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Dust Division

MEMORANDUM FOR
MICHAEL A. DAVIS


District Manager, Metal and Nonmetal Mine Safety and Health,

Southeastern District, Birmingham, Alabama

THROUGH:
EDWARD J. MILLER


Chief, Pittsburgh Safety and Technology Center


ROBERT A. HANEY


Chief, Dust Division 

FROM:
MARK J. SCHULTZ


Chief, Environmental Assessment and Contaminant


Control Branch

SUBJECT:
Diesel Particulate Matter Compliance Assistance Studies at the


Carmeuse Lime & Stone, Inc., Maysville Mine,

I.D. No. 15-07101, Maysville, Mason County, Kentucky

Attached is a report of the results from the diesel particulate compliance assistance visit at the Carmeuse Lime & Stone, Inc., Maysville Mine, I.D. No. 15-07101, Maysville, Mason County, Kentucky.  The study was conducted to evaluate the effectiveness of using a PuriNOx fuel, which is a water-blended diesel fuel emulsion, to reduce diesel particulate emissions and personal exposure in an underground metal and nonmetal mine.  A PuriNOx summer blend (20% water) fuel study was conducted on May 25 and 26, 2004.  A 35-65% recycled vegetable oil based biodiesel fuel mixture (baseline study) was performed on January 6 and 7, 2004 and a PuriNOx winter blend (10% water) fuel study was performed on February 2 and 3, 2004.

If you have any questions regarding this study, please contact this office at (412) 386‑6807.
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UNITED STATES

DEPARTMENT OF LABOR

MINE SAFETY AND HEALTH ADMINISTRATION
Environmental Diesel Particulate Matter Investigation

PS&HTC-DD-04-429
Maysville Mine

Carmeuse Lime & Stone, Inc.

Maysville, Mason County, Kentucky

Mine I.D. No. 15-07101
May 25 – 26, 2004
by

Mark J. Schultz

Supervisory Mining Engineer
and

Deborah M. Tomko

Industrial Engineer

Objective

To evaluate the effectiveness of using a PuriNOx summer blend fuel, which is a water-blended diesel fuel emulsion, on diesel particulate emissions and personal 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 May 2004, a diesel particulate survey was conducted at the underground Maysville Mine, I.D. No. 15-07101, Maysville, Mason County, Kentucky.  The purpose of the study was to evaluate the effectiveness of using a PuriNOx summer blend fuel, which is a water-blended diesel fuel emulsion, to reduce diesel particulate emissions and personal exposures in an underground metal and nonmetal mine.  The surveys were jointly conducted by Mine Safety and Health Administration (MSHA) personnel and Carmeuse Lime & Stone, Inc. personnel.  The surveys were conducted at the request of the District Manager, Metal and Nonmetal Mine Safety and Health, Southeastern District.  The MSHA personnel involved in the study were Mark J. Schultz, Supervisory Mining Engineer, and Deborah M. Tomko, Industrial Engineer, Dust Division, Pittsburgh Safety and Health Technology Center.  A PuriNOx summer blend (20% water) fuel study was conducted on May 25 and 26, 2004.  The summer blend fuel was compared to a 35-65% recycled vegetable oil (RVO) based biodiesel fuel mixture (baseline study) performed on January 6 and 7, 2004 and a PuriNOx winter blend (10% water) fuel study performed on February 2 and 3, 2004.
BACKGROUND

The Maysville Mine, located in Mason County, Kentucky, is an underground limestone mine owned and operated by Carmeuse Lime & Stone, Inc.  The Camp Nelson Limestone formation is mined.  The mine operates two 10-hour production shifts per day to produce approximately 3.5 million tons of limestone annually.  The active mining area is approximately 1,000-feet deep.  Mined entries are approximately 45 to 50 feet wide with the final mining height ranging from 50 to 60 feet.  The limestone deposit is mined using a regular room-and-pillar, heading-and-bench mining method.  The headings are approximately 20 to 24 feet high and the bench ranges in height from 30 to 40 feet.  This process results in a mine layout consisting of an upper level, which eventually was shot down to the lower level creating room heights of about 60 feet.

A conventional mining system, where the limestone is drilled and blasted, was used to advance heading or mine the benches.  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 each shift.  A 2-hour 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 40-ton haulage trucks.  The trucks transported the material to a crusher and a belt feeder.  The conveyor system carried the stone from the crusher area and out of the mine via an 18o 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, roof bolters, face drills, a grader, a dozer, a water truck, service trucks, an explosives truck, fork lifts, and tractors.  All major production vehicles are equipped with oxidation catalytic converters except for truck 605.  A list of all underground equipment is shown in Appendix A.

Primary airflow was induced into the mine using ventilation fans located underground at the base of two vertical intake shafts.  The intakes were the elevator shaft and the 1 West shaft, located off of the M-roadway in 1 West drift between panel 4 North and 4 South.  Each fan installation consisted of a set of fans that worked in parallel with each other, installed side-by-side.

The intake air entered the mine at the elevator shaft and the 1 West intake shaft.  Air was then coursed to the working areas by air walls.  Air walls were constructed of conveyor belting material approximately 10-feet long and anchored to the mine roof.  Recycled fines, or waste rock, that had been brought back into the mine were then placed under the belting to complete the air wall.  Freestanding auxiliary fans, which had no ductwork or tubing, assisted ventilating the working panels.  Intake air was coursed throughout the mine to two exhaust areas:  an exhaust shaft and the belt slope.  An average airflow of 573,000 cfm was measured exhausting out of the main exhaust shaft and an average of 269,000 cfm was measured exhausting out of the slope during the PuriNOx summer blend sampling.  The exhaust shaft was located between 1 North and 2 North panels and the slope was located near the elevator shaft.
The Maysville Mine started using the PuriNOx summer blend fuel in all of their equipment on May 3, 2004.  This permitted the mine to utilize the new fuel throughout their equipment for approximately three weeks before the PuriNOx summer blend study was performed.  The #1127 scaler, #210 face drill and the #1015 roof bolter experienced problems operating with the PuriNOx fuel and were switched back to No. 2 low sulfur fuel.  Mine maintenance personnel feel that the operational problems associated with these pieces of equipment with the PuriNOx fuel is associated with the fuel injectors and may be due to shim replacement problems during injector replacement.   Maintenance personnel stated that since the switch over to the PuriNOx fuel, they have been replacing a lot of injectors, fuel filters, strainers, glass bowls, wire mesh strainers, and performing numerous tune-ups on engines.  They also noted that water traps cannot be used with the PuriNOx fuel.  

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.  Since water does not have any energy content, power loss can occur.  
SAMPLING AND ANALYTICAL PROCEDURE

Six area and five personal samples were collected during each day of the two-phase study.  Area samples were collected at two main intake locations:  one at the bottom of the elevator shaft and one at the outlet end of the dual intake fans located at the 1 West shaft.  Return samples were also taken:  two side-by-side samples at the bottom of the return shaft and another two side-by-side samples approximately 400 feet up the slope entry.

Five personal samples were collected on each day and included a loader operator, a truck operator, a high scaler, a roof bolter operator, a downhole driller (first day of sampling), and an ANFO truck operator (second day of sampling).  Smoking was permitted underground in the mine.  There were not enough nonsmokers working production, therefore smokers and nonsmokers were selected for sampling.

Individual area and personal 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 MSA Elf® pumps calibrated and operated at 1.7 liters per minute (Lpm) of airflow.

The airborne carbon samples were analyzed by MSHA Pittsburgh 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:


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).  For MSHA enforcement activities, normal MSHA Metal and Nonmetal protocol is to base all personal samples as shift weighted averages (SWA’s).  SWA calculations use 480 minutes as the sampled time regardless of the time sampled.  The personal samples are reported as SWA’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 fan, intake shaft, return slope, and return shaft for both TC = EC x 1.3 and TC = EC + OC and the average return airflows for the PuriNOx summer blend (20% water) fuel sampling.  The weighted returns were calculated by multiplying the individual concentrations by the associated airflow then dividing the sum of these two products by the total airflow.  The return DPM concentrations were then adjusted for the intake concentrations.  These values were compiled from Appendix B, which contains the raw data concentrations measured during each day of the study for the area samples.  The PuriNOx summer blend (20% water) fuel was compared to a previous two-part study performed in January and February 2004, which are also shown in Table 1.  The RVO 35-65% fuel (baseline) study was performed on January 6 and 7, 2004 and the PuriNOx winter blend (10% water) fuel study was performed on February 2 and 3, 2004.  The return DPM concentrations for both the PuriNOx winter and summer blend studies were then 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 fuel and summer blend fuel sampling.  TWA’s were used for the area samples.
The average intake concentrations for the baseline study were 21 µg/m3 for TC = EC x 1.3 and 35 µg/m3 for TC = EC + OC.  The average intake concentrations for the PuriNOx winter blend fuel study were 14 µg/m3 for TC = EC x 1.3 and 11 µg/m3 for TC = EC + OC.  The average intake concentrations for the PuriNOx summer blend fuel study were 12 µg/m3 for TC = EC x 1.3 and 23 µg/m3 for TC = EC + OC.
The return airflow averaged 977,000 cfm during the baseline study, 918,000 cfm during the PuriNOx winter blend fuel study, and 842,000 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 252 µg/m3 for TC = EC + OC.  The weighted return concentrations for the PuriNOx winter blend fuel study were 138 µg/m3 for TC = EC x 1.3 and 128 µg/m3 for TC = EC + OC.  The weighted return concentrations for the PuriNOx summer blend fuel study were 125 µg/m3 for TC = EC x 1.3 and 126 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 243 µg/m3 for TC = EC x 1.3 and 217 µg/m3 for TC = EC + OC.  The weighted return concentrations for the PuriNOx winter blend fuel study were 124 µg/m3 for TC = EC x 1.3 and 117 µg/m3 for TC = EC + OC.  The weighted return concentrations for the PuriNOx summer blend fuel study were 113 µg/m3 for TC = EC x 1.3 and 103 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 6% decrease in airflow from the baseline study to the PuriNOx winter blend fuel study and a 13.8%decrease in airflow from the baseline study to the PuriNOx summer blend fuel study.  Since the quantity of air ventilating a mine is inversely proportional to the weighted return DPM concentrations, the results of the studies were normalized to the baseline air quantities.  The normalized weighted return concentrations for the PuriNOx winter blend fuel study were 117 µg/m3 for TC = EC x 1.3 and 110 µg/m3 for TC = EC + OC.  The normalized weighted return concentrations for the PuriNOx summer blend fuel study were 97 µg/m3 for TC = EC x 1.3 and 89 µg/m3 for TC = EC + OC.  Using the normalized weighted return data, the PuriNOx winter blend fuel indicated a reduction from the baseline RVO 35-65% blend fuel of 52% for TC = EC x 1.3 and a reduction of 49% for TC = EC + OC.  Using the same data, the PuriNOx summer blend fuel indicated a reduction from the baseline RVO 35-65% blend fuel of 60% for TC = EC x 1.3 and a reduction of 59% for TC = EC + OC.
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
	Fan
	
	  39
	  55
	
	  27
	  21
	
	  24
	  45

	
	Shaft
	
	    3
	  15
	
	    0
	    0
	
	    0
	    0

	
	Average Intake
	
	  21
	  35
	
	  14
	  11
	
	  12
	  23

	Return
	Slope
	248,000
	132
	149
	233,000
	  97
	  97
	269,000
	102
	114

	
	Shaft
	729,000
	309
	287
	685,000
	152
	139
	573,000
	136
	132

	
	Weighted Return
	
	264
	252
	
	138
	128
	
	125
	126

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

	Return
	Slope
	248,000
	111
	114
	233,000
	  83
	  86
	269,000
	  90
	  91

	
	Shaft
	729,000
	288
	252
	685,000
	138
	128
	573,000
	124
	109

	
	Total Airflow

  (cfm)
	977,000
	
	
	918,000
	
	
	842,000
	
	

	
	Weighted Return
	
	243
	217
	
	124
	117
	
	113
	103

	
	Weighted

Return

Normalized
	
	243
	217
	
	117
	110
	
	  97
	  89

	
	Percent Reduction

from Baseline
	
	---
	---
	
	    52%
	    49%
	
	    60%
	    59%


Figure 1 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 personal sample DPM concentrations of the loader operator, truck operator, high scaler, roof bolter operator, downhole driller, and the ANFO truck operator from the previous two-part study completed in January and February 2004 and this PuriNOx summer blend fuel study.  The values from the PuriNOx summer blend fuel study were compiled from Appendix B, which contains the raw data concentrations measured during each day of the study for the personal samples.  SWA’s were used for the personal samples.
Table 2.
Average Personal Sample DPM Concentrations
	
	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)

	Loader
	  91
	114
	  99
	241
	  72
	  83

	Truck
	120
	139
	---
	---
	130
	134

	High Scaler
	254
	291
	145
	187
	128
	196

	Roof Bolter
	219
	252
	141
	201
	161
	174

	Downhole Driller
	---
	---
	---
	---
	  55
	  58

	ANFO Truck
	216
	244
	148
	144
	114
	122

	Percent Reduction from Baseline

	Loader
	---
	---
	    -9%
	-111%
	    21%
	    27%

	Truck
	---
	---
	---
	---
	     -8%
	      4%

	High Scaler
	---
	---
	  43%
	   36%
	     50%
	    33%

	Roof Bolter
	---
	---
	  36%
	   20%
	     26%
	    31%

	Downhole Driller
	---
	---
	---
	---
	---
	---

	ANFO Truck
	---
	---
	  31%
	   41%
	     47%
	    50%


The loader operator’s average concentrations for the baseline study were 91 µg/m3 for TC = EC x 1.3 and 114 µg/m3 for TC = EC + OC.  The PuriNOx winter blend fuel study concentrations were 99 µg/m3 for TC = EC x 1.3 and 241 µg/m3 for TC = EC + OC.  The PuriNOx summer blend fuel study concentrations were 72 µg/m3 for TC = EC x 1.3 and 83 µg/m3 for TC = EC + OC.  There was an increase from the baseline study to the PuriNOx winter blend fuel study.  The results showed an increase of 9% for TC = EC x 1.3 and 111% for TC = EC + OC.  The loader operator during the baseline study was a nonsmoker while the loader operator during the PuriNOx winter blend fuel study was a smoker.  The smoking inside an environmental cab would have contributed in the increased results.  The PuriNOx summer blend fuel showed a decrease of 21% for TC = EC x 1.3 and 27% for TC = EC + OC. 
The truck operator’s average concentrations for the baseline study were 120 µg/m3 for TC = EC x 1.3 and 139 µg/m3 for TC = EC + OC.  The first day (2/2/04) of the PuriNOx winter blend fuel study was voided due to a malfunctioning pump.  The second day (2/3/04) of the PuriNOx winter blend fuel study was voided due to a broken filter cassette.  Therefore, a comparison could not be obtained for the truck operator for the PuriNOx winter blend fuel study.  The PuriNOx summer blend fuel study concentrations were 130 µg/m3 for TC = EC x 1.3 and 134 µg/m3 for TC = EC + OC.  The PuriNOx summer blend fuel showed an increase of 8% for TC = EC x 1.3 and a decrease of 4% for TC = EC + OC.
The high scaler’s average concentrations for the baseline study were 254 µg/m3 for TC = EC x 1.3 and 291 µg/m3 for TC = EC + OC.  The PuriNOx winter blend fuel study concentrations were 145 µg/m3 for TC = EC x 1.3 and 187 µg/m3 for TC = EC + OC, which are the results from the second day of sampling (2/3/04).  The first day of sampling (2/2/04) was voided due to a malfunctioning pump.  The PuriNOx summer blend fuel study concentrations were 128 µg/m3 for TC = EC x 1.3 and 196 µg/m3 for TC = EC + OC, which are the results from the second day of sampling (5/26/04).  The first day of sampling (5/25/04) was not included, since the operator did not start working until 2:30 p.m.  The PuriNOx winter blend fuel showed a decrease of 43% for TC = EC x 1.3 and 36% for TC = EC + OC.  The PuriNOx summer blend fuel showed a decrease of 50% for TC = EC x 1.3 and 33% for TC = EC + OC.
The roof bolter operator’s average concentrations for the baseline study were 219 µg/m3 for TC = EC x 1.3 and 252 µg/m3 for TC = EC + OC.  The PuriNOx winter blend fuel study concentrations were 141 µg/m3 for TC = EC x 1.3 and 201 µg/m3 for TC = EC + OC.  The PuriNOx summer blend fuel study concentrations were 161 µg/m3 for TC = EC x 1.3 and 174 µg/m3 for TC = EC + OC.  The PuriNOx winter blend fuel showed a decrease of 36% for TC = EC x 1.3 and 20% for TC = EC + OC.  The PuriNOx summer blend fuel showed a decrease of 26% for TC = EC x 1.3 and 31% for TC = EC + OC.
The downhole driller’s concentrations for the PuriNOx summer blend fuel study were 55 µg/m3 for TC = EC x 1.3 and 58 µg/m3 for TC = EC + OC.  The downhole driller was sampled only the first day (5/25/04) during the PuriNOx summer blend fuel study, since the ANFO truck was not utilized on that particular day.
The ANFO truck operator’s average concentrations for the baseline study were 216 µg/m3 for TC = EC x 1.3 and 244 µg/m3 for TC = EC + OC.  The PuriNOx winter blend fuel study concentrations were 148 µg/m3 for TC = EC x 1.3 and 144 µg/m3 for TC = EC + OC.  The PuriNOx summer blend fuel study concentrations were 114 µg/m3 for TC = EC x 1.3 and 122 µg/m3 for TC = EC + OC.  The ANFO truck operator was only sampled the second day (5/26/04) of the PuriNOx summer blend fuel study, since the ANFO truck was not utilized the first day of sampling (5/25/04).  The PuriNOx winter blend fuel showed a decrease of 31% for TC = EC x 1.3 and 41% for TC = EC + OC.  The PuriNOx summer blend fuel showed a decrease of 47% for TC = EC x 1.3 and 50% for TC = EC + OC.
Figure 2 shows a graph of the average personal samples of DPM concentrations for 

TC = EC x 1.3 of the loader operator, truck operator, high scaler, roof bolter operator, downhole driller, and ANFO truck operator for the surveys.  The PuriNOx winter and summer blend fuels were shown to be effective in the decrease of DPM (EC) exposures for the high scaler operator, roof bolter operator, and ANFO truck operator.  The loader operator, who worked inside an environmental cab, had only a slight increase in DPM exposure with relatively low concentrations in both the baseline and PuriNOx winter blend fuel sampling, but the PuriNOx summer blend fuel had shown to be effective in the decrease of DPM (EC) exposures.  The truck operator had a slight increase in DPM exposure with low concentrations in both the baseline and PuriNOx summer blend fuel sampling.  The exposure reductions were not as great or as consistent as the emission reductions due to the variations in local ventilation at the different locations where the equipment was operated and the use of environmental cabs.
Figure 2.
Graph of Average Personal Sample DPM Concentrations for TC = EC x 1.3
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Because many variables can affect personal sample results, the best indication of the impact of the PuriNOx winter and summer blend fuels are demonstrated by the area samples collected at the exhausts.  The personal samples are effective in determining whether the person sampled would have been in compliance with the current and future DPM regulations.

Table 3 shows a SWA summary of the personal samples indicating how many personal samples would have exceeded the concentration limits of 400 µg/m3 and future 160 µg/m3.

Table 3.
SWA Summary of Personal DPM that Meet or Exceed the Current 


TC = EC x 1.3 Concentration Limits of 400 µg/m3 and Future 160 µg/m3
	Baseline
	Winter Blend PuriNOx

(10% Water)
	Summer Blend PuriNOx

(20% Water)

	Date
	Above 400 µg/m3
Standard
	161 to 399 µg/m3
Standard
	Below 160 µg/m3
Standard
	Date
	Above 400 µg/m3
Standard
	161 to 399 µg/m3
Standard
	Below 160 µg/m3
Standard
	Date
	Above 400 µg/m3
Standard
	161 to 399 µg/m3
Standard
	Below 160 µg/m3
Standard

	1/6/04
	0
	2
	3
	2/2/04
	0
	1
	2
	5/25/04
	0
	0
	4

	1/7/04
	0
	3
	2
	2/3/04
	0
	0
	4
	5/26/04
	0
	1
	4

	Total
	0
	5
	5
	
	0
	1
	6
	
	0
	1
	8


During the baseline study, 0 personal samples exceeded the 400 µg/m3 standard, 5 personal samples were between 161 to 399 µg/m3, and 5 personal samples were below the 160 µg/m3 standard.  The 5 personal samples between 161 to 399 µg/m3 were the high scaler with 2 personal samples, the roof bolter operator with 1 personal sample, and the ANFO truck operator with 2 personal samples.  The 5 personal samples below the 160 µg/m3 standard were the loader operator with 2 personal samples, the truck operator with 2 personal samples, and the roof bolter operator with 1 personal sample.

The PuriNOx winter blend fuel study resulted in 0 personal samples exceeding the 400 µg/m3 standard, 1 personal sample between 161 to 399 µg/m3, and 6 personal samples below the 160 µg/m3 standard.  The 1 personal sample between 161 and 399 µg/m3 was the ANFO truck operator.  The 6 personal samples below the 160 µg/m3 standard were the loader operator with 2 personal samples, the high scaler with 1 personal sample, the roof bolter operator with 2 personal samples, and the ANFO truck operator with 1 personal sample.  The utilization of the PuriNOx winter blend fuel has decreased DPM concentration levels to below 160 µg/m3 for 6 of the 7 personal samples.
The PuriNOx summer blend fuel study resulted in 0 personal samples exceeding the 400 µg/m3 standard, 1 personal sample between 161 to 399 µg/m3, and 8 personal samples below the 160 µg/m3 standard.  The 1 personal sample between 161 and 399 µg/m3 was the roof bolter.  The 8 personal samples below the 160 µg/m3 standard were the loader operator with 2 personal samples, the truck operator with 2 personal samples, the high scaler with 1 personal sample, the roof bolter with 1 personal sample, the downhole driller with 1 personal sample, and the ANFO truck operator with 1 personal sample.  The utilization of the PuriNOx summer blend fuel has decreased DPM concentrations levels to below 160 µg/m3 for 8 of the 9 personal samples.
The baseline study was conducted while the mine was using an RVO 35-65% fuel blend.  Previous studies compared RVO 20-80% and RVO 50-50% fuel blends to the No. 2 low sulfur diesel fuel.  A No. 2 low sulfur diesel fuel study was conducted February 4‑6, 2003, an RVO 20-80% study was conducted on December 10-12, 2002, and an RVO 50‑50% study was conducted on January 7-9, 2003.  Table 4 shows the results from those studies.  The return DPM concentrations from these studies were adjusted for the intake concentrations and then adjusted for the decrease in airflow.  There was a 1% decrease in airflow from the No. 2 low sulfur diesel fuel study to the RVO 20-80% fuel study and a 3.8% decrease in airflow from the No. low sulfur diesel fuel study to the RVO 50-50% fuel study.  The normalized weighted return concentrations for the No. 2 low sulfur diesel fuel study were 350 µg/m3 for TC = EC x 1.3 and 318 µg/m3 for TC = EC + OC.  The normalized weighted return concentrations for the RVO 20-80% study were 228 µg/m3 for TC = EC x 1.3 and 215 µg/m3 for TC = EC + OC.  The normalized weighted return concentrations for the RVO 50-50% study were 103 µg/m3 for TC = EC x 1.3 and 112 µg/m3 for TC = EC + OC.  Using the normalized weighted return data, the RVO 20‑80% fuel indicated a reduction of 35% for TC = EC x 1.3 and a reduction of 32% for TC = EC + OC.  Using the same data, the RVO 50-50% fuel indicated a reduction of 71% for TC = EC x 1.3 and a reduction of 65% for TC = EC + OC.
Table 4.
Results from February 4-6, 2003 Study (No. 2 Low Sulfur Diesel Fuel), 


December 10-12, 2002 Study (RVO 20-80% Fuel), and January 7-9, 2003 Study 


(RVO 50-50% Fuel), Return DPM Concentrations Adjusted for Intake 


Concentrations and Weighted Return Normalized to No. 2 Low Sulfur 


Diesel Fuel Air Quantity
	
	No. 2 Low Sulfur Diesel

(February 4-6, 2003)
	RVO 20-80%

(December 10-12, 2002)
	RVO 50-50%

(January 7-9, 2003)

	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
	Fan
	
	    2
	    4
	
	    9
	  12
	
	    4
	    4

	
	Shaft
	
	    2
	    2
	
	    2
	    3
	
	    1
	    5

	
	Average Intake
	
	    2
	    3
	
	    6
	    8
	
	    3
	    5

	Return
	Slope
	249,000
	111
	123
	259,000
	143
	146
	239,000
	  72
	  86

	
	Shaft
	643,000
	446
	398
	624,000
	274
	258
	619,000
	124
	135

	
	Weighted Return
	
	352
	321
	
	236
	225
	
	110
	121

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

	Return
	Slope
	249,000
	109
	120
	259,000
	137
	138
	239,000
	  69
	  81

	
	Shaft
	643,000
	444
	395
	624,000
	268
	250
	619,000
	121
	130

	
	Total Airflow

  (cfm)
	892,000
	
	
	883,000
	
	
	858,000
	
	

	
	Weighted Return
	
	350
	318
	
	230
	217
	
	107
	116

	
	Weighted

Return

Normalized
	
	350
	318
	
	228
	215
	
	103
	112

	
	Percent Reduction

from Baseline
	
	---
	---
	
	    35%
	    32%
	
	    71%
	    65%


The percent reduction for the RVO 35-65% fuel compared to the No. 2 low sulfur diesel fuel was calculated by interpolating the data from the area sampling of the RVO 20-80% fuel percent reduction from December 10-12, 2002 and the area sampling of the RVO 50‑50% fuel percent reduction from January 7-9-2003.  Figure 2 is a graph of the results of the RVO 35-65% fuel interpolation. 

Figure 2.
Graph of the Interpolated RVO 35-65% Percent Reduction using the


RVO 20‑80% Fuel Percent Reduction from December 10-12, 2002 and 


RVO 50-50% Fuel Percent Reduction from January 7-9, 2003
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The interpolated RVO 35-65% percent reductions were 53% for TC =EC x 1.3 and 48.5% for TC = EC + OC.  The interpolated RVO 35-65% percent reduction was used to calculate the estimated RVO 35-65% concentration.  The interpolated RVO 35-65% concentrations were 165 µg/m3 for TC = EC x 1.3 and 164 µg/m3 for TC = EC + OC.  Table 5 shows the total concentrations and percent reductions from the 2002 and 2003 studies (No. 2 low sulfur diesel, RVO 20-80%, and RVO 50-50% fuels) and the interpolated RVO 35-65% with percent reductions using TC = EC x 1.3 and TC = EC + OC.

Table 5.
Total Concentrations and Percent Reductions for the Area Sampling


of the No. 2 Low Sulfur Diesel, RVO 20-80%, Interpolated RVO 35-65%,


and RVO 50-50% Fuels
	
	No. 2 Low 
Sulfur Diesel

(February 4-6, 2003)
	RVO 20-80%

(December 10-12, 2002)
	Interpolated

RVO 35-65%
	RVO 50-50%

(January 7-9, 2003)

	TC=ECx1.3

(µg/m3)
	350
	228
	165
	103

	Percent Reduction
	---
	     35%
	     53%
	     71%

	TC=EC+OC

(µg/m3)
	318
	215
	164
	112

	Percent Reduction
	---
	     32%
	        48.5%
	     65%


Table 6 show the total concentrations and airflows for the area sampling of the No. 2 low sulfur diesel fuel from the 2003 study adjusted for intake concentrations (DPM concentrations from Table 4), the interpolated RVO 35-65% fuel, the RVO 35-65% fuel from the 2004 study (DPM concentrations from Table 1), and the No. 2 low sulfur diesel fuel equivalent using TC = EC x 1.3 and TC = EC + OC.
Table 6.
Total Concentrations and Airflows for the Area Sampling of the No. 2 Low 


Sulfur Diesel Fuel Conducted February 2003 with Intake Concentration 


Adjustments, Interpolated RVO 35-65%, RVO 35-65% Fuel Conducted 

January 2004, and No. 2 Low Sulfur 
Diesel Fuel Equivalent
	
	No. 2 Low 

Sulfur Diesel

(February 4-6, 2003)
	Interpolated

RVO 35-65%
	RVO 35-65%

(January 6-7, 2004)
	No. 2 Low

Sulfur Diesel

Equivalent

	TC=ECx1.3

(µg/m3)
	350
	165
	243
	515

	TC=EC+OC

(µg/m3)
	318
	164
	217
	421

	Airflow

  (cfm)
	892,000
	892,000
	977,000
	977,000


Changes had been made in the mine operations, which would affect mine DPM concentrations from the 2002 and 2003 studies.  This would include newer equipment with cleaner burning engines, complete engine tuning, and improved air walls during the past year.  Also, the quantity of air ventilating the mine changed due to the natural ventilation pressure changes.
A No. 2 low sulfur diesel fuel equivalent was calculated to allow for a comparison of the No. 2 low sulfur diesel fuel to the PuriNOx winter and summer blend fuels.  The No. 2 low sulfur diesel fuel equivalent was calculated by multiplying the No. 2 low sulfur diesel fuel from the February 2003 study by the ratios of the RVO 35-65% fuel from January 2004 and the interpolated RVO 35-65% concentration.  This was performed for both TC = EC x 1.3 and TC = EC + OC.  This resulted in a No. 2 low sulfur diesel fuel equivalent for the 2004 baseline concentrations of 515 µg/m3 for TC = EC x 1.3 and 421 µg/m3 for TC = EC + OC as shown in the far right column of Table 6.  Table 7 shows the total concentrations and percent reductions for the area sampling of the No. 2 low sulfur diesel fuel equivalent (DPM concentrations from Table 6) 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 7.
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) and PuriNOx Summer Blend (20% Water) Fuels

	
	No. 2 Low Sulfur Diesel
Equivalent
	Winter Blend

PuriNOx

(10% Water)
	Summer Blend

PuriNOx

(20% Water)

	TC=ECx1.3

(µg/m3)
	515
	117
	97

	Percent Reduction
	---
	    77%
	   81%

	TC=EC+OC

(µg/m3)
	421
	110
	89

	Percent Reduction
	---
	    74%
	   79%


The PuriNOx winter blend (10% water) fuel resulted in a decrease of 77% for TC = EC x 1.3 and 74% for TC = EC + OC.  The PuriNOx summer blend (20% water) fuel resulted in a decrease of 81% for TC = EC x 1.3 and 79% for TC = EC + OC.
FINDINGS AND CONCLUSIONS

The diesel particulate survey was conducted to evaluate the effectiveness of using a PuriNOx summer blend fuel in an underground mine.  The following is a summary of DPM concentrations using TC = EC x 1.3 found from the PuriNOx summer blend fuel study and the previous two-part study of the RVO 35-65% fuel conducted in January 2004 and the PuriNOx winter blend fuel conducted in February 2004:

1. The average weighted TWA of the return was 243 µg/m3 for the baseline study (RVO 35-65% fuel), 117 µg/m3 for the PuriNOx winter blend fuel study, and 97 µg/m3 for the PuriNOx summer blend fuel study.  This indicated a 52% reduction in DPM from the RVO 35-65% blend fuel to the PuriNOx winter blend fuel and a 60% reduction in DPM from the RVO 35-65% blend fuel to the PuriNOx summer blend fuel.
2. Excluding the loader operator, whose DPM concentrations were affected by an environmental cab, the personal samples have shown a 31% to 43% reduction in DPM concentrations from the baseline study (RVO 35-65% fuel) to the PuriNOx winter blend fuel study.  Excluding the truck operator, the personal samples have shown a 21% to 50% reduction in DPM concentrations from the baseline study (RVO 35-65% fuel) to the PuriNOx summer blend fuel study.
3. An interpolation of the data from the previous RVO fuel blends to the No. 2 low sulfur diesel fuel sampling indicates that the winter blend PuriNOx reduces DPM concentration by 77% over the No. 2 low sulfur diesel fuel and the summer blend PuriNOx reduces DPM concentration by 81% over the No. 2 low sulfur diesel fuel for TC = EC x 1.3.
Appendix A.
Underground Diesel Equipment List

	ID
	Manufacturer
	Model
	Year
	Engine

Model
	HP
	Engine

Manufacturer
	Engine Serial

Number

	        2
	Getman A-64
	Boom Vehicle
	1997
	3304
	  88
	Caterpillar
	04B27202

	  2007
	Atlas Copco Boomer H-237
	Face Drill
	1985
	F6L912W
	  88
	Deutz
	9047051

	  2009
	Atlas Copco Boomer 352WMS
	Face Drill
	1997
	BF4M1013C
	142
	Deutz
	135906

	  2010
	Atlas Copco L1 C-DH Jumbo
	Face Drill
	
	BF6M1013CP
	
	Deutz
	852246

	  3005
	Reedrill SCH5000
	Bench Drill
	1994
	3306B (DITA)
	285
	Caterpillar
	64Z15222

	  3006
	Reedrill SCH5000
	Bench Drill
	1996
	3306B (DITA)
	285
	Caterpillar
	1G02R33

	  4006
	Getman A-64
	Powder Rig
	1997
	3304 PCT
	125
	Caterpillar
	04B27206

	  4007
	Lakeshore UV 11
	Powder Rig
	
	BF4M1013
	112
	Deutz
	

	  6001
	Caterpillar 631D
	Haul Truck
	1982
	3408 (DITA)
	450
	Caterpillar
	48W13227

	  6005
	Caterpillar 631D
	Haul Truck
	1986
	3408 (DITA)
	450
	Caterpillar
	48W17755

	  6008
	Caterpillar 631D
	Haul Truck
	2001
	3408
	450
	Caterpillar
	48W41556

	  6009
	Caterpillar 631G
	Haul Truck
	2001
	3408
	450
	Caterpillar
	5XD00477

	  6010
	Caterpillar 631G
	Haul Truck
	2001
	3408
	450
	Caterpillar
	5XD00478

	  6011
	Caterpillar 631G
	Haul Truck
	
	3408E
	450
	Caterpillar
	5XD01404

	  9003
	Caterpillar 988B
	Loader
	1986
	3408 DIT
	375
	Caterpillar
	48W20475

	  9006
	Caterpillar 988B
	Loader
	1998
	3408 DIT
	375
	Caterpillar
	48W41083

	  9007
	Caterpillar 988B
	Loader
	2001
	3408 DIT
	375
	Caterpillar
	50W75773

	  9008
	Caterpillar 988G
	Loader
	2002
	3456
	475
	Caterpillar
	BNT00471

	10012
	J. H. Fletcher AR-D
	Fletcher Roof Bolter
	1991
	3304
	165
	Caterpillar
	2B17895

	10014
	Cannon DPI-HD-RB
	Fletcher Roof Bolter
	1998
	3304
	165
	Caterpillar
	02B18144

	11015
	J. H. Fletcher AR-D
	Fletcher Roof Bolter
	2001
	BF4M1013C
	142
	Deutz
	8177027

	11022
	Caterpillar M318
	Scaler
	1996
	3116 DIT
	110
	Caterpillar
	4TF28477

	11025
	Caterpillar M318
	Scaler
	2000
	3116 DIT
	110
	Caterpillar
	4TF66110

	11026
	Caterpillar 320C
	Scaler
	2002
	3066T
	110
	Caterpillar
	7JK54942


Appendix A (continued).
Underground Diesel Equipment List

	ID
	Manufacturer
	Model
	Year
	Engine

Model
	HP
	Engine

Manufacturer
	Engine Serial

Number

	11027
	Caterpillar M320
	Scaler
	2002
	3116
	110
	Caterpillar
	4TF79342

	12016
	Jarvis Clark Fram/Amador Lift M40ASVBV
	Lift
	1989
	F6L912W
	  88
	Deutz
	7487936

	12021
	Amador
	High Scaler
	1995
	F6L912W
	  88
	Deutz
	

	12022
	Caterpillar 330C
	High Scaler
	
	C9
	
	Caterpillar
	42F07355

	16004
	Hagby Onram 1000/3
	Exploration Drill
	
	BF6L914C
	
	Deutz
	8680231

	20003
	Caterpillar 12G
	Grader
	
	3306 (DINA)
	
	Caterpillar
	7N3387

	20007
	Caterpillar 814F
	Wheel Dozer
	2002
	3306T
	
	Caterpillar
	6NC31541

	26018
	Ford DS314C/4610SU
	Tractor
	1987
	
	
	Ford
	C769973

	26023
	Kubota M4030
	Tractor
	1989
	S2602-D1-A
	  48
	Kubota
	S2609-D1-A 71387

	26024
	Kubota M4030
	Tractor
	1989
	S2602-D1-A
	  48
	Kubota
	S2609-D1-A 71387

	26026
	Kubota M5030 SU
	Tractor
	1990
	S2602-D1-A
	  53
	Kubota
	S2609-D1-A 40760

	26028
	Kubota M5030 SU
	Tractor
	1990
	S2602-D1-A
	  48
	Kubota
	S2802-D1-A 71328

	26029
	Kubota M5030 SU
	Tractor
	1993
	S2602-D1-A
	  53
	Kubota
	S2808-D1-A 71389

	26030
	Kubota M5030 SU
	Tractor
	1995
	S2602-D1-A
	  53
	Kubota
	S2809-D1-A 94909

	26031
	Kubota 5400DT
	Tractor
	1995
	S2602-D1-A
	  53
	Kubota
	F2808-142389

	26032
	Kubota 5400DT
	Tractor
	1995
	S2602-D1-A
	  53
	Kubota
	8809-147892

	26033
	Kubota 5400DT
	Tractor
	1995
	S2602-D1-A
	  53
	Kubota
	S2808-139880

	26034
	Kubota 5400DT
	Tractor
	1999
	M4900
	  53
	Kubota
	3-WA154786

	26035
	Kubota M4900
	Tractor
	2001
	M4900
	  49
	Kubota
	F2803-YY0966

	26036
	Kubota M4900
	Tractor
	2001
	M4900
	  49
	Kubota
	F2808-YZ0456

	26037
	Kubota M4900
	Tractor
	2002
	F2803-ELA
	  49
	Kubota
	3-2G6524

	26038
	Kubota MX 5000
	Tractor
	2002
	V2403
	  36
	Kubota
	Y2403-2A0818

	36014
	Jarvis Clark & Dravo JDT-426
	Service Truck
	1987
	3306 (PCTA)
	175
	Caterpillar
	66D50162


Appendix A (continued).
Underground Diesel Equipment List

	ID
	Manufacturer
	Model
	Year
	Engine

Model
	HP
	Engine

Manufacturer
	Engine Serial

Number

	36024
	Getman A-64
	Utility Left Vehicle
	1991
	F6L912W
	  88
	Deutz
	7853988

	36025
	Caterpillar RC 50
	Fork Lift
	1987
	LT 437
	  70
	Perkins
	LDV160680

	36026
	Caterpillar 950
	Fork Lift
	1994
	3304
	175
	Caterpillar
	79P16361

	36028
	Getman MSC-5 87629
	Utility Lift Vehicle
	1997
	F6L912W
	  88
	Deutz
	8501606

	36034
	Caterpillar & Holtz 613C
	Holtz Tank – Water Truck
	1997
	3116
	175
	Caterpillar
	98Z23624

	36037
	Caterpillar D25D
	Service Truck
	1995
	3306
	260
	Caterpillar
	13Z33746

	36038
	Caterpillar & Holtz D250E
	Holtz Tank
	2000
	3306 DITA
	260
	Caterpillar
	13Z48482

	36047
	Link Belt RTC8035
	Mobile Crane
	
	6BT59
	
	Cummins
	


Appendix B.
Raw Data for Area and Personal Samples, May 25-26, 2004

	
	SWA (480 min)
	TWA

	Date

Sampled
	Area or

Person

Sampled
	Sampling

Time

(min)
	Airflow

(cfm)
	TC=ECx1.3

(µg/m3)
	TC*=EC+OC

(µg/m3)
	TC=ECx1.3

(µg/m3)
	TC*=EC+OC

(µg/m3)

	5/25/04
	loader
	580
	
	  51
	  64
	
	

	5/25/04
	truck
	572
	
	137
	151
	
	

	5/25/04
	high scaler *
	562
	
	  27
	  84
	
	

	5/25/04
	roof bolter
	573
	
	126
	133
	
	

	5/25/04
	downhole drill
	572
	
	  55
	  58
	
	

	5/25/04
	intake fan
	490
	
	
	
	    9
	  40

	5/25/04
	intake shaft
	546
	
	
	
	    0
	    0

	5/25/04
	slope
	551
	254,000
	
	
	  91
	100

	5/25/04
	slope
	551
	254,000
	
	
	  88
	  98

	5/25/04
	return shaft
	523
	551,000
	
	
	109
	110

	5/25/04
	return shaft
	523
	551,000
	
	
	114
	117

	5/26/04
	loader
	569
	
	  92
	101
	
	

	5/26/04
	truck
	571
	
	122
	117
	
	

	5/26/04
	high scaler
	568
	
	128
	196
	
	

	5/26/04
	roof bolter
	571
	
	195
	214
	
	

	5/26/04
	ANFO truck
	578
	
	114
	122
	
	

	5/26/04
	intake fan
	466
	
	
	
	  39
	  49

	5/26/04
	intake shaft 
	541
	
	
	
	    0
	    0

	5/26/04
	slope
	544
	268,000
	
	
	118
	131

	5/26/04
	slope
	544
	268,000
	
	
	112
	128

	5/26/04
	return shaft
	539
	565,000
	
	
	182
	167

	5/26/04
	return shaft
	539
	565,000
	
	
	138
	132


* High scaler only started working about 2:30 p.m. on 5/25/04.
� EMBED Equation.3  ���
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