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for underground metal and nonmetal mines 

Introduction 
There is growing concern within 

the underground mining industry 
about the exposure of workers to 
the diesel particulate matter (DPM) 
component of diesel exhaust. In 
January 2001, MSHA promulgated 
rules for the control of worker expo­
sure to DPM in coal mines (MSHA, 
2001a) and metal and nonmetal 
mines (MSHA , 2001b) . The Na-
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approved under existing regulations 
(Code of Federal Regulations, Title 
30, Part 7), the recommendations 
from European studies to curtail 
DPM levels from diesel equipment 
used in tunneling (Mayer 1998a), fil­
tration efficiencies of diesel exhaust 
filt ers found to be effective in that 
study (Mayer et al., 1999a) and pre-
vailing ventilation rates for mines 
using diesel equipment (63 Fed. 

tional Institute for Occupational Safety and Health 
(NIOSH) has been focused on whether a recommended 
exposure limit (REL) for DPM should be established 
based on health-effects research. 

Reg. 58198-58205, 1998). Economic constraints and the 
variable of increasing ventilation rates (largely consid­
ered impractical as well as economically unfeasible) 

NIOSH is also considering the tech­
nically feasible level of DPM reduc­
tion that is achievable using existing 
control technology. 

The MSHA-proposed rule gov­
erning DPM exposure in coal mines 
requires the use of a particulate fil­
ter on the exhaust of diesel equip­
ment used in permissible areas. In 
contrast, the MSHA-proposed rule 
for DPM exposure in metal and 
nonmetal mines allows the use of 
any engineering control technology, 
so long as the final level attained 
does not exceed 200 µg/m3 of DPM 
(gravimetric mass equivalent) as an 
eight-hour-shift average. MSHA ar­
rived at its DPM limit by taking into 
account economic as well as techni­
cal feasibility. In this manuscript , 
NIOSH, in contrast, focuses on esti­
mating the DPM limit for metal and 
nonmetal mines based on technical 
feasibility alone. 

To this end, an estimate of DPM 
concentration based on the use of 
technically feasible DPM control 
technology was made for under­
ground metal and nonmetal mines 
using data available from the litera­
ture. The lite rature referenced in­
cludes the MSHA data (MSHA, 
1999a, 1999b) on engines now being 

Abstract 
In response to the underground 

mining industry's growing concern 
with the exposure of workers to the 
diesel particulate matter (DPM) 
component of diesel exhaust, a 
method was developed to estimate 
the average workplace concentra­
tion of DPM that could be expected 
from using the new lower DPM­
emitting engines now being ap­
proved by the US Mine Safety and 
Health Administration (MSHA) 
when these new engines are equip­
ped with state-of-the-art exhaust­
control technology for filtering and 
com busting DPM. The resulting es­
timate uses the MSHA-reported 
particulate index for these engines, 
the prevailing rule-of-thumb venti­
lation rate of 150 cfmlhp and the 
available diesel-exhaust filter tech­
nology that has been shown to be at 
least 80% effective in reducing 
tailpipe DPM. In the estimate cal­
culation, every engine used in an 
underground mine is assumed to be 
equipped with this control technol­
ogy. Under the stated reasonable 
conditions, an average DPM level 
of 90 µg/m3 (mass) is predicted as 
technically feasible. 

were not considered. 
Filtration systems are becoming 

available for the range of vehicles 
used in underground mines, and a 
number of suppliers have the 
knowledge, skills and hardware to 
engineer and fabricate successful 
systems for the majority of the mine 
equipment used in underground 
metal and nonmetal mines. 

Development of the estimate 
The development of the esti­

mate of the DPM level achievable 
considers only MSHA-approved en­
gines, uses the MSHA ventilation­
rate data on these engines, the 
achievable efficiency of exhaust 
control technology to reduce DPM 
and the prevailing ventilation rates 
in underground mines. The develop­
ment of the estimate from these pa­
rameters is discussed below. 

MSHA-approved engines. The 
calculations for the technically fea­
sible DPM level achievable are 
based on the particulate index (PI) 
obtained and published by MSHA 
(1999a, 1999b) on each engine ap­
proved under the current regula­
tions (30 CFR, Part 7, Subpart E). 
The current federal regulations for 
underground metal and nonmetal 
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mines do not require the use of MSHA-approved en­
gines (some state regulations do). The MSHA-proposed 
new Part 57.5067 (63 Federal Register 58221) specifies 
that any engine introduced into the subject mines after 
promulgation of the rule shall be approved by MSHA 
under the above-referenced section. (Existing engines 
are grandfathered and application of the control tech­
nology to these engines will result in DPM levels greater 
than the ones calculated here.) Mines that purchase or 
lease new vehicles or purchase replacement engines will, 
because of the long service li fe of an engine, select only 
MS HA-approved engines if possible. 

The list of engines approved by MSHA provides the 
approval number, engine make and model, horsepower 
at rated speed, the gaseous or "nameplate" ventilation 
rate and the particulate index. As of Nov. 24 , 1999, 
MSHA has issued 70 approvals covering more than 70 
engines, which range from 10.4 to 484 kW (14 to 650 hp), 
for use in nonpermissible areas. 

Because of existing or proposed rules, the only en­
gines that will be permitted in underground mines in the 
future are those being approved under the current 
MSHA regulation. Thus, as its first parameter, the fe asi­
bility estimate only uses engines now being approved by 
MSHA. 

MSHA ventilation rates. MSHA's engine-approval 
protocol is specified in 30 CFR 7, Subpart E, and is es­
sentially identical to the interna tionally accepted tes t 
procedures for diesel engine emission testing specified in 
ISO 8178 (61 Federal Register 5541 8) and the 
MAPTEST used to evaluate engines and control system 
performance in Canada (CANMET, 1997). Under care­
fully controlled conditions, engine emissions are mea­
sured for eight different steady-state engine load and 
speed conditions or modes (Table 1), which is refe rred to 
in the MSHA-proposed rul e as th e "eight-point tes t 
cycle." At each test point, gaseous and DPM emissions 
are determined and used to obtain two ventilation rates 
- the gaseous ventilation rate and the particulate index. 

The gaseous ventilation ra te (Qga) (30 CFR 7.84(c)), 
often referred to as the "nameplate" ventilation rate, is 
the dilution air quantity required to reduce the highest 
concentration from among four specific (toxic) exhaust 
gases encountered using the MSHA eight-point test 
cycle to the following levels: 

CO2 = 5,000 ppm 
CO =50 ppm 
NO =25 ppm 
N02 = S ppm . 

TABLE 1 

The particulate index (Pl) is the dilution air quantity 
(Q,!f.m) needed to reduce exhaust DPM concentration to 
1,0uO µg/m3 (30 CFR 7.89). The PI is determined from 
the weighted average of DPM mass obtained over the 
same test poi nts used for determining Q as and can be 

. . g . 
obtamed at the same time that the gaseous rate 1s deter-
mined. The eight engine operating points and the weight­
ing fac tor for each engine condi tion are provided in 
Table 1. 

Whereas the gaseous ventilation rate is based on the 
worst-case emission rate and is meant to prevent acute 
expos ures, the particulate index is a weighted average 
over the load and speed points that are assumed to be 
representa tive of an average shift emission ra te. MSHA 
instituted the PI as a guide to facilitate choosing engines 
that emit less DPM when a choice is possible. 

The analysis that follows assumes that the Pl repre­
se nts a reasonable estimate for well -maintained engines 
as deployed in th e industry. A more accura te analys is 
would require determination of actual/ representative 
duty cycles of the engines and the loca l ventilation con­
ditions under which they operate. 

A measure of th e cleanlin ess of an engine is the 
amount of DPM emitted per horsepower or, in th is dis­
cussion, the PI per engine horsepower (Qdp

11
/ hp ). Figure 

1 shows a plot of the PI per horsepower (normalized PI) 
in cfm/hp against engine horsepower. A careful study of 
the graph reveals two clusters of engines - those en­
gines with a normalized PI be low 70 cfm/hp and those 
wi th a norm alized Pl above this level. The graph also 
shows that engines below 149 kW (200 hp) vary widely in 
normalized Pl; this gro up is composed of a mix of en­
gines using both the older and modern fue l-management 
systems. 

Two addit ional fea tu res can be noted: 

• no engine more than 149 kW (200 hp) has a normal­
ized PI above approximately 70 cfm/hp; and 

• for any engine with a normalized PI above 70 cfm/ 
hp, it is possible to fi nd an engine of about the same 
horsepower with a normalized PI below 70. 

This ability to select the cleaner of comparably pow­
ered engines is critical to determining the technically 
feasible DPM. For this estimate, it is assumed that it is 
possible to replace the higher PI engine with a lower PI 
engine of about the same horsepower by substitution or, 
at worst, by vehicle redesign. A detailed engineering re­
view would be required to substantiate this assumption 
for all cases. 

Based on the above observa tions, a second param-

The MSHA eig ht-po int test cycle and weig hting factors for various eng ine 
condit ions. 

Speed category 
Percent rated torque 
Weighting factor 

Rat ed speed 1 

100 75 
0.15 0.15 

Int ermediate speed2 

50 10 100 
0.15 0.1 0.1 

75 
0.1 

Low -idle speed3 

50 0 
0.1 0 .15 

1The speed at which the rated power is delivered as specified by the engine manufacturer. 
2The maximum to rqu e speed if between 60% and 75% of rated speed, or else it is 75% or 60% 
of rated speed, whichever is closer to the manufacturer's specified maximum torque speed. 
3The minimum no-load speed as specified by the manufacturer. 
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FIGURE 1 

Normalized particulate index for current MSHA-ap­
proved engines, including four permissible (coal mine) 
engines. Note that one engine approved for coal mines 
has a Ddpm considerably above the range of the chart. 

a. 
..c 

300 

250 

E 200 -CJ 

a: 
"t:J 150 
Q) 

• !::! 
(ti 

E 100 ... 
0 z 

50 

0 
0.0 

. 
'"170 hp • 714cfm/hp 

•• 

.. • 
• • •• • 
• 

• • • ••• • • . 
• • • • •• • ... .,, • • ••••• - . •• . . 

••• •• -. ·-·- ..... 
100.0 200.0 

I 

I 
I 

1 • Non Permissible I 

• Permissible 

I 

• • • •• • • 
300.0 400.0 500.0 600.0 700.0 

Horsepower 

eter for the estimate of technically feasible DPM levels is 
that engines with a normalized PI below 70 can be used 
in metal and nonmetal mining applications. 

Control technology availability and efficiency. From 
a practical viewpoint , most control technologies that can 
reduce engine DPM are not effective to the degree nec­
essary to attain significant improvement of underground 
DPM levels (Mayer 1998a; Mayer et al. , 1998). The ex­
ception is the diese l particulate filter (DPF) , or trap, 
which is designed for engine exhaust streams not cooled 
by water baths or other means. The filtration elements 
consist of porous ceramic, silicon carbide, sintered metal 
or glass or ceramic fibers that are knitted , woven or oth­
erwise configured. These filters reduce diesel particulate 
mass by at least 80% and solid particle numbers by 99% 
or more (Mayer et al. , 1998; Mayer et al., 1999b ). A list of 
DPFs resulting from the European tunneling study by 
VERT (Verminderung der Emissionen von Real­
maschinen im Tunnelbau) is available (Mayer, 1998b ). In 
addition, the Swiss have established a DPF certification 
procedure and have recently published a list of certified 
DPFs (Mayer 1999a; BUWAL/SUVA, 1999). 

DPFs collect DPM in the filtration media at exhaust 
temperatures. When engine exhaust temperatures reach 
550° to 600°C (1 ,022° to 1,112° F) (Houben 1994), the ac­
cumulated soot spontaneously combusts and is con­
verted to CO2. Catalyzing the DPF media or adding 
catalysts to the fuel can lower the soot combustion tem­
perature to 300° C (572° F). In cases when exhaust tem­
peratures do not reach the requisite temperature or are 
not sustained for a sufficient period, regeneration sys­
tems must be employed to remove the collected DPM. 
The regeneration systems can be either on-board or off­
board the vehicle. The on-board systems use integral 

electric heaters or fuel combustion systems to raise the 
filter or exhaust gas temperature. These systems operate 
on demand by sensing the back pressure due to DPM ac­
cumulation or on a timed cycle. Off-board systems use an 
oven that is designed to burn off the collected DPM 
from a filter that is removed from the vehicle. If the ve­
hicle must return to service, then a second filter is 
needed. Periodic exchange of loaded DPFs for regener­
ated ones is required. DPF capacities can be sized so that 
trap exchange occurs at convenient intervals, e.g., once 
per shift. The degree of trap loading can be detected by 
a rise in engine-exhaust back pressure. 

Selecting a DPF for a particular vehicle involves se­
lecting the correct filter size to handle the exhaust flow 
with acceptable back pressures and determining whether 
a regeneration system is required. The latter is deter­
mined by profiling exhaust temperatures (exhaust tem­
perature vs. time) for several typical work scenarios by 
using data loggers placed on the equipment. The requi­
site application engineering is available either from the 
DPF vendor or from consultants. The DPF serves as a 
replacement muffler ( exhaust silencer). DPF cost is de­
termined by physical size, regeneration scheme and filter 
media. 

In marginal cases of exhaust temperature and to 
avoid the use of or to increase the efficiency of an 
on-board regeneration system, fuel additives (Pt- , Fe- or 
Ce-based) can be used to lower the DPM combustion 
temperature to about 300° C (572° F). With diesel filters 
in place, the oxides of the additives are removed at high 
(95%) filtering efficiencies and DPM filtration perfor­
mance improves as well. The additive 's ash particles 
slowly accumulate in the filter, which reduces filter life 
and/or requires maintenance to remove the particles. 

DPF systems are commercially available from US, 
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Canadian and European manufacturers. The research 
and development thrust in Europe is a result of lowered 
workplace standards and demand for diesel-emission 
control in general. 

·The comprehensive testing program performed by 
VERT researchers for the tunneling project was instru­
mental in demonstrating the feasibility of the technology 
and setting performance standards. The final results of 
the VERT studies (Mayer et al, 1999a) claim that " traps 
(DPFs) are effective in the entire size range of diesel 
particulates, starting from primary particles of about 10 
nm:" Additionally, the study notes that: "Traps can be de­
ployed for new engines. They can also be retrofitted to 
existing older engines. Hence, they are suitable for rapid 
and wide-spread application to reduce the particulate 
matter exposure." Trap evaluations for applicability and 
effectiveness are scheduled to start in Canada this year 
under the Diesel Emissions Evaluation Program 
(DEEP) (project descriptions are available at http: // 
www.deep.org) . 

Diesel particulate filter systems with a minimum 
80% efficiency in reducing DPM (mass) of engine ex­
hausts are commercially available in Europe and North 
America. This is the third parameter used in the estimate 
calculation. From this point in the discussion, it will be 
assumed that all vehicles are equipped with diesel par­
ticulate filters. 

Prevailing mine ventilation rates. A plot (shown in 
Fig. 2) of the normalized MSHA gaseous ventilation rate 
(Qgas in cfm/hp) for MSHA-approved engines illustrates 
that the gaseous "nameplate" ventilation rarely exceeds 
70 cfm/hp. For completeness, the four permissible coal 
mine engines are included in the figure. 

FIGURE 2 

The rule-of-thumb for establishing ventilation rates 
in metal/nonmetal mines is to provide between 100 and 
200 cfm/hp (Haney, 1998). MSHA used rates between 
127 and 173 cfm/hp in its estimator examples in the pro­
posed rule (63 Federal Register 58198- 58205) . On aver­
age, to keep the gases below an action level of one-half 
the threshold limit value (TLV) , ventilation rates need to 
be at least double the gaseous/nameplate ventilation 
rate. This coincides with about 150 cfm/hp and provides 
a safety factor by virtue of the fact that the gaseous ven­
tilation rate is determined from the worst-case gas emis­
sion rate. 

Thus, the final parameter used in this estimate is to 
assume a prevailing local ventilation rate of 150 cfm/hp. 

Results 
One can determine the resulting workplace DPM 

concentrations for each of the MSHA-approved engines 
by using the engine 's PI, a prevailing ventilation rate of 
150 cfm/hp and an estimated worst-case diesel particu­
late filter efficiency of 80%. 

A plot of the resulting DPM concentration vs. en­
gine horsepower for each MSHA-approved engine (Fig. 
3) shows the two clusters described previously, with the 
lower PI engines achieving a 90-µg/m3 DPM concentra­
tion or less. The DPM levels plotted represent levels that 
will prevail downstream of the vehicle operating under a 
local ventilation rate of 150 cfm/hp of uncontaminated 
air. When the upstream air already contains DPM, the 
DPM levels represent the additional concentration of 
DPM contributed to the downstream air by the corre­
sponding engine. 

Because mine operators are required to increase the 
ventilation air quantity in proportion to the combined 

Normalized nameplate ventilation rate for MSHA-ap­
proved engines. All but five require ventilation rates 
below 70 cfm/hp. 
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FIGURE 3 

Estimated DPM concentrations from currently MSHA­
approved diesel engines at nominal ventila'tion rates of 
150 cfm/hp and equipped with a diesel filter with 80% 
efficiency in removing DPM as mass. For every engine of 
30 kW (40 hp) or greater that produces a DPM concentra­
tion more than 90 µg/m3, one can find an engine that pro­
duces DPM concentration of 90 µg/m3 or less. This, then, 
defines the technologically feasible DPM concentration. 
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horsepower of the vehicles operating in the same split of 
air (see Eq. (2) below), the use of additional vehicles on 
the same air split does not significantly affect the esti­
mated DPM concentration at the end of the split. 

The assumption that every vehicle in the mine is us­
ing a diesel particulate filter, including the low-horse­
power utility vehicles, assures this. For example, 
assuming that each vehicle contributes DPM concentra­
tions of 90 µg/m3/hp at a ventilation rate of 150 cfm/hp, a 
mine section using a 37-kW (50-hp) diesel vehicle and a 
74-kW (100-hp) diesel vehicle would require 10.4 m3/sec 
(22,500 cfm) of air. The first diesel vehicle in the series 
would create a concentration of 30 µg/m3 downstream, 
and the second would contribute 60 µg/m3, bringing the 
downstream DPM concentration to 90 µg/m3• 

The addition of a third vehicle downstream of the 
other two lowers the concentration contributions of the 
upstream vehicles (because of the increased ventilation 
rate) and produces a final downstream DPM concentra­
tion of 90 µg /m3. Note that for the larger MSHA-ap­
ptoved engines, the attainable DPM concentration is 
tnuch lower, on the order of 60 µg/m3 or less. Vehicles 
with these larger engines, which are also the ones that a 
mine would most likely select first to be equipped with 
diesel filters, are also the ones most likely to be used in 
dead-end drifts, where studies (CANMET, 1997) found 
up to twice the concentration of pollutants that were 
found in the return air immediately downstream. Thus, it 
would be expected that the DPM level actually achieved 
would be greater than 60 µg/m 3. 

Although the attainable DPM concentration is 
much lower for the larger engines, the highest level is 

chosen because all engine sizes must be accounted for in 
making a feasibility estimate, and to try at this s'tage to 
apportion the relative contributions of individual ve­
hicles to the DPM burden is beyond present resources. 

The results indicate that, under the stated assump­
tions, 90 µg/m 3 is the technically feasible DPM concen­
tration expected. This level makes allowances for mines 
whose use of diesels may be solely in the lower horse­
power range and presumes that all engines used are of 
the lowest PI of the current MSHA-approved engines in 
their horsepower range. 

Additional comments 
Estimate formula. The following formulas calculate 

the DPM concentration increase in the downstream air 
over that of the upstream air, resulting from one or more 
vehicles operating on the same split of air, to a first ap­
proximation (ignoring duty-cycle and operating-tiine ef­
fects) 

where Q = 150 ; Hpi 

In these formulas, 

(1) 

(2) 

[DPM] is the estimated DPM concentration in mi­
crograms per cubic meter (µg/m3); 

_ the assumed filtration efficiency (0.8 in this calcula­
tion); 

PI; is the particulate index for engine i, with a horse­
power rating of Hpi; 
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FIGURE 4 

DPM concentrations when the prevailing air quantity 
equals the MSHA-approval plate air quantity and when a 
DPM filter with an efficiency of 80% is used. 
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150 is the "rule-of-thumb" ventilation rate in cubic 
feet per minute per horsepower (cfm/hp); and 

Q is the total ventilation air quantity for the split in 
cfm. 

These formulas ignore duty-cycle and operating­
time effects. 

Estimate validity. The estimate of technically fea­
sible DPM levels is an aggregate estimate. It provides the 
DPM concentration expected after the contribution of 
the last vehicle in a serially ventilated air split. Neverthe­
less, it also provides valid estimates for local conditions 
as well. 

It is simplistic and naive to assume that vehicles up­
stream of the last one will be operating in excess "air." 
Except for utility vehicles operating in the main air 
course, it is common to find production vehicles operat­
ing in dead-end drifts ventilated by auxiliary fans. In 
these cases, the local effective ventilation rate may be 
closer to the 150 cfrn/hp or even less. Thus, in many cases, 
the estimate is valid for the local ventilation conditions 
as well. Operation of a vehicle with and against local air 
currents can also drastically affect local ( vehicle opera­
tor) DPM concentrations. 

DPM measurement. The above calculations predict 
the workplace mass concentration of DPM. Using th e 
guidelines in the literature (Cantrell et al., 1998; Grenier 
et al., 1998) for total carbon (TC) (80% to 90% of DPM 
mass) and elemental carbon (EC) (40% to 60% of TC) , 
the technically feasible DPM limit becomes approxi­
mately 72 to 81 µg/m3 as TC and approximately 32 to 50 
µg/m3 as EC. 

It should be noted that, when diesel particulate fil­
ters are used to control diesel exhaust, the relationship 
noted above between TC and EC (both of diesel origin) 
may change. It was reported (Mayer et al., 1998; 1999b) 
that particulate filters are more than 95% effective at 
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removing solid core elemental carbon and only 80% ef­
fective at removing total DPM mass, which is comprised 
a lso of volatile organic materials. With the five-fold drop 
in TC from the use of DPFs, the airborne TC from 
sources other than DPM may become a more significant 
quantity and thus potentially become a greater source of 
error in estimating diesel DPM from TC alone. 

Whether nondiesel , carbonaceous sources of TC be­
come a greater source of error depends, however, on 
their size distribution and the type of sampling done to 
analyze for DPM. 

Effect of uncontrolled light-duty vehicles. If the inci­
dental, light-duty, low-horsepower utility vehicles are not 
equipped with exhaust filt ers, then, from MSHA's as­
sumptions in the proposed rule , the incoming air to a 
working section may contain about 50 µg/m3 DPM (the 
contribution from these upstream engines being highly 
diluted). Under these conditions, the estimated local or 
aggregate DPM would be expected to be about 140 µg/ 
m3 (90 plus 50). This is quite close to MSHA's proposed 
200 µg/m3, which was based on the assumption that it 
would be impractical and economically infeasible to 
place DPFs on every diese l engine operating under­
ground. In coal mine entries, the upstream presence of 
light-duty vehicles places a lower limit on the DPM con­
centrations attainable in permissible areas if the pro­
posed rule mandating filters with 95% efficiency only on 
permissible diesels is implemented. 

Estimated D PM for engine nameplate ventilation 
rate. The current coal mine regulation states that the 
minimum air quantity for single or multiple units operat­
ing off the same air split shall be the sum of the approval 
plate ventilation air quantities (30 CFR 75.325 (g)). Nei­
ther the existing MSHA regulation nor the proposed 
rule states a policy concerning ventilation rates for diesel 
engines per se, except that toxic gases must be below the 
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1973 ACGIH TLV (30 CFR 57.5001) and, of course, the 
DPM limit in the proposed rule. Thus, it seems appropri­
ate to plot the estimated DPM for each engine using its 
individual nameplate air quantity as the prevailing ven­
tilation rate (the "150" in Eq. (2) is replaced by each 
engine's individual nameplate air quantity) and using an 
80%-efficient DPM filter. 

The result is shown in Fig. 4. Under these conditions 
and by using the lower PI engines when a choice is avail­
able, the expected DPM levels would be approximately 
250 µg/m3• 

D PM estimates for different ventilation and control 
parameters. As was done in this manuscript, a spread­
sheet can be designed to utilize MSHA's approval list . 
and Eqs. (1) and (2) to generate data that can be plotted. 
The MSHA-approved engine list can be imported into a 
spreadsheet program to create the rows. The engine 
horsepower needs to be entered into a separate column 
to the right of the engine approval data. Eqs. (1) and (2) 
can be combined into one cell formula and entered in 
another column, with the variables referencing the ap­
propriate data for engine PI and horsepower. Both the 
prevailing ventilation rate (the "150" in Eq. (2)) and the 
DPM control (filter) efficiency (77) can be made a named 
parameter and each referenced in the formula. Thus, the 
resulting DPM levels for the individual engines can be 
generated for varying ventilation conditions and DPM 
filter efficiencies. 

Summary 
The following parameters were used to provide an 

estimate of the expected workplace concentration of 
DPM mass of 90 µg/m3: 

• the particulate index provided by MSHA's engine­
approval procedure, 

• the assumption that all underground diesel engines 
have the lowest PI at their horsepower rating and 
are equipped with an diesel particulate filter that is 
at least 80% efficient at removing DPM mass and 

• a prevailing ventilation rate of 150 cfm/hp. 

The limitations of this estimate include an assump­
tion that lower PI engines can replace higher PI engines 
of equivalent power in the required service application 
and that the MSHA PI is representative of real-world 
DPM emission rates, which are duty-cycle dependent. 
The general formulas for calculating the local DPM from 
an engine using MSHA's PI are provided, as well as the 
formula for converting the PI to a DPM mass emission 
rate for use in MSHA's estimator model as outlined in 
the MSHA-proposed DPM rule.• 
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