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Objective

To evaluate the effectiveness of using PuriNOx winter and summer blend fuels, which are water emulsion diesel fuels, on diesel particulate emissions and exposures in an underground metal and nonmetal mine.
Originating Office

Pittsburgh Safety and Health Technology Center

Robert A. Haney

Chief, Dust Division

Cochrans Mill Road, P.O. Box 18233

Pittsburgh, Pennsylvania  15236
INTRODUCTION

In March, April, and May 2004, a three-part diesel particulate survey was conducted at the underground Black River Mine, I.D. No. 15-00062, Butler, Pendleton County, Kentucky.  The purpose of the study was to evaluate the effectiveness of using PuriNOx winter and summer blend fuels, which are a water-blended diesel fuel emulsion, to reduce diesel particulate emissions and personal exposures in an underground metal and nonmetal mine.  A 35‑65% recycled vegetable oil (RVO) based bio-diesel fuel mixture (baseline study) was evaluated on March 16, 17, and 18, 2004.  The PuriNOx winter blend fuel, which contains about 10% water, was evaluated on April 13 and 14, 2004.  The PuriNOx summer blend fuel, which contains about 20% water and an additive to compensate for the additional water, was evaluated on May 25 and 26, 2004.
The surveys were jointly conducted by Mine Safety and Health Administration (MSHA) personnel, National Institute for Occupational Safety and Health (NIOSH) personnel, and Carmeuse North America, Inc., personnel.  The surveys were conducted at the request of the District Manager, Metal and Nonmetal Mine Safety and Health, Southeastern District.  MSHA personnel involved in the studies were Deborah M. Tomko, Industrial Engineer, Everett J. Gerbec, Mining Engineering Technician, and Robert B. Murphy, Mining Engineering Technician, Dust Division, Pittsburgh Safety and Health Technology Center.  NIOSH personnel involved in the studies were James D. Noll, Associate Service Fellow, Steven E. Mischler, Physical Scientist, and Larry D. Patts, Physical Scientist, Pittsburgh Research Laboratory.  George Love, Regional Environmental Manager for Carmeuse North America, Inc., participated in the surveys for the Black River Limestone Mine. 
BACKGROUND

The Black River Mine, located in Pendleton County, Kentucky, is an underground limestone mine, owned and operated by Carmeuse North America, Inc.  The Camp Nelson Limestone formation is mined.  The mine operates two 10-hour production shifts, 4 days per week to produce approximately 2.5 million tons of limestone annually.  The limestone deposit is mined using a regular room-and-pillar, heading-and-bench mining method.  The headings are approximately 24 feet high and benches range from 30 to 40 feet wide.  This process results in a mine layout consisting of an upper level which eventually is shot down to a lower level.

A conventional mining system, where the limestone is drilled and blasted, was used to mine the limestone deposit.  This process consisted of drilling the face or the floor and then loading the drilled holes with ammonium nitrate and fuel oil (ANFO).  The blasting sequence was initiated at the end of the shift.  A two-hour and fifteen-minute idle period followed blasting to allow for the gasses and other contaminants to be removed by the ventilation system.  The broken stone was then loaded at the faces by 

front-end loaders into haulage trucks.  The trucks transported the material to a jaw crusher which fed onto the mine belt.  The belt conveyor system carried the stone from the crusher area out of the mine via the exhaust air slope.  On the surface, the stone was further crushed and screened.  The diesel equipment used to mine limestone included:  front-end loaders, haul trucks, scalers, face drills, roof bolters, a grader, a grease rig, a water truck, a service truck, an explosives truck, and tractors.  A list of all underground equipment is shown in Appendix A.
The intake air entered the mine at the north side intake and the Silver Bullet intake.  Air was then coursed to the working areas by air walls and auxiliary fans.  The freestanding auxiliary fans, which had no ductwork or tubing, assisted in ventilating the working panels.  Intake air was coursed throughout the mine to three exhaust areas:  the south side exhaust, the main exhaust, and the belt slope.  The total airflow in the mine during the three visits ranged from 376,000 cfm to 464,000 cfm and averaged 418,000 cfm.  The airflow was distributed with an average airflow of 81,000 cfm measured exhausting out of the south side exhaust; an average airflow of 217,000 cfm measured exhausting out of the main exhaust; and an average airflow of 120,000 cfm measured exhausting out of the belt slope.
The Black River Mine started using the PuriNOx winter blend (10% water) fuel on March 22, 2004 and the PuriNOx summer blend (20% water) fuel on May 3, 2004 in all of their equipment.  This permitted the mine to utilize the new fuel throughout their equipment for approximately three weeks before each part of the study was performed.  The PuriNOx technology is an EPA approved fuel created by Lubrizol Corporation.  PuriNOx is a formula of additives, water, and commercial diesel fuel that is created using portable, automated blending units.  The flash point is 168.8oF.  Power loss can occur, since water does not have any energy content.  Black River Mine personnel noticed the power loss changing from the RVO 35-65% fuel blend to the PuriNOx winter blend fuel and an additional power loss changing from the PuriNOx winter blend fuel to the PuriNOx summer blend fuel, but felt that the power loss has not been a problem.  
Over the last few years, the mine has been making continual improvements to improve diesel particulate matter (DPM) concentrations throughout the mine.  Over the last year, significant changes have been made in the mine which will affect mine DPM concentrations.  Prior to the baseline RVO 35-65% testing, five new pieces of equipment with cleaner burning engines are currently in the mine, which include two haul trucks, one loader, and two 320 Caterpillar scalers.  The large equipment has also undergone complete engine tuning and diagnostic testing.

SAMPLING AND ANALYTICAL PROCEDURE

Thirteen area samples were collected during each day of the three-phase study.  Two samples were taken in the intake areas, six samples were taken from the return areas, and five samples were placed on operating equipment.  The samples collected at the two intake locations consisted of one at the north side intake located at K East near J East and one at the Silver Bullet intake located at L West.  The samples collected at the six return locations consisted of two side-by-side samples at the south side exhaust located at M West, two side-by-side samples at the main exhaust located at L West W6 East, and two side-by-side samples at the belt slope located between L West and L East.  The five samples placed on the equipment consisted of a powder truck, a haul truck, a face drill, a loader, and a roof bolter.  The samples were placed outside the enclosed equipment cabs on the haul truck, face drill, and loader.  The roof bolter, whose operator drills from inside of the cab and bolts from outside of the cab, sample was placed outside the enclosed equipment cab in the basket.  The powder truck, whose crew has an open cab for driving remain outside of a cab while working, sample was placed in the basket.  Smoking was permitted underground in the mine.  There were not enough nonsmokers working production, therefore equipment operators who smoked and who did not smoke were selected for sampling of the equipment.
Individual area and equipment samples were collected with SKC, Inc., diesel particulate sampling cassettes.  A cassette includes a submicron impactor and a quartz fiber filter.  All sampling units used 10-millimeter nylon preseparator cyclones.  Samples were collected using SKC pumps calibrated and operated at 1.7 liters per minute (Lpm) of airflow.
The airborne carbon samples were analyzed by NIOSH at the Pittsburgh Research Laboratory according to NIOSH Method 5040.  Elemental carbon (EC), organic carbon (OC), and total carbon (TC) values were determined from the samples collected.  This method uses a thermal/optical carbon analyzer to determine the OC and EC matter per square centimeter of filter surface.  Separation of different types of OC is accomplished through temperature ramping over time at controlled atmospheric conditions.  Carbonaceous minerals are separated at a temperature of 750oC (fourth OC peak).  The carbonaceous mineral content, evolved at the 750oC peak, was subtracted from the OC portion of the analysis using the software capability of the analytical program.  This correction for the carbonaceous mineral content was made because it is associated with mineral dust and is not considered diesel particulate.  OC and EC were combined to obtain the TC.  A field blank correction was also applied to the carbon measurements.  If the field blank correction resulted in a negative carbon measurement, the carbon measurement was defaulted to zero.  Concentrations of carbon were calculated from the following formulas:
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TC = OC + EC                           or                        TC = 1.3 x EC
Where:

C = The corrected OC or EC, concentration measured in the thermal/optical
        carbon analyzer.

A = The surface area of the filter media used.  The surface area of the filter 
        is 8.04 cm2.
All area sample concentrations were based on actual sampling time resulting in time weighted averages (TWA’s).  In addition to DPM samples, mine airflow measurements were taken with the use of a vane anemometer.

RESULTS AND DISCUSSION

Table 1 shows the average area sample DPM concentrations of the intake north side, intake Silver Bullet, return south side exhaust, return main exhaust, and return belt slope for both TC = EC x 1.3 and TC = EC + OC with the average return airflows.  The weighted returns were calculated by multiplying the individual concentrations by the associated airflow then dividing the sum of these three products by the total airflow.  The return DPM concentrations were then adjusted for the intake concentrations.  The return DPM concentrations for both the PuriNOx winter and summer blend studies were again adjusted for the decrease in airflow from the baseline study.  These concentrations were used to determine the percent reduction from the baseline sampling for both the PuriNOx winter blend (10% water) fuel and the PuriNOx summer blend (20% water) fuel sampling.  These values were compiled from Appendix B, which contains the raw data concentrations measured during each day of the three-phase study for the area samples.  TWA’s were used for the area samples.
The average intake concentrations for the baseline study were 1 µg/m3 for both TC = EC x 1.3 and TC = EC + OC.  The average intake concentrations for the PuriNOx winter blend fuel study was 19 µg/m3 for TC = EC x 1.3 and 25 µg/m3 for TC = EC + OC.  The average intake concentrations for the PuriNOx summer blend fuel study was 1 µg/m3 for TC = EC x 1.3 and 3 µg/m3 for TC = EC + OC.
The return airflow averaged 464,000 cfm during the baseline study, 415,000 cfm during the PuriNOx winter blend fuel study, and 376,000 cfm during the PuriNOx summer blend fuel study.  The weighted return concentrations for the baseline study were 264 µg/m3 for TC = EC x 1.3 and 266 µg/m3 for TC = EC + OC.  The weighted return concentrations for the PuriNOx winter blend fuel study were 179 µg/m3 for TC = EC x 1.3 and 188 µg/m3 for TC = EC + OC.  The weighted return concentrations for the PuriNOx summer blend fuel study were 128 µg/m3 for TC = EC x 1.3 and 154 µg/m3 for TC = EC + OC.  After the return DPM concentrations were adjusted for the intake concentrations, the weighted return concentrations for the baseline study were 263 µg/m3 for TC = EC x 1.3 and 265 µg/m3 for TC = EC + OC.  The weighted return concentrations for the PuriNOx winter blend fuel study were 160 µg/m3 for TC = EC x 1.3 and 163 µg/m3 for TC = EC + OC.  The weighted return concentrations for the PuriNOx summer blend fuel study were 127 µg/m3 for TC = EC x 1.3 and 151 µg/m3 for TC = EC + OC.  
Between the various studies, the quantity of air ventilating the mine changed due to natural ventilation pressure changes.  There was a 10.6% decrease in airflow from the baseline study to the PuriNOx winter blend fuel study and a 19% decrease from the baseline study to the PuriNOx summer blend fuel study.  Since the quantity of air ventilating a mine is inversely proportional to DPM concentrations, the results of the studies were normalized to the baseline air quantities.  The normalized weighted return concentrations were 143 µg/m3 for TC = EC x 1.3 and 146 µg/m3 for TC = EC + OC.  The normalized weighted return concentrations for the PuriNOx summer blend fuel study were 103 µg/m3 for TC = EC x 1.3 and 122 µg/m3 for TC = EC + OC.  Using the normalized weighted return data, the PuriNOx winter blend fuel indicated a reduction of 46% for TC = EC x 1.3 and a reduction of 45% for TC = EC + OC.  Using the same data, the PuriNOx summer blend fuel indicated a reduction of 61% for TC = EC x 1.3 and a reduction of 54% for TC = EC + OC.  The PuriNOx summer blend fuel resulted in a higher reduction than the PuriNOx winter blend fuel even with a 19% increase in the number of truck loads mined during the PuriNOx summer blend fuel sampling compared to the baseline and PuriNOx winter blend fuel sampling.
Table 1.
Average Intake and Return Area Sample DPM Concentrations,

Return DPM Concentrations Adjusted for Intake Concentrations and 


Weighted Return Normalized to Baseline Air Quantity
	
	Baseline

(RVO 35-65%)
	Winter Blend PuriNOx

(10% Water)
	Summer Blend PuriNOx

(20% Water)

	Location
	Airflow

(cfm)
	TC =

ECx1.3

(µg/m3)
	TC =

EC+OC

(µg/m3)
	Airflow

(cfm)
	TC =

ECx1.3

(µg/m3)
	TC =

EC+OC

(µg/m3)
	Airflow

(cfm)
	TC =

ECx1.3

(µg/m3)
	TC =

EC+OC

(µg/m3)

	Intake
	North Side
	
	    2
	    1
	
	  14
	  17
	
	    0
	    2

	
	Silver Bullet
	
	    0
	    1
	
	  23
	  33
	
	    2
	    4

	
	Average Intake
	
	    1
	    1
	
	  19
	  25
	
	    1
	    3

	Return
	South Side
	101,000
	  73
	  69
	  77,000
	  41
	  38
	  65,000
	  22
	  41

	
	Main Exhaust
	241,000
	313
	323
	220,000
	203
	219
	190,000
	151
	181

	
	Belt Slope
	122,000
	327
	316
	118,000
	224
	228
	121,000
	150
	172

	
	Weighted Return
	
	264
	266
	
	179
	188
	
	128
	154

	Concentrations Adjusted for Intake and Weighted Return Normalized to Baseline Air Quantity

	Return
	South Side
	101,000
	  72
	  68
	  77,000
	  22
	  13
	  65,000
	  21
	  38

	
	Main Exhaust
	241,000
	312
	322
	220,000
	184
	194
	190,000
	150
	178

	
	Belt Slope
	122,000
	326
	315
	118,000
	205
	203
	121,000
	149
	169

	
	Total Airflow

  (cfm)
	464,000
	
	
	415,000
	
	
	376,000
	
	

	
	Weighted Return
	
	263
	265
	
	160
	163
	
	127
	151

	
	Weighted

Return

Normalized
	
	263
	265
	
	143
	146
	
	103
	122

	
	Percent Reduction

from Baseline
	
	---
	---
	
	    46%
	    45%
	
	    61%
	    54%


Figure 2 shows a graph of the weighted exhaust versus the normalized exhaust between the baseline study and both the PuriNOx winter and summer blend fuel studies for TC = EC x 1.3.  The weighted exhaust consists of the concentration of the weighted return after adjusting for the intakes.  The normalized exhaust consists of the concentration of the weighted return normalized after adjusting for the decrease in airflows.
Figure 1.
Graph of Weighted Exhaust versus the Normalized Exhaust Between the 


Baseline Study and Both the PuriNOx Winter and Summer Blend Fuel 


Studies for TC = EC x 1.3
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Table 2 shows the average area DPM concentrations of samples placed on the outside of the equipment for the powder truck, haul truck, face drill, loader, and roof bolter for the three surveys.  These values were compiled from Appendix B, which contains the raw data concentrations measured during each day of the three-phase study for the area samples.  TWA’s were used for the area samples.  Due to the 10-hour work shift, these values would be multiplied by 1.25 to compare them with the values that would have been obtained by full shift personal sampling.
Table 2.
Average Area DPM Concentrations of Samples Placed on the Outside of the 


Equipment
	
	Baseline 
(RVO 35-65%)
	Winter Blend PuriNOx
(10% Water)
	Summer Blend PuriNOx
(20% Water)

	Occupation
	TC =

EC x 1.3

(µg/m3)
	TC =

EC + OC

(µg/m3)
	TC =

EC x 1.3

(µg/m3)
	TC =

EC + OC

(µg/m3)
	TC =

EC x 1.3

(µg/m3)
	TC =

EC + OC

(µg/m3)

	Powder Truck
	531
	544
	295
	332
	295
	356

	Haul Truck
	483
	464
	245
	258
	156
	176

	Face Drill
	452
	461
	268
	290
	340
	388

	Loader
	544
	534
	302
	312
	161
	194

	Roof Bolter
	400
	433
	211
	269
	284
	361

	Percent Reduction from Baseline

	Powder Truck
	---
	---
	44%
	39%
	44%
	35%

	Haul Truck
	---
	---
	49%
	44%
	68%
	62%

	Face Drill
	---
	---
	41%
	37%
	25%
	16%

	Loader
	---
	---
	44%
	42%
	70%
	64%

	Roof Bolter
	---
	---
	47%
	38%
	29%
	17%


The powder truck average concentrations for the baseline study were 531 µg/m3 for TC = EC x 1.3 and 544 µg/m3 for TC = EC + OC.  The PuriNOx winter blend fuel study concentrations were 295 µg/m3 for TC = EC x 1.3 and 332 µg/m3 for TC = EC + OC.  The PuriNOx summer blend fuel study concentrations were 295 µg/m3 for TC = EC x 1.3 and 356 µg/m3 for TC = EC + OC.  The PuriNOx winter blend fuel results showed a decrease of 44% for TC = EC x 1.3 and 39% for TC = EC + OC.  The PuriNOx summer blend fuel results showed a decrease of 44% for TC = EC x 1.3 and 35% for TC = EC + OC.
The haul truck average concentrations for the baseline study were 483 µg/m3 for TC = EC x 1.3 and 464 µg/m3 for TC = EC + OC.  The PuriNOx winter blend fuel study concentrations were 245 µg/m3 for TC = EC x 1.3 and 258 µg/m3 for TC = EC + OC.  The PuriNOx summer blend fuel study concentrations were 156 µg/m3 for TC = EC x 1.3 and 176 µg/m3 for TC = EC + OC.  The PuriNOx winter blend fuel results showed a decrease of 49% for TC = EC x 1.3 and 44% for TC = EC + OC.  The PuriNOx summer blend fuel results showed a decrease of 68% for TC = EC x 1.3 and 62% for TC = EC + OC.
The face drill average concentrations for the baseline study were 452 µg/m3 for TC = EC x 1.3 and 461 µg/m3 for TC = EC + OC.  The PuriNOx winter blend fuel study concentrations were 268 µg/m3 for TC = EC x 1.3 and 290 µg/m3 for TC = EC + OC.  The PuriNOx summer blend fuel study concentrations were 340 µg/m3 for TC = EC x 1.3 and 388 µg/m3 for TC = EC + OC.  The PuriNOx winter blend fuel results showed a decrease of 41% for TC = EC x 1.3 and 37% for TC = EC + OC.  The PuriNOx summer blend fuel results showed a decrease of 25% for TC = EC x 1.3 and 16% for TC = EC + OC.

The loader average concentrations for the baseline study were 544 µg/m3 for TC = EC x 1.3 and 534 µg/m3 for TC = EC + OC.  The PuriNOx winter blend fuel study concentrations were 302 µg/m3 for TC = EC x 1.3 and 312 µg/m3 for TC = EC + OC, which are the results from the second and third day of sampling (4/14/04 and 4/15/04).  The first day of sampling (4/13/04) of the PuriNOx winter blend fuel study was voided, since the cassette was broken during sampling.  The PuriNOx summer blend fuel study concentrations were 161 µg/m3 for TC = EC x 1.3 and 194 µg/m3 for TC = EC + OC.  The PuriNOx winter blend fuel results showed a decrease of 44% for TC = EC x 1.3 and 42% for TC = EC + OC.  The PuriNOx summer blend fuel results showed a decrease of 70% for TC = EC x 1.3 and 64% for TC = EC + OC.
The roof bolter average concentrations for the baseline study were 400 µg/m3 for TC = EC x 1.3 and 433 µg/m3 for TC = EC + OC.  On the third day (3/18/04) of sampling of the baseline study, the roof bolter’s concentration was twice the amount as the concentrations resulting on the first and second day (3/16/04 and 3/17/04) of sampling.  This difference in concentrations were a result of the roof bolter on the third day working at a blind heading bolting at the face while the roof bolter on the first and second day moved around working in different locations of the mine.  The PuriNOx winter blend fuel study concentrations were 211 µg/m3 for TC = EC x 1.3 and 269 µg/m3 for TC = EC + OC.  During both days (4/13/04 and 4/14/04) of the PuriNOx winter blend fuel study the roof bolter started working at 1:00 p.m.  The PuriNOx summer blend fuel study concentrations were 284 µg/m3 for TC = EC x 1.3 and 361 µg/m3 for TC = EC + OC.  On the first day (5/25/04) of the PuriNOx summer blend fuel study, one of the pumps from the south side exhaust had a cassette without a second filter; therefore, the second filter was not subtracted out.  The second filter would have been minimal and concentrations were extremely low at the south side exhaust; therefore, the sample was used in the results.  The PuriNOx winter blend fuel results showed a decrease of 47% for TC = EC x 1.3 and 38% for TC = EC + OC.  The PuriNOx summer blend fuel results showed a decrease of 29% for TC = EC x 1.3 and 17% for TC = EC + OC.
Figure 2 shows a graph of the average area DPM concentrations of samples placed on the outside of the equipment for TC = EC x 1.3 of the powder truck, haul truck, face drill, loader, and roof bolter for the three surveys.  The PuriNOx fuel was shown to be effective in the decrease of DPM (EC) exposures for all samples place on the outside of the equipment for both the winter and summer blend PuriNOx fuels.  The exposure reductions were not as great as the emission reductions due to the variations in local ventilation at the different locations where the equipment was operated. 
Figure 2.
Graph of Average Area DPM Concentrations of Samples Placed on the 

Outside of the Equipment TC = EC x 1.3
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The baseline study was conducted while the mine was using an RVO 35-65% blend fuel.  To compare the PuriNOx winter blend and PuriNOx summer blend fuels to the typical No. 2 low sulfur diesel fuel an evaluation was made by utilizing a study conducted in 2003.  A baseline study of the No. 2 low sulfur diesel fuel was conducted on March 18‑19, 2003 and an RVO 35-65% study was conducted on April 8-9, 2003.  Table 3 shows the total concentrations and airflows for the area sampling of the No. 2 low sulfur diesel fuel and the RVO 35-65%fuel from the 2003 study, the RVO 35-65% fuel from the 2004 study (DPM concentrations from Table 1), and an estimated No. 2 low sulfur diesel fuel using TC = EC x 1.3 and TC = EC + OC.

Table 3.
Total Concentrations and Airflows for the Area Sampling
of the No. 2 Low 


Sulfur Diesel Fuel Conducted March 2003, RVO 35-65% Fuel Conducted 


April 2003, RVO 35-65% Fuel Conducted March 2004, and No. 2 Low Sulfur 

Diesel Fuel Equivalent
	
	No. 2 Low
Sulfur Diesel
(March 18‑19, 2003)
	RVO 35-65%

(April 8‑9, 2003)
	RVO 35-65%

(March 16‑18, 2004)
	No. 2 Low
Sulfur Diesel
Equivalent

	TC=ECx1.3
  (µg/m3)
	693
	480
	263
	387

	TC=EC+OC

  (µg/m3)
	626
	439
	265
	349

	Airflow

  (cfm)
	259,000
	256,000
	464,000
	464,000


Significant changes had been made in the mine which would affect mine DPM concentrations from the 2003 study.  In particular, the airflow rates were greatly increased from 2003 to 2004.  Consequently, it is expected that concentrations would change inversely proportional to airflow rates; i.e. if airflows are increased by a particular percentage, concentrations should be reduced by that percentage.  To determine if the increased airflow resulted in reduced concentrations, a comparison was made between the RVO 35‑65%April 2003 study and RVO 35-65% March 2004 study.  It was found that the RVO 35-65% concentration ratio was inversely proportional to the airflow ratio.  From 2003 to 2004 there was approximately an 80% increase in airflow and a resultant 80% decrease in RVO 35-65% concentration for TC = EC x 1.3.  Based upon this consistency in percentage change in both airflow and concentration, it is shown that the change in baseline RVO 35‑65% concentration is entirely due to the increase in airflow rate.
Utilizing the result that the concentration ratio was inversely proportional to the airflow ratio, the No. 2 low sulfur diesel fuel equivalent could be calculated.  The No. 2 low sulfur diesel fuel equivalent was calculated by multiplying the No. 2 low sulfur diesel fuel concentration from the March 2003 study by the change in airflow from No. 2 low sulfur diesel fuel study in March 2003 and the RVO 35-65% fuel study in March 2004.  This resulted in equivalent 2004 baseline concentrations of 387 µg/m3 for TC = EC x 1.3 and 349 µg/m3 for TC = EC + OC as shown in the far right column of Table 3.  Table 4 shows the total concentrations and percent reductions for the area sampling of the No. 2 low sulfur diesel fuel equivalent and both the PuriNOx winter and summer blend fuels (DPM concentrations from Table 1) using TC = EC x 1.3 and TC = EC + OC.

Table 4.
Total Concentrations and Percent Reductions for the Area Sampling of the 


No. 2 Low Sulfur Diesel Fuel Equivalent Compared to the PuriNOx Winter 


Blend (10% Water) Fuel and PuriNOx Summer Blend (20% Water) Fuel
	
	No. 2 Low
Sulfur Diesel
Equivalent
	Winter Blend
PuriNOx

(10% Water)
	Summer Blend

PuriNOx

(20% Water)

	TC=ECx1.3

  (µg/m3)
	387
	143
	103

	Percent

Reduction
	---
	    63%
	    73%

	TC=EC+OC

  (µg/m3)
	349
	146
	122

	Percent

Reduction
	---
	    58%
	    65%


The PuriNOx winter blend (10% water) fuel resulted in a decrease of 63% for TC = EC x 1.3 and 58% for TC = EC + OC.  The PuriNOx summer blend (20% water) fuel resulted in a decrease of 73% for TC = EC x 1.3 and 65% for TC = EC + OC.  The utilization of the PuriNOx winter and summer blend fuels has shown to substantially decrease the DPM concentration levels.
FINDINGS AND CONCLUSIONS

The three-part diesel particulate survey was conducted to evaluate the effectiveness of using PuriNOx winter blend and summer blend fuels in an underground mine.  The following is a summary of DPM concentrations using TC = EC x 1.3 found from the three-phase study:
1. The average weighted TWA of the return was 263 µg/m3 for the baseline study (RVO 35-65% fuel), 143 µg/m3 for the PuriNOx winter blend fuel study, and 103 µg/m3 for the PuriNOx summer blend fuel study.  This indicated a 46% reduction in DPM from the RVO 35‑65% blend fuel to the PuriNOx winter blend fuel and a 61% reduction in DPM from the RVO 35‑65% blend fuel to the PuriNOx summer blend fuel.
2. The area samples placed on the outside of the equipment have shown a 41% to 49% reduction in DPM concentrations from the baseline study (RVO 35-65% fuel) to the PuriNOx winter blend fuel study.  The area samples placed on the outside of the equipment have shown a 25% to 70% reduction in DPM concentrations from the baseline study (RVO 35-65% fuel) to the PuriNOx summer blend fuel study.
3. Utilizing a previous study conducted in March and April 2003, the PuriNOx 
winter blend fuel reduces DPM concentration by 63% over the No. 2 low sulfur diesel fuel and the PuriNOx summer blend fuel reduces DPM concentration by 73% over the No. 2 low sulfur diesel fuel for TC = EC x 1.3. 
Appendix A.
Underground Diesel Equipment List
	ID
	Purchase

Date
	Description
	Engine

Make
	Engine

Model
	Model
	Serial

Number
	HP
	Engine Serial
Number

	Drill-Heading

	02 013
	05/26/92
	Cannon Drill - 200252
	Cat
	3406
	DPH-HD
	200252
	375
	90U19878

	02 014
	02/28/94
	Cannon Drill - 200399
	Cat
	3406
	DPH-HD
	200399
	375
	90U19962

	Drill-Bench

	03 001
	03/20/96
	SCH5000D Gardner Denver
	Cat
	3306
	SCH5000D
	1G02R32
	250
	64Z19902

	03 003
	07/18/97
	SCH5000D Gardner Denver
	Cat
	3306
	SCH5000D
	1Y02L98
	250
	64Z24937

	Blasting

	04 008
	05/02/96
	Getman Powder Wagon
	Cat
	3304
	2-500ER
	6490
	125
	04B27207

	04 009
	05/02/94
	Cat 769C Powder Rig
	Cat
	3408
	769C
	01X05412
	450
	48W22630

	04 009
	02/02/03
	Pony Motor
	John Deere
	4045
	4045HF275
	Fabricated
	100
	PE4045H252534

	04 009
	
	Air Compressor
	Quincy
	
	5120LVD
	
	
	

	Hauling

	06 014
	01/23/89
	769C Cat Haul Truck
	Cat
	3408
	769C
	01X03364
	450
	48W21183

	06 015
	02/15/90
	769C Cat Haul Truck
	Cat
	3408
	769C
	01X03934
	450
	48W19410

	06 016
	03/21/90
	769C Cat Haul Truck
	Cat
	3408
	769C
	01X05083
	450
	48W18987

	06 018
	07/05/94
	771C Cat Haul Truck
	Cat
	3408
	771C
	3BJ00089
	450
	48W36157

	06 019
	12/05/94
	771C Cat Haul Truck
	Cat
	3408
	771C
	3BJ00217
	450
	48W37985

	06 020
	10/29/96
	771D Cat Haul Truck
	Cat
	3408
	771D
	6JR00128
	450
	99C01562

	06 021
	07/31/03
	771D Cat Haul Truck
	Cat
	3408
	771D
	BCA00168
	450
	5XD01209

	06 022
	10/01/03
	771D Cat Haul Truck
	Cat
	3408
	771D
	BCA00223
	450
	5XD01516


Appendix A (continued).
Underground Diesel Equipment List
	ID
	Purchase

Date
	Description
	Engine

Make
	Engine

Model
	Model
	Serial

Number
	HP
	Engine Serial
Number

	Loading

	09 232
	01/23/89
	988B Cat Loader
	Cat
	3408
	988B
	50W02382
	400
	4822190

	09 234
	01/23/89
	988B Cat Loader
	Cat
	3408
	988B
	50W10047
	400
	48W25048

	09 235
	06/23/94
	988B Cat Loader
	Cat
	3408
	988B
	50W11448
	400
	48W34587

	09 236
	07/08/94
	988F Cat Loader
	Cat
	3408
	988F
	8YG00088
	400
	48W36575

	09 237
	09/12/97
	966F Cat Loader
	Cat
	3306
	966F
	1SL00889
	400
	08Z77784

	09 238
	07/18/03
	980G Cat Loader
	Cat
	3406
	980G
	AWH00884
	400
	BET03794

	Roof Bolting

	10 007
	02/08/95
	Cannon 200523
	Cat
	3304
	DPI-HD-RV
	200523
	125
	02B17993

	10 008
	03/01/98
	Cannon 201119
	Cat
	3304
	DPI-HD-MB
	201119
	125
	02B18107

	10 009
	05/01/01
	Cannon 201731
	Cat
	3304
	DPI-HD-MB
	201729
	125
	02B18190

	Scaler

	11 009
	07/09/95
	315L Cat Scaler
	Cat
	3046
	315L
	6YM00297
	150
	5XK30851

	11 010
	10/09/96
	318 Cat Scaler
	Cat
	3116
	M318
	8AL00704
	150
	4TF65354

	11 011
	12/05/96
	318 Cat Scaler
	Cat
	3116
	M318
	8AL00705
	150
	4TF65572

	11 012
	01/04/02
	320BL Cat Scaler
	Cat
	3066
	320BL
	6CR04420
	150
	7JK40061

	11 014
	06/25/03
	320CL Cat Scaler
	Cat
	3066
	320CL
	PAB00375
	150
	7JK64156

	12 007
	01/31/94
	Gradall Scaler
	Cummins
	402
	XL5110
	515105
	150
	60212310

	12 008
	10/07/94
	Gradall Scaler
	Cummins
	402
	XL5110
	519109
	150
	60207696


Appendix A (continued).
Underground Diesel Equipment List
	ID
	Purchase

Date
	Description
	Engine

Make
	Engine

Model
	Model
	Serial

Number
	HP
	Engine Serial
Number

	Tractors

	26 050
	09/06/88
	Tractor
	Ford
	
	3910
	BB15572
	  45
	C952318

	26 052
	03/23/93
	Tractor
	Ford
	
	4000
	BC57306
	  45
	D447485

	26 101
	03/23/93
	Tractor
	Ford
	
	4600
	C483432
	  45
	D006595

	26 102
	03/23/93
	Tractor
	Ford
	
	3910
	BB15510
	  45
	C955560

	26 104
	02/19/91
	Tractor
	Ford
	
	3930
	BC57307
	  45
	C265193

	26 105
	02/28/91
	Tractor
	Ford
	
	3930
	C467257
	  45
	C265182

	26 106
	12/01/92
	Tractor
	Ford
	
	3930
	BC19462
	  45
	C358452

	26 107
	07/20/94
	Tractor
	Ford
	
	3930
	BD72258
	  45
	C459044

	26 108
	10/20/94
	Tractor
	Ford
	
	3930
	BD77505
	  45
	C468701

	26 216
	09/06/88
	Engineering Tractor
	Ford
	
	4600
	DA2146
	  45
	D331080

	26 217
	03/23/93
	Tractor
	John Deere
	
	2040
	3554096
	  45
	422873CD

	26 218
	03/23/93
	Tractor
	Ford
	
	3930
	BD19693
	  45
	C356686

	26 219
	02/05/95
	Tractor
	Ford
	
	3930
	BD77687
	  45
	C421256

	26 220
	09/26/95
	Tractor
	Ford
	
	3930
	BE03977
	  45
	BB5423165C21

	26 221
	08/26/96
	Tractor
	Kubota
	
	M5030
	M530-20811
	  45
	9809-DI-A111918

	26 222
	08/26/96
	Tractor
	Kubota
	
	M5030
	M530-20844
	  45
	S2802-DI-A112599

	26 224
	12/16/98
	Tractor
	Kubota
	
	M5400
	M540-30091
	  45
	F2808-WD2687


Appendix A (continued).
Underground Diesel Equipment List
	ID
	Purchase

Date
	Description
	Engine

Make
	Engine

Model
	Model
	Serial

Number
	HP
	Engine Serial
Number

	Others

	20 003
	06/28/94
	12G Cat Grader
	Cat
	3306
	12G
	61M13934
	250
	O8759313

	36 010
	09/06/88
	EimcoLoader
	Cat
	3304
	1W2468
	913-0691
	125
	C2B17201

	36 016
	05/14/93
	Integrated Tool Carrier
	Cat
	3114
	1T18F
	6ZF00104
	100
	2FG07077

	36 017
	04/15/94
	Cat 769C Water Truck
	Cat
	3408
	769C
	01X00856
	450
	48W13628

	36 019
	11/12/96
	613C Cat Water Truck
	Cat
	3116
	613C
	8LJ00855
	150
	98Z31572

	36 108
	01/02/95
	JCB
	Cat
	
	JCB510-40
	51040SE0572956
	  68
	666389Y

	36 109
	02/14/95
	P&H Crain
	Cummins
	402
	CN122D
	57000
	  97
	45019708

	36 021
	08/16/98
	Getman Man Lift
	Cat
	3304
	2-500ER
	6576
	125
	O2B18154

	36 110
	01/23/89
	Grease Rig (06013 Truck)
	Cat
	3408
	769C
	01X03969
	450
	48W24234

	36 110
	
	Air Compressor
	Quincy
	
	5120LVD
	
	
	

	36 111
	01/02/02
	Portable Grease Rig Engine
	Deutz
	
	MD191-EPA
	Fabricated
	  10
	4504495

	36 111
	
	Air Compressor
	Quincy
	
	PLT-7.5
	
	
	

	36 605
	07/10/03
	Manitou
	Perkins
	
	MSI 30D
	180803
	  50
	CP81120

	27 001
	09/02/96
	Water Pump
	Deutz
	
	14C20-F3L
	1177844
	  10
	

	27 002
	09/02/96
	Water Pump
	Lister
	
	14A2-T52 S/G
	1047988
	  10
	

	36-042
	09/16/88
	Sullair Compressor
	John Deere
	
	185-DPQ-JD
	004-113684
	  35
	CD4039D155628

	36-028
	03/23/93
	Miller Welder
	Continental
	
	Big Blue 50
	KE706718
	  25
	94070635

	36 029
	11/01/02
	Miller Welder
	Deutz
	
	Big Blue 251D
	KF965866
	  25
	00088414


Appendix B.
Raw Data for Area Samples, March 16-18, 2004

(Powder truck, haul truck, face drill, loader, and roof bolter samples were 

placed on the outside of the equipment.)
	
	TWA

	Date

Sampled
	Area

Sampled
	Sampling

Time

(min)
	Airflow

(cfm)
	TC=ECx1.3

(µg/m3)
	TC=EC+OC

(µg/m3)

	3/16/04
	powder truck
	555
	
	501
	485

	3/16/04
	haul truck
	580
	
	454
	422

	3/16/04
	face drill
	555
	
	362
	375

	3/16/04
	loader
	595
	
	574
	557

	3/16/04
	roof bolter
	555
	
	305
	338

	3/16/04
	intake north side
	463
	
	    0
	    1

	3/16/04
	intake Silver Bullet
	423
	  
	    0
	    0

	3/16/04
	south side exhaust
	443
	  76,000
	  64
	  59

	3/16/04
	south side exhaust
	443
	  76,000
	  72
	  62

	3/16/04
	main exhaust
	438
	242,000
	321
	316

	3/16/04
	main exhaust
	438
	242,000
	278
	275

	3/16/04
	belt slope
	399
	114,000
	269
	260

	3/16/04
	belt slope
	399
	114,000
	284
	243

	3/17/04
	powder truck
	575
	
	505
	530

	3/17/04
	haul truck
	585
	
	555
	538

	3/17/04
	face drill
	555
	
	461
	484

	3/17/04
	loader
	590
	
	583
	596

	3/17/04
	roof bolter
	555
	
	294
	313

	3/17/04
	intake north side
	449
	
	    0
	    2

	3/17/04
	intake Silver Bullet
	434
	  
	    0
	    2

	3/17/04
	south side exhaust
	442
	117,000
	  94
	  82

	3/17/04
	south side exhaust
	442
	117,000
	  80
	  83

	3/17/04
	main exhaust
	423
	233,000
	263
	268

	3/17/04
	main exhaust
	423
	233,000
	318
	309

	3/17/04
	belt slope
	455
	124,000
	351
	337

	3/17/04
	belt slope
	455
	124,000
	375
	349


Appendix B (continued).
Raw Data for Area Samples, March 16-18, 2004



(Powder truck, haul truck, face drill, loader, and roof bolter 



samples were placed on the outside of the equipment.)
	
	TWA

	Date

Sampled
	Area

Sampled
	Sampling

Time

(min)
	Airflow

(cfm)
	TC=ECx1.3

(µg/m3)
	TC=EC+OC

(µg/m3)

	3/18/04
	powder truck
	560
	
	587
	616

	3/18/04
	haul truck
	450
	
	440
	432

	3/18/04
	face drill
	545
	
	533
	525

	3/18/04
	loader
	570
	
	475
	449

	3/18/04
	roof bolter
	445
	
	602
	647

	3/18/04
	intake north side
	442
	
	    5
	    1

	3/18/04
	intake Silver Bullet
	431
	
	    0
	    0

	3/18/04
	south side exhaust
	430
	108,000
	  62
	  63

	3/18/04
	south side exhaust
	430
	108,000
	  67
	  65

	3/18/04
	main exhaust
	423
	247,000
	358
	428

	3/18/04
	main exhaust
	423
	247,000
	337
	341

	3/18/04
	belt slope
	423
	129,000
	341
	355

	3/18/04
	belt slope
	423
	129,000
	343
	354


Note:
On 3/16/04 and 3/17/04 the roof bolter was moving around working at 

different locations of the mine.  On 3/18/04 the roof bolter was working at a 

blind heading bolting at the face.

Appendix B (continued).
Raw Data for Area Samples, April 13-14, 2004




(Powder truck, haul truck, face drill, loader, and roof bolter 



samples were placed on the outside of the equipment.)
	
	TWA

	Date

Sampled
	Area

Sampled
	Sampling

Time

(min)
	Airflow

(cfm)
	TC=ECx1.3

(µg/m3)
	TC=EC+OC
(µg/m3)

	4/13/04
	powder truck
	528
	
	322
	347

	4/13/04
	haul truck
	544
	
	259
	271

	4/13/04
	face drill
	530
	
	334
	339

	4/13/04
	loader *
	481
	
	  19
	  49

	4/13/04
	roof bolter 
	460
	
	281
	331

	4/13/04
	intake north side
	350
	
	  28
	  29

	4/13/04
	intake Silver Bullet
	325
	
	  45
	  48

	4/13/04
	south side exhaust
	336
	  56,000
	  37
	  41

	4/13/04
	south side exhaust
	336
	  56,000
	  35
	  37

	4/13/04
	main exhaust
	334
	228,000
	259
	273

	4/13/04
	main exhaust
	334
	228,000
	229
	236

	4/13/04
	belt slope
	309
	120,000
	264
	260

	4/13/04
	belt slope
	309
	120,000
	272
	271

	4/14/04
	powder truck
	538
	
	268
	317

	4/14/04
	haul truck
	553
	
	231
	244

	4/14/04
	face drill
	462
	
	201
	240

	4/14/04
	loader
	560
	
	302
	312

	4/14/04
	roof bolter
	561
	
	141
	206

	4/14/04
	intake north side
	425
	
	    0
	    5

	4/14/04
	intake Silver Bullet
	425
	
	    0
	  17

	4/14/04
	south side exhaust
	421
	  98,000
	  44
	  37

	4/14/04
	south side exhaust
	421
	  98,000
	  46
	  38

	4/14/04
	main exhaust
	417
	212,000
	166
	186

	4/14/04
	main exhaust
	417
	212,000
	158
	179

	4/14/04
	belt slope
	407
	116,000
	181
	192

	4/14/04
	belt slope
	407
	116,000
	179
	187


* Broken cassette.
Note:  Roof bolter started working at 1:00 p.m. on 4/13/04 and 4/14/04.

Appendix B (continued).
Raw Data for Area Samples, May 25-26, 2004




(Powder truck, haul truck, face drill, loader, and roof bolter



samples were placed on the outside of the equipment.)
	
	TWA

	Date

Sampled
	Area

Sampled
	Sampling

Time

(min)
	Airflow

(cfm)
	TC=ECx1.3

(µg/m3)
	TC=EC+OC

(µg/m3)

	5/25/04
	powder truck
	559
	
	297
	368

	5/25/04
	haul truck
	545
	
	  77
	  94

	5/25/04
	face drill
	534
	
	344
	410

	5/25/04
	loader
	541
	
	  49
	79

	5/25/04
	roof bolter
	537
	
	303
	405

	5/25/04
	intake north side
	307
	
	    0
	    0

	5/25/04
	intake Silver Bullet
	463
	
	    4
	    8

	5/25/04
	south side exhaust **
	375
	  59,000
	  20
	  69

	5/25/04
	south side exhaust
	375
	  59,000
	  20
	  26

	5/25/04
	main exhaust
	429
	181,000
	145
	185

	5/25/04
	main exhaust
	429
	181,000
	174
	200

	5/25/04
	belt slope
	508
	119,000
	152
	167

	5/25/04
	belt slope
	508
	119,000
	156
	173

	5/26/04
	powder truck
	601
	
	293
	344

	5/26/04
	haul truck
	565
	
	235
	257

	5/26/04
	face drill
	567
	
	336
	365

	5/26/04
	loader
	565
	
	272
	308

	5/26/04
	roof bolter
	550
	
	265
	317

	5/26/04
	intake north side
	375
	
	    0
	    4

	5/26/04
	intake Silver Bullet
	359
	
	    0
	    0

	5/26/04
	south side exhaust
	338
	  72,000
	  23
	  30

	5/26/04
	south side exhaust
	338
	  72,000
	  25
	  37

	5/26/04
	main exhaust
	382
	199,000
	133
	169

	5/26/04
	main exhaust
	382
	199,000
	152
	169

	5/26/04
	belt slope
	346
	123,000
	153
	180

	5/26/04
	belt slope
	346
	123,000
	139
	168


** No second filter found in cassette; therefore, second filter was not subtracted out.
� EMBED Equation.3  ���
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