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Drill and Blast Optimization at the Sparkhule Limestone Quarry By Paul L. Martin, P.E. Reserves Supervisor TXI Riverside Cement Oro Grande Plant, California Abstract This paper will discuss the recent and on-going drill and blast optimization measures at the Sparkhule Limestone Quarry, which have resulted in a 44% reduction of drill and blast unit costs per ton of broken limestone. This amounts to approximately $240,000 of drill and blast saving per year at current annual production rates of about 2.5 million tons (2.3 million tonnes) total material shot. The reduction of drill and blast costs were accomplished by a detailed and controlled in-the-mine drill/blast experimentation and cost evaluation using 8 different blast pattern designs and shots totaling approximately 267,000 tons (242,200 tonnes) of shot and mucked material. A careful review of the geology of the deposit was performed to determine the different rock classification/strengths/structural properties and to adjust blast designs to optimize fragmentation for the different rock types. Equipment loading productivity and crusher throughput performance were monitored as part of the evaluation process to assure that an optimal fragmentation of broken rock was achieved with the new blast designs. The study included the review of bulk explosive and accessory selection criteria (ammonia nitrate/fuel oil mix - ANFO, mini prills (high density ANFO), sensitized and un-sensitized emulsions at a 30% emulsion/70% ANFO blend), blast pattern design, charge diameter and the cost of drilling. Laser profiling technology was used to assure proper bench heights, stemming and sub-drill footage and front row burdens. High speed photography, video and still photos were taken of the different designed shots to assist in the evaluation of the performance of each blast. Powder density checks, size distribution, back break, detonation velocity and pressure measurements were taken. Different borehole diameters were used for the drill optimization study and drilling cost and productivities determined. A detailed cost comparison between in-house blasting and complete shot service was prepared to evaluate if shot service is a cost effective alternative to current in-house loading and blasting including a review of the new and pending United States Bureau of Alcohol, Tobacco and Fire Arms (ATF) regulations and associated owner costs/risks and potential benefit of shot service. Introduction The Oro Grande Plant, which consists of a 1.2 million ton/year (1.1 million tonnes/year) Portland Cement manufacturing plant and 4 limestone quarries, is located in San Bernardino County, in the high desert of Southern California, approximately 6 miles (10 kilometers) north of the City of Victorville, and adjacent to the small community of Oro Grande. The limestone ore is mined from the quarries by using conventional hammer drilling and non electric blasting techniques and transported to the three staged crushing/grinding plant by a truck-loader mining fleet. A total of approximately 1.8 millions tons (1.6 million tonnes) of limestone ore and 0.7 million tons (0.6 million tonnes) of waste material is mined each year at about a 0.4 unit waste to 1.0 unit ore
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stripping ratio. Waste stripping ratios are planned to increase in the future and an optimal drill and blast program is very important to keep mining costs and productivity at optimal levels. A total of 97 percent of the raw ingredients used to manufacture Portland Cement comes from limestone rock (CaCO3). Table #1: Surface Mining Drill, Load & Haul Heavy Equipment List Loading Equipment: Type # Units CAT 992 CAT 988



2.00 1.00



Hauling Equipment: Type # Units CAT 769 1.00 HaulPak 3.00 CAT 777 1.00 Drilling Equipment Type # Units DM 45 REED SKF LM 500



Imperial Capacity 13.00 9.00



Imperial Capacity 50 85 100



Imperial Bit Diam. 1.00 6.5 & 7 1.00 6.5 & 7 1.00 3&4



yd3 yd3



Metric Capacity 11.50 m3 8.00 m3



tons tons tons



Metric Capacity 45 tonnes 77 tonnes 91 tonnes



inches inches inches



Metric Bit Diam. 165 & 178 mm 165 & 178 mm 76 & 102 mm



Geology – Classification of Ore and Waste Rock Types for Blast Design The limestone at Oro Grande is of late Paleozoic age and has been mapped as the Oro Grande Series (Bowen and Ver Plank, 1965). The limestone in the Sparkhule Quarry is a low magnesium (< 1%) massive crystalline unit that grades from black to light blue-gray to off-white. The rock mass, is extensively faulted and fractured and has also been intruded by latitic dikes and sills of the Sidewinder Volcanic Series of Triassic age. These dikes and sills followed pre-existing faults and fractures. The dikes can be readily observed in the quarry highwalls and range in thickness from a few feet to over 100 feet. The dikes often roll over into a horizontal position where they are more properly termed sills. A review of the geology in the field revealed the need to classify ore and waste rock types based on rock properties (strength/density), chemistry (silica) and structure (bedding/fracturing) for drill and blast design criteria. Three different ore types and three different waste rock types were identified. Each rock type will require a unique drill and blast design based on the rock characteristics in order to maximize fragmentation and reduce drill, blast, mining and crushing costs. Of the six rock types, five were evaluated (drill, blasted and mucked) in the optimization study. The three ore types identified are Blue/Gray Limestone, which has good fragmentation at lower powder factors with minimal fracture intensity. The Off White Limestone ore contains more silica (less iron) and has moderate fracture intensity. The Wollastinite Ore is high silica (very abrasive), heavy fracturing and requires a tighter drill pattern for optimal fragmentation and to reduce boulders.
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Table #2: Sparkhule Rock Types/Properties and Recommended Pattern Design Rock Type Limestone Off White Blue/Gray Wollastinite Waste Volcanics Alluvium Shale/Schist



Density g/cc



Density Lb/ft3



Fracture Intensity



Compressive Strength psi MPa



Tensile Strength Psi MPa



2.68 2.68 2.68 g/cc 2.64 2.06 2.40



168 168 168 Lb/ft3 164 128 150



Moderate Minimal Heavy Fracture Moderate n/a Minimal



23,000 23,000 23,000 psi 28,400 10,400 11,600



159 159 159 MPa 196 72 80



3,350 3,350 3,350 Psi 1,400 n/a n/a



23 23 23 MPa 10 n/a n/a



Optimized Blast Pattern (Heavy ANFO – 1.15 g/cc) 40 ft bench; 7 in hole; 5 ft sub drill Rock Type Limestone Off White Blue/Gray Wollastinite Waste Volcanics Alluvium Shale/Schist



Powder Column ft



Stemming ft



Burden Ft



Spacing ft



Burden M



Spacing M



lb/yd3 Powder factor



kg/m3 Powder factor



25.00 25.00 25.00



20.00 20.00 20.00



18.0 19.0 14.0



18.0 19.0 14.0



5.5 5.8 4.3



5.5 5.8 4.3



1.00 0.90 1.65



0.59 0.53 0.98



25.00 25.00 25.00



20.00 20.00 20.00



19.0 25.0 20.0



19.0 25.0 20.0



5.8 7.6 6.1



5.8 7.6 6.1



0.90 0.52 0.81



0.53 0.31 0.48



Drill and Blast Base Case and Optimization of the Base Case (ANFO) Prior to the optimization study, the drill and blast Base Case in Blue/Gray Limestone Ore was a 12 ft X 12 ft (3.7 m X 3.7 m) square pattern drilled on a 35 ft bench (10.7 m) with 3 feet (0.9 m) of sub drill and 15 ft (4.6 m) of stemming for all rock types with exception to the Wollastinite (high silica/very fractured) Limestone Ore, which was drilled using a 8 ft X 8 ft (2.4 m X 2.4 m) spacing. Non electric detonation and ANFO blasting agents were used at a powder factor of 1.34 lb/yd3 (0.79 kg/m3) for the Blue/Gray Limestone Rock. Drilling and blasting operations were performed in-house. The Base Case drilling was conducted using two hammer drill rigs with 6.5 inch (165 mm) drill bits with carbide inserts. Blast holes were loaded using an old powder truck (without a loading boom) and the drillers were used to load and shoot patterns (classified as driller/blasters). Stemmers were called up from the Labor Pool when needed to assist the Driller/Blasters with the stemming of the blast holes and for blocking. Drill hole cuttings were used for stemming material. Table #3 below is a summary of the Base Case and three optimized scenarios (using ANFO) conducted in the field as part of this study. The optimized scenarios increased the drill pattern spacing from a square 12 ft X 12 ft (3.7 m X 3.7 m) pattern to a staggered patterns 14 ft X 14 ft (4.3 m X 4.3 m), 15 ft. X 15 ft. (4.6 m X 4.6 m) using a 6.5 inch bit (165 mm) then finally to a staggered 16 ft X 16 ft (4.9 m X 4.9 m) pattern using a 7.0 inch bit (178 mm). Each shot was monitored to determine loader and crusher productivity and compared to the base case to assure that fragmentation remained optimal and did not affect productivities.
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Table #3: Optimization Scenarios and Unit Cost Comparison of the Base Case using ANFO and non Electric Detonation Rock Type: Blue/Gray Limestone; ANFO SCENARIO Hole Burden Spacing Dia Feet Feet Inches Base Case Base Opt 1 Base Opt 2 Base Opt 3



6.5 6.5 6.5 7.0



12 14 15 16



12 14 15 16



Powder Factor Lb/yd3 1.34 0.99 0.86 0.88



Drill Cost/ton



Total Powder Cost/ton



Total Drill & Blast Cost/ton



Annual Savings K$



$ $ $ $



$ $ $ $



$ $ $ $



$ $ $



0.074 0.054 0.047 0.043



0.142 0.105 0.093 0.084



0.216 0.159 0.140 0.127



Annual % Savings



(144) (190) (224)



0% 27% 35% 41%



Further Optimization of the Drill and Blast Optimized Base Case (ANFO) using Heavy ANFO Blasting Agents and non Electric Detonation An evaluation and comparison of the energy values of four different blasting agents was conducted as a preliminary step to the formulation of the different blast designs using Heavy ANFO. The Heavy ANFO blasting agents tested were sensitized emulsions using a 30%/70% emulsion/ANFO blend, unsensitized emulsions using a 30%/70% emulsion/ANFO blend and mini prills (high density ANFO). The following Table #4 is a summary of the calculated energy value comparison. Table #4: Comparison of Calculated Energy Values; ANFO, Mini Prill, Sensitized and Unsensitized Emulsion Products (EP) Units



ANFO



Mini Prill



Unsensitized EP (30/70)



Sensitized EP (30/70)



g/cc cal/g Cal/cc Ratio ANFO Ratio ANFO Ft/sec (7") m/sec (7") Kcal/ft borehole Ratio to ANFO Lbs/yd3 Kg/m3



0.83 912 739 100 100 14.5K 4.4K



1.05 894 939 98 127 17.1K 5.2K



1.15 835 961 92 130 15.3K 4.7K



1.15 1,099 1,264 120 171 16.0K 4.9K



5,613



7,128



7,297



9,598



1.00 0.90 0.53



1.27 0.90 0.53



1.30 0.90 0.53



1.71 0.90 0.53



%Blend EP/ANFO = Density AWS ABS RWS RBS* VOD* VOD* Energy Factor EF Prod/EF ANFO Powder Factor** Powder Factor



AWS = Absolute Weight Strength = cal/g ABS = Absolute Bulk Strength = AWS X Density = cal/cc RWS = Relative Weight Strength (compared to ANFO) = (AWS product/AWS ANFO) X 100 RBS = Relative Bulk Strength (compared to ANFO) = (ABS product/ABS ANFO) X 100 VOD = Velocity of Detonation Energy factor = .155 X Borehole Dia. Inches Squared X ABS = Kcal of energy per foot of borehole
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* Manufacturer Published ** Optimal powder factor for Blue/Gray Limestone from evaluation



The Heavy ANFO products (mini prills and emulsion blends) offer a significant increase in energy per foot of borehole as depicted in Figure #1 below. However, the heavy ANFO products are more expensive than straight ANFO so an evaluation of unit costs per ton (tonne) of shot muck is required to evaluate the most cost effective product.



9598 10000



9000 7128



8000



7297



Energy/ft borehole (Kcal)/ft



7000 5613 6000



5000



4000



3000



2000



1000



0



ANFO



Mini Prill



Emulsion



Emulsion



Un-sensitized Emul



Sensitized



Figure #1: Energy Factors of Different Blasting Agents (Kcal of energy per foot of borehole) using a 7 inch diameter borehole. Emulsions at a 30%/70% blend of Emulsion/ANFO Discussion Un-sensitized emulsions are oxidizers and are not a blasting agent, thus the un-sensitized emulsions have a lower energy factor than the sensitized emulsions. The sensitized emulsion blends are a blasting agent, which can be detonated using a booster. The sensitized emulsion matrix converts from an oxidizer to a blasting agent with the introduction of micro spheres, chemical gassing and the use of ANFO. The sensitized emulsions have the highest energy factor per foot of borehole, but are also the most expensive product.
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Un-sensitized emulsions use ANFO as a sensitizing agent. Therefore, you are limited in the percentage of emulsion that can be used due to the critical density (dead pressing). Mini prills have an increased velocity of detonation (VOD) due to the smaller particle size of the prills (refer to Table #4 above for a comparison of VOD values). The higher density of mini prills over ANFO and the increased surface area created by the smaller prill size (about 1/5 that of a standard ANFO) significantly enhances the detonation velocity of this blasting agent. This property is very important in maintaining floor shear as the blast hole patterns were expanded. Mini prills use a fueling oil coating of the impervious, high density AN prills. The increased density of Heavy ANFO and the elevated energy factor should allow an increase in pattern size and still maintain the optimized ANFO Base Case powder factor of approximately 0.82 to 0.90 lb/yd3 (0.49 to 0.53 kg/m3). Based on this assumption, blast patterns were again increased in size in the field and the following Table #5 is a summary of the modified Heavy ANFO Blast designs drilled, shot and mucked in the field. Each shot was evaluated for fragmentation, loader and crusher productivity. Table #5: Optimized Drill and Blast Scenarios and Cost Comparisons using Heavy ANFO/non Electric Detonation/Complete Shot Service Rock Type: Blue/Gray Limestone; Heavy ANFO; Shot Service SCENARIO Hole Burden Spacing Powder Drill Total Dia Feet Feet Factor Cost/ton Powder Inches lb/yd3 Cost/ton



Total Drill & Blast Cost/ton



Annual Savings K$



Annual % Savings



Base Case Mini Prill Unsens EP Sens EP



$ $ $ $



$ (240) $ (214) $ (158)



0% 44% 39% 29%



6.5 7.0 7.0 7.0



12 19 19 19



12 19 19 19



1.34 0.82 0.90 0.90



$ $ $ $



0.074 0.031 0.031 0.031



$ $ $ $



0.142 0.090 0.100 0.123



0.216 0.121 0.131 0.153



optimal case



Laser Profiling Evaluation of Blast Pattern A Laser Profiler was used to determine front row burdens and bench heights in two of the 8 test patterns. The evaluation revealed that even when the front holes are drilled as close to the crest as safely possible, that the front row burdens can still be greater than the pattern design, especially at the toe of the face. The laser profiler provided important information and in the future, angle “lifter” holes may be used to reduce the front row burden and improve blast movement to the free face and fragmentation. Equipment Loading and Crushing Productivity Analysis The Blasting Report was modified during this study to include loader operator, foreman, and crusher operator in-put regarding the dig-ability of the shot muck and observations of Primary and Secondary Crusher throughput. It was determined that none of the modified pattern designs and resulting fragmentation affected crusher throughput.
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In-house Loading and Blasting versus Shot Service Shot service is advantageous from an overall cost standpoint (see Table #5 above), results in increased drill productivity and drilling manpower utilization and a reduction of drilling unit costs. Shot service offers less owner risks/liability as a result of the new and pending ATF regulations. The new ATF regulations will require stemmers to be certified and licensed which would make it difficult to schedule stemmers from the Labor Gang. Digital Photos of Test Shots:



Figure #2: Base Case Shot (12 ft. X 12 ft.; 3.7 m X 3.7 m spacing – 35 foot/10.7 m face) with a 1.34 lb/yd3 powder factor. Over shot - muck flows through primary crusher due to fines causing the secondary crusher to plug up and back up at times.
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Figure #3: Heavy ANFO Shot (19 ft. X 19 ft.; 5.8 m X 5.8 m spacing – 40 foot/12.2 m face) with a 0.90 lb/yd3 powder factor. Results in a 44% reduction in drill and blast costs. Conclusion The study accomplished a 44% reduction in drill and blast costs and increased manpower utilization by: • • • • • •



• • • •



Evaluation of the structural geology/classification of rock types; Design of blast patterns based on Geology; Optimization of the Base Case (ANFO) by increasing pattern size from a square 12 ft. X 12 ft. (3.7 m X 3.7 m) drill pattern to a staggered pattern size of 16 ft. X 16 ft. (4.9 m X 4.9 m); Increase drill bit diameter from 6.5 inches (165 mm) to 7.0 inches (178 mm); Determine energy values for Heavy ANFO’s (mini prills and emulsion blends) and compare to the Base Case (ANFO); Gradually increasing pattern spacing from the optimized Base Case of 16 ft. X 16 ft. (4.9 m X 4.9 m) to a maximum of 19 ft. X 19 ft. (5.8 m X 5.8 m) using Heavy ANFO (mini prills and sensitized/un-sensitized emulsion blends) and maintaining the same powder factor as the optimized Base Case powder factor of 0.90 lb/yd3 (0.53 kg/m3); Increasing bench faces from 35 ft. (10.7 m) to 40 ft. (12.2 m), to match loading equipment optimal loading height, increasing loading efficiency and reducing unit costs; Increased pattern size allows the use of one of the drillers as a utility operator increasing operating production by improved utilization of haulage equipment; Use of shot service as a cost effective alternative to current in-house loading and blasting especially in lieu of the new and pending United States Alcohol, Tobacco and Firearms (ATF) regulations and associated owner costs/risks and Shot Service frees up driller to concentrate on drilling, increasing drill productivity and efficiency.
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•



A future enhancement will be the evaluation and use of screened rock as stemming (rock is more angular and will lock into place better). This may allow a reduction in stemming height and a further increase in blast pattern spacing and burden.
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