15		308.3

		6		6		16		169.20		8349		0		8350		862		5		166		0		1670

		6		6		17				2600		0		2600				4		47		0		650

		6		6		18

		6		6		19		9297.83		9497		0		9500		976		5		190		1		1900				27		11:48 AM		3b		3		22		6.5		95		91		4		13		13		20		16		12		16		titan g		26279.25		40011		1		1195		1200				1.5225320357		22		electronic

		6		6		20		8849.20		10403		0		10400		956		5		210		1		2269				28		1:37 PM		south		7		32		6.5		63		58		4		12		11		15		15		17		17		fragmite10		25408		42940		2		794		1600		70		1.6900188917		29		nonel

		6		6		21		9,819.81		11,430.00		0		11430		1013		4		223		1		2689.4

		6		6		22		10,567.46		12,339.00		0		12340		1062		4		239		2		2361.6

		6		6		23		11514.85		11361		0		11360		1031		4		199		0		2840

		6		6		24				6334		0		4530		637		4		113		8		1132.5

		6		6		25

		6		6		26		4877.42

		6		6		27		7245.65		6753		0		6750		1350		4		124		10		1688

		6		6		28		7290.52		10445		0		10450		1106		5		184		5		2090

		6		6		29						0		10820		1045		5		197		0		2164

		6		6		30						0		11740		1085		5		192		1		2348

		6		7		1						0		7640		784		5		146		0		1528

		6		7		5						0		3020														29		11:31 AM		south		7		23		6.5		63		57		4		11		10		20		15		12		16		titan g		17922		26573		1		779		850				1.4827028233		39		nonel

		6		7		6						0		9630		986		4		155		1		2180.4

		6		7		7						0		10760		998		4		178		0		2635.1				30		1:38 PM				6		32		6.5		53		49		4		12		10		20		14		12		17		titan g		20436		30400		2		639		1320				1.4875709532				electronic

		6		7		8						0		6180		968		5		113		1		1236

		6		7		10						0		1930				5		33		0		386

		6		7		12						0		7800		1467		4		134		3		1847.4

		6		7		13						0		10830		963		4		188		0		2599.2				31				south		7		22		6.5		66		62		4		12		10		18		14		13		17		fragmax		17742		26372		1		806		850		82		1.486416413				nonel

		6		7		14						0		12130		1072		5		207		0		2426

		6		7		15						0		3250		565		5		58		0		650

		6		7		17						0		9610		951		5		174		4		1922

		6		7		18						0		10870		1010		5		201		0		2174

		6		7		19						0		9490		930		5		169		5		2108.9

		6		7		20						0		19150				5		93		2		3830

		6		7		21						0		10040		1156		5		181		0		2045				32		11:17 AM		white		7		20		6.5		75		70		5		13		11		20		14		12		17		fragmax		19462		31073		1		973		975		62		1.5965984996		45.63		nonel

		6		7		22						0		6010		1145		2		101		0		3005

		6		7		24						0		9170		1044		4		166		0		2292.5

		6		7		25						0		9830		929		4		182		0		2458				33		11:16 AM		east		6		31		6.5		50		45		5		12		11		19		13		12		15		fragmax		17462		23941		1		563		1200		73		1.3710342458		77		nonel

		6		7		26						0		11170		994		3		194		0		3527.4

		6		7		27						0		11310		988		5		209		0		2262

		6		7		28						0		10560		951		5		184		0		2112
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DAILY PRIMARY PRODUCTIVITY-TONS
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DAILY PRIMARY PRODUCTIVITY T/HR



		



DAILY PRIMARY PRODUCTIVITY - T/HR

DAILY PRIMARY PRODUCTION TONS
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NUMBER LOADS/HR

DAILY PRIMARY PRODUCTIVITY T/HR

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0



		



NUMBER OF TRUCKS

DAILY PRIMARY PRODUCTIVITY LOADS/HR

NUMBER OF TRUCKS VERSUS PRODUCTIVITY



		



NUMBER OF LOADS/HR

PRIMARY PRODUCTION TONS




