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ABSTRACT

The M ne Safety and Health Adm nistration, in cooperation with

| MC d obal Qperations, Inc., conducted a joint study to determ ne
the effectiveness of the technology currently in use at the m ne
to control diesel particul ate exposures.

| MC d obal operates a potash m ne using diesel-powered equi pnent
to extract mnerals froman underground mne. |MC uses a variety
of technol ogies to control worker exposures to diesel

particul ate. These technol ogies include: ventilation, |ow sulfur
fuel, oxidation catalytic converters (OCC), naintenance and work
practices.

The study was conducted over a two week period, two shifts per
day. During the first week (six shifts), baseline data on
exposures and diesel particulate em ssions were obtained. New
OCC s were installed over the weekend on all equi pnment on the
test section. During the second week (six shifts), data were
collected to assess the effectiveness of the new OCC devices. In
addition to exposure and diesel particulate em ssions data, m ne
ventilation, engine exhaust tenperatures and m ne operational
data were obt ai ned.

The primary neans of determ ning diesel particulate
concentrations was the respirabl e conbustible dust (RCD) nethod.
Gas concentrations carbon nonoxide (CO, carbon dioxide (CO),

ni trogen di oxi de (NGO, were neasured using passive dosineter
badges and gas bottl es.

Resul ts of neasurenents of diesel particul ate, gases, and
airflows were anal yzed to determne the effectiveness of airfl ow
and oxidation catalytic converters for controlling diesel
particul ate exposures. The use of oxidation catalytic converters



resulted in reductions of both workers exposures and diesel
em ssi ons.
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| NTRODUCTI ON

In cooperation with IMC dobal, a diesel particulate study was
conducted at a potash mne | ocated near Carl sbad, New Mexi co.
This study was conducted as part of the Mne Safety and Heal th
Adm nistration's (MSHA) current programto assess diesel
particulate in the mning industry. The purpose of this study
was to evaluate the conbined effectiveness of ventilation,

mai nt enance, |ow sul fur fuel, oxidation catalytic converters
(OCC), and work practices for controlling enpl oyee exposure to
di esel particulate (Watts, 1995; Haney, 1995).

DESCRI PTI ON OF M NI NG OPERATI ON

The tests were conducted in an underground nultilevel potash
mne. The area of the mne where the diesel particul ate study
was conducted use a 17-entry roomand-pillar mning section. The
section had two conveyor belt systens |located nine entries apart
for transport of ore. Entries were driven on 62-foot centers.
Connecting crosscuts were driven on 72-foot centers. Room

devel opnent proceeds fromright to left across the panel. At the
time of the study, approximtely eight feet of ore was being

m ned.

Intake air available to the area where the test was conducted
ranged from 115,000 to 139,000 cfm The test area had three
intake entries and 14 return (exhaust) entries. Two belt entries
were separated by nylon brattice cloth. A rflowto the working
faces was induced by auxiliary fans located in the |ast open
crosscut. Auxiliary fans were also | ocated near the belt

f eeder/ breakers and at various other areas in the return entries.

This area utilized conventional mning nmethods and equi pnent

including an electric-powered face drill, |oading machi ne and
undercutter and di esel -powered face haul age, roof bolting and
utility vehicles. Faces were shot at lunch tinme and between

shifts.

The production equi pment incl uded:

Three 139 horsepower haul age vehi cl es,

One 55 horsepower diesel roof bolter,

One 55 horsepower | ube or maintenance vehicl e,
One 27 hor sepower ANFO wagon, and,

One 55 horsepower man trip vehicle.

Three di esel vehicles were available for diesel face haul age.
Only two of the vehicles were operated at one tinme. The typical
production cycle had two vehicles being | oaded by a | oadi ng
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machi ne wi th one haul age vehicle inactive as a spare. The diesel
equi pnrent had indirect injection engines.

All diesel vehicles were equipped with OCCs. The primary purpose
of the converters was to reduce the carbon nonoxi de content in
the vehicle exhaust. However, oxidation catalytic converters can
al so provide sonme reduction in the soluble organic fraction of
the diesel particulate. Because the fuel being used previously
contained sulfur, it is believed the old catalysts were coated
with sulfate soot, reducing the tenperature and the performance
of the OCCs.

Prior to the study, the conpany had switched to using a | ow

sul fur fuel. The use of |ow sulfur fuel reportedly inproved
visibility and reduced odors. An analysis of the fuel indicated
a sul fur content |ess than 0.05 percent. To inprove fuel
lubricity, automatic transm ssion fluid was occasionally added to
the fuel tanks.

The conpany operates an underground shop to rebuild and maintain
di esel equipnent. After an engine is rebuilt, it is placed on a
dynanoneter for breaking in and em ssions testing. The engine is
operated at various torque (load) and engine speed (RPM settings
for the break in period. Once the conpany is satisfied that the
engine is working properly, the em ssions are checked with stain
tubes for oxides of nitrogen. After engines are placed in
operation, they are serviced on a weekly basis or nore often if
the engine is snoking. Servicing includes changing the oil and
air filters and checking the em ssions with stain tubes for

oxi des of nitrogen.

TEST PROCEDURES and | NSTRUMVENTATI ON

This study was conducted during 12 production shifts. The first
six shifts were surveyed to establish baseline diesel particulate
per sonal exposures and area concentrations, along with associ ated
ventilation and gaseous em ssion data. For these six shifts, the
existing (old) OCCs renmai ned on the equi pnent.

Fol | owi ng baseline testing, the OCCs on six vehicles were

repl aced on the mai ntenance shift. New converters were placed on
t hree haul age vehicl es, one | ube vehicle, one roof bolter and the
ANFO wagon. The OCCs on the man trips and section scoop were not
repl aced; however, these vehicles had m nimal use during the

st udy.

The second six shifts of data were collected after installing new
OCCs on the diesel-powered production equi pnent. Wen the new
OCC devices were utilized, engine exhaust tenperatures were al so
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nmoni tored. Fuel sanples and pertinent nai ntenance information
was subsequently coll ect ed.

During the study, personal and area respirable particul ate
sanpl es were collected and anal yzed for conbusti ble content using
the respirable conbustible dust (RCD) nethod (Haney, 1992).
Personal sanples were collected on five of the face occupations
on each shift. These occupations included haul age vehicle
operator, driller, |oader, roof bolter, ANFO wagon operator, and
section foreman. All personal sanples were collected for the
full shift.

Four area sanples were collected per shift to determ ne diese
particul ate em ssion rates. Since the mne utilized series
airflow, one sanple was collected in the main intake airway to
the test area to determ ne the concentration of diesel
particul ate generated by upstream activity; one sanple was
collected in the intake near the end of the air walls and two
sanples were collected in the exhaust airflow. The area sanples
were operated while on section.

Al sanplers were calibrated at 1.7 Lpm Sanples were col |l ected
on 37 mm Silver Menbrane filters with a 0.8 mcroneter pore size.
The filters were preconditioned by baking in a muffle furnace at
400° C for one hour. The filters were pre- and post weighed to
+0.001 mlligram After the dust sanples were collected, the
Silver Menbrane filters were weighed and then again heated to a
tenperature of 400° C for a m nimum of one hour. After baking,
the Silver Menbrane filters were rewei ghed. The weight | oss was
consi dered di esel particul ate.

Concentrations of diesel particulate |evels were cal cul ated by
the follow ng fornul a:

Concentration (time weighted average) =

RCD Mass (ng) x 1000 (L/n¥)
1.7 Lpmx Time (mn.)

In addition to determ ning the airborne concentration of diesel
particul ate, sanples were collected to determ ne the airborne
concentrations of gaseous contam nants. Pal m sanples were used
to determ ne the nitrogen dioxide (NG) concentration. NG
concentrations were determ ned by spectrophotonetry. Vacuum
bottle air sanples were collected to determ ne the airborne
concentrations of carbon dioxide (CG), and carbon nonoxi de (CO).
Gas sanples were collected each shift at the return sanpling

| ocation. \When on-shift blasting occurred, sanplers were closed
for approxinmately one hour to allow the gases fromblasting to
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pass the sanple |ocation. Concentrations of CO, and CO were
determ ned by gas chromat ogr aphy.

In order to define the paraneters associated with the operation
of the OCCs, tenperature traces of exhaust gases were nmade for
three of the diesel vehicles. These vehicles included a haul age
vehicle, the roof bolter, the |ube vehicle and the ANFO wagon. A
t her nocoupl e was pl aced into the exhaust pipe through the port on
the engine side of the catalytic converter. Exhaust gas
tenperature was nonitored on each of the four pieces of equi pnent
for two to four hours. The tenperatures were recorded and stored
every 10 seconds on a data logger. The data |ogger was | ater
downl oaded into a conputer file for plotting and anal ysi s.

RESULTS AND DI SCUSSI ON

Table 1 presents the results of the average personal diesel
particul ate concentrations neasured on face workers and at area
sanpl e | ocations. The concentrations are shown for the old and
new OCCs. Also shown in the table are average return gas
concentrations and area airfl ows.

The airfl ow was approxinately the same for the entire test
period. Based on a total section operational horsepower of 415,
(does not include man trip or scoop) the intake airflow per

hor sepower was approximately 290 cfmhp. As indicated in the
table, the replacenment of the OCCs had little effect on the

ai rborne gas concentrations.

Resul ts of average personal and area diesel particul ate sanples
are shown in Figure 1. During the first six shifts, when the old
catal ytic converters were utilized, the average of the personal
sanpl es collected during these shifts is 0.42 ng/nf with a
standard devi ation of 0.14. During second six shifts, when the
new catal ytic converters were utilized, the average of the
occupati onal sanples was 0.32 ng/n? with standard devi ati on of
0.08. Wth the exception of the cutter operator, all workers had
a reduction in exposure to diesel particulate after installation
of the new catalytic converters. The standard devi ation
indicates a 25 to 33 percent variation in area occupati onal

sanpl es.

These val ues indicate a reduction of approximtely 24 percent in
the overall average of the occupational exposures after the
change in converters. Because the area airflow did not change,
the effect of replacing the OCCs on engi ne em ssions was

determ ned fromtaking the difference between the section exhaust
measurenents (correcting for intake diesel particulate). This
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anal ysis indicates that the new OCCs were providing an additional
27 percent reduction in diesel particulate em ssions.

The section studied was ventilated in series with another m ning
area. As aresult, the intake airflow of the studied section was
the return fromanot her section. The section intake contained
approxi mately 0.15 ng/n? of diesel particulate. This
concentration contributed approximately one-quarter to one-third
of the diesel particulate neasured in the area exhaust.

Figure 2 shows a typical plot of a tenperature trace. The plot
shown is for a haul age vehicle. This vehicle had the heavi est
use. Table 2 gives the range, average and standard devi ati on of
the tenperatures for each of the three vehicles nonitored.

Performance of the catalytic converter is related to tenperature.
The hotter the exhaust tenperature, the nore effective the
converter. Previous (Waytulonis, 1992) testing has shown that to
be effective for reducing diesel particulate and carbon nonoxi de,
an OCC shoul d have an operating tenperature consistently over
200° C. Based on the results of the tenperature neasurenents,

t he haul age vehicles and possibly the roof bolter were operating
at a tenperature hot enough for the OCCs to contribute to the
reduction of diesel particul ate.

FI NDI NGS AND CONCLUSI ONS

1. During the study, diesel particul ate em ssions were being
controlled by a conbination of ventilation, |ow sulfur fuel
mai nt enance, and oxidation catalytic converters.

2. Di esel particulate | evels were neasured with old and new
oxi dation catalytic converters installed. The average of
t he personal sanples collected wth old and new OCCs were
0.32 ng/n? and 0.42 ny/n¥, respectively.

3. Due to the use of series ventilation, the intake air
contributed approxi mately one-quarter to one-third of the
total diesel particul ate exposure.

4. Exhaust tenperatures neasurenents indicated that only the
haul age vehicles were operating at a tenperature where OCCs
could contribute to diesel particulate reduction.
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Table 1. - Results of Diesel Particulate Study Before and After
Oxi dation Catal ytic Converter (OCC) Repl acenent
QLD ocC NEW OCC

OCCUPATI ON AVERAGE AVERAGE

(mg/ nf)

RAM CAR #1 0. 38 0. 36

RAM CAR #2 0. 45 0. 30

LOADER 0.53 0. 30

CUTTER 0. 25 0.28

DRI LL 0. 37 0. 29

BOLTER 0.61 0. 39

AVG OCC. 0.42 0. 32

STD. DEV. 0. 14 0. 08

AREA

(mg/ nf)

MAI N | NTAKE 0.11 0. 13

SECTI ON | NT. 0. 14 0. 15

RETURN #1 0. 47 0. 39

RETURN #2 0. 49 0. 39

| NTAKE Al R 121 120

(x 100,000 cfm

RETURN GASES

NGO, (ppm 0. 25 0. 27

CO (ppm 6. 17 4. 63

CO (% 0.10 0.11

CH, (% 0. 00 0. 00
Table 2. - Summary of tenperature nmeasurenents on vehicles with

replaced catal ytic converters
St andard
M ni num Maxi mum Aver age Devi ati on
Degrees C Degrees C Degrees C Degrees C

RAMCAR 113 472 292 69
LUBE VEHI CLE 97 273 151 21
ROOF BOLTER 44 304 211 48
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