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MOISTURE VARIANCE OF MINE DUST SAMPLES AND THE INCLUSION OF MOISTURE AS INCOMBUSTIBLE CONTENT

M. L. Harris, National Institute for Occupational Safety and Health, Pittsburgh, PA
D. Alexander, National Institute for Occupational Safety and Health, Pittsburgh, PA

INTRODUCTION

Explosions in underground mines and surface facilities such as
processing plants are caused by confined accumulations of
combustible dust and/or flammable gas mixed with air in the presence
of an ignition source. Underground explosions can be prevented by
minimizing methane concentrations through methane drainage and
ventilation, by adding sufficient rock dust to inert the coal dust, and by
eliminating ignition sources.

The effectiveness of rock dust in arresting explosion propagation
was proven by experiment and practice (1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11).
The precise mechanism by which rock dust (generally pulverized
limestone dust) quenches flame has not been fully explained, but is
believed to be absorption of thermal energy from the heated gases and
absorption of radiant energy, which reduces the preheating of
unburned coal particles ahead of the flame front.

One measurable aspect of explosibility is incombustible content.
In order to determine whether enough rock dust is applied, 30 CFR* §
75.403, Maintenance of Incombustible Content of Rock Dust, requires
at least 80% incombustible content on the roof, ribs, and floor of
underground coal mines. 30 CFR § 75.403-1 further defines the
incombustible content as follows: “Moisture contained in the combined
coal dust, rock dust and other dusts shall be considered as a part of
the incombustible content of such mixture.”

In order to determine the incombustible content of the mine dust,
samples of deposited dust from specified areas in a mine must be
collected, analyzed, and then compared with the minimum standard of
80%.

The traditional low temperature ashing (LTA) approach to
determine if a coal and rock dust mixture is compliant with the inerting
requirement consumes the coal dust and considers the remaining
material to be inert. Compliance with the law is then determined by
comparing the measured percentage of inert material of the
representative band sample with the pre-established requirement of
80%. The incombustible content of the sample includes rock dust, the
amount of moisture as received at the lab, and the inherent ash in the
coal. The LTA method is not itself a direct measure of explosibility but
is a surrogate that calculates a single parameter associated with large-
scale Bruceton Experimental Mine (BEM) explosion test results
conducted with dry rock dust. This method assumes a homogenous
mixture with no layering of rock dust and coal dust. Float coal dust is a
serious explosion hazard if it accumulates on top of the rock dust and
is not mixed with the rock dust (12).

Mitchell and Nagy (13) studied the effectiveness of water as an
inerting agent for the coal dust explosion hazard. The study
emphasized that surface water evaporates readily from dusts. Thus, in
a passageway where the dust is wet, changes in weather or the
ventilation system could dry the dust and make it unsafe in a relatively
short period of time. Where adequate rock dust has been applied, this
drying effect is not a factor. However, if the mine depends upon the
moisture content as part of the incombustible content, fluctuations in
the dust surface moisture within a mine can render moisture content an
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ineffective and inconsistent measure of safety. Additionally, if sufficient
moisture is absorbed and subsequently relinquished by rock dust, a
cake can form and render the rock dust ineffectual.

The trend has long been recognized that mine explosions occur
primarily during the winter season when the humidity is low for long
periods of time (14, 15, 16). In light of this trend and due to the
potential variability of the moisture content of the dust, it may not be
prudent to include variable surface moisture in the total incombustible
content of the sample. Instead, surface moisture should be viewed as
an additional safety measure as long as the rock dust is dispersible.
However, moisture limits the ability of the rock dust to disperse and
can significantly reduce its capacity to effectively inert propagating
explosions (2, 13, 17, 18, 19, 20, 21, 22).

Given the methods by which the as-received moisture and
incombustible content are determined, dust samples from the 2010
MSHA database were assessed to determine the variability of the
moisture content throughout a year and how often the measured as-
received moisture might have affected the dust explosibility
determination if removed. The findings were then verified by
observation in laboratory studies and within the NIOSH OMSHR Safety
Research Coal Mine (SRCM).

METHODS

Low temperature ashing

Low temperature ashing (LTA) is the incombustible analysis
procedure used to determine the total incombustible content reported
in the MSHA database. It begins by passing the < 10 mesh sample (<
2 mm particles) through a 20 mesh sieve (850 ym) and then oven
drying the minus 20 mesh material for 1 hr at 105°C (23). The weight
lost during drying constitutes the as-received-moisture in the sample.
Next, the dried sample is heated in an oven that is ramped up over 1.5
hr and held at 515°C for about 2.5 hr to burn off the combustible coal
fraction, thereby leaving the ash and incombustible material. This LTA
burns off the coal but does not decompose the limestone rock dust.
The amount of the remaining ash material plus the as-received-
moisture divided by the initial weight is reported as % total
incombustible (TIC).

Database Analysis

NIOSH OMSHR examined a database file containing MSHA
laboratory analyses for quarterly band sample surveys with moisture
data during the year 2010. Less than 0.5% of the samples (209)
contained negative moisture values or values > 100% moisture. These
erroneous data points, having values outside of the 0 - 100% moisture
range, were not considered in this study.

SRCM Measurements

Rock dust was placed within the SRCM in several locations in
March 2011 (Figure 1) to evaluate potential moisture values of rock
dust when in contact with ambient air. At each location, one bag was
opened with the plastic bag liner intact to prevent wicking moisture
from the floor. This rock dust should have acquired moisture from the
ventilation air only. A second bag was dumped onto the floor providing
contact with moisture from the floor surface. In August, a third bag was
added with the liner intact because several locations were under active
roof drips that allowed condensed moisture and ground water to fall
onto the rock dust.
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Figure 1. Safety Research Coal Mine rock dust study locations.

Figur 2. Three bags of rock dust placed at one location in the SRCM.

Samples were taken monthly for one year from March 2011
through March 2012. Samples were collected by scraping 50 g of rock
dust material into a sealable plastic bag. After researchers exited the
SRCM, the samples were taken to the laboratory for immediate
moisture analysis to prevent loss of moisture through the bag or to the
drier laboratory atmosphere. In the laboratory, 3 g of each collected
sample were placed in a CompUTrac moisture analyzer and dried at a
temperature of 105°C. The percentage of moisture was calculated from
the difference in weight loss.

DATA ANALYSIS

Database Analysis

Table 1 is a summary of MSHA moisture analysis of dust samples
collected during the 2010 quarterly band sample surveys, and displays
the ranges of moisture content and the number of samples that fell
within the associated ranges as well as the associated percentages of
the overall database. Over half of the samples from the 40,263 data
sets in the 2010 database contained less than 1% as-received
moisture. This would be expected since the inherent moisture of the
rock dust as shipped from the manufacturer is expected to be
approximately 0.2 — 0.5%. Approximately 99% of the samples
contained less than 10%.

Figure 3 displays the distribution of as-received moisture analysis
from the MSHA 2010 quarterly surveys. The brush and pan sampling
collection technique used to obtain these samples is designed for dry
dust and cannot effectively sample dust mixtures that are pastes or
liquids; thus, areas too wet to be sampled are avoided. In addition, 30
CFR 75.402-1 states “The term "too wet" means that sufficient natural
moisture is retained by the dust that when a ball of finely divided
material is squeezed in the hands water is exuded” and excludes
samples in those areas. Additionally, sample areas tend to be chosen
as the drier areas so that the collected dusts can be sieved which may
bias the in-situ moisture of mine dust. In the OMSHR laboratory, when
a rock dust was mixed with 21% water, it was observed that the
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consistency of the water/rock dust mixture was slightly thick, yet able
to be stirred. The actual percentage of moisture required to convert the
rock dust into this thick mixture is dependent on the particle size
distribution of the particular rock dust. An overall finer rock dust size
distribution with a higher surface area measurement requires more
water compared to a coarser rock dust with a lower surface area
measurement. Nonetheless, the moisture data points indicated as 20%
or more should be considered suspect since it would be extremely
difficult to collect samples of that nature with the brush and pan
technique and then pass those samples through a 20-mesh sieve for
subsequent analysis.

Table 1. Summary of MSHA moisture analysis of dust samples
collected during the 2010 quarterly band sample surveys.

% Moisture 0-1 1-2 2-3 3-4 4-5
# of Samples 22,819 7,314 3,055 2,013 1,488
% of Samples| 56.7% 18.2% 7.6% 5.0% 3.7%

% Moisture 5-6 6-7 7-8 8-9 9-10 Total (0-10%)
# of Samples 1,126 833 607 363 224 36,689
% of Samples 2.8% 2.1% 1.5% 0.9% 0.6% 91.1%

% Moisture 10-15 15-20 20-30 30-40 40-50
# of Samples 198 8 4 1 -

% of Samples 0.5% 0.0% 0.0% 0.0% 0.0%

% Moisture 50-60 60-70 70-80 80-90 90-100 | Total (0-100%)
# of Samples 2 6 26 76 100 76,531
% of Samples 0.0% 0.0% 0.1% 0.2% 0.2% 100.0%
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Figure 1. Distribution of MSHA moisture analysis results during 2010
quarterly surveys.

The sample preparation and handling prior to the LTA analyses in
the laboratory likely result in moisture loss. Moisture will evaporate
from the dust samples if the samples are not maintained in air-tight
sample containers and if the samples are exposed for any lengths of
time to drier atmospheric conditions prior to the analyses. Therefore,
the moisture within the dust sample at the time of sample collection is
likely not the same as the moisture reported from the LTA analysis,
hence the term “as-received moisture.”

Figure 4 illustrates the seasonal moisture trend due to large
variations in humidity in dust samples. These samples were collected
from mines in numerous MSHA Districts and each of these mines had
a high number of samples collected throughout the year which allowed
for evaluation of these seasonal moisture trends. The dust samples
obtained during the humid summer season contain a larger percentage
of as-received moisture as compared to the samples collected during
the drier winter season. Figure 4 shows a general trend for each of
these specific mines.

The 40,263 database samples represent 1,396 individual events
or surveys. There were 4,798 individual samples that did not meet the
required total incombustible and resulted in 1,122 citations for non-
compliance with 30 CFR 75.403 in 2010 (24). Another 1,324 samples
would have failed if the as-received moisture had not been considered
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as part of total incombustible. In other words, if the moisture within the
dust sample in these 1,324 instances evaporated, there would not be
enough incombustible material to inert the coal dust. Each of the 1,324
samples represents 500 ft of entry, at the time that these samples were
taken, or approximately 125 miles of coal mine entries that were
potentially rock dust deficient.
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Figure 4. Example of seasonal moisture variation in dust samples
from mines in various MSHA Districts.

SRCM Measurements

Figure 5 shows the change in the moisture content of rock dust
piled directly on and in contact with the mine floor in a relatively dry
room in the SRCM during a one-year period. As seen, the rock dusts
start out dry with 0.2 — 0.5% moisture, which is the typical moisture
content of rock dust as received from the manufacturer. The maximum
moisture content of this rock dust was 20%. During the winter when the
outside air temperature is normally lower than the air temperature in
the mine, the water content decreased but did not dry out completely.
Rock dust isolated from moisture on the floor, rib, or roof strata did not
appear to take on any significant amounts of moisture from the
ventilation air (see Figure 6). Even rock dust located under water drips
or piled in standing water did not take on more than 20% surface
moisture in the humid summer months. Rock dust in direct contact with
the mine surfaces appears to wick or absorb moisture, from either the
ground strata or condensation, much more readily than rock dust that
is only in direct contact with ventilation air with humidity as the source
of moisture.
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Figure 5. Rock dust moisture content from dust that was in direct
contact with the floor of a relatively dry area in the SRCM.
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'Figure 6. Rock dust moisture content from dust that was isolated from
direct contact with the floor of a relatively dry area in the SRCM.

Figure 7 shows the difference in moisture content of the rock dust
samples within 50 ft of each other in 12 Room of the SRCM, a
relatively wet area. As seen here, the wet conditions did not allow the
dust to dry to depth of sample during the less humid winter months.
Some samples at the 20% or more moisture level displayed free water
in the sample bag before laboratory analysis. Other researchers have
reported that drying rates are dependent on the relative humidity of the
mine or room in which the dusts are located. Early mine tests of wet
rock dusting by US Steel (25) reported that a 35% moisture content
dropped to less than 1% in 4 days at 75% RH, while a 17% moisture
rock dust only dropped to 7% in 6 weeks at 88-97% RH. OMSHR
testing in the SRCM found similar results to Snell, where the rock dust
in wet or +95% RH areas did not dry significantly. Samples were
weighed wet, dried in an oven overnight at 90°C, and re-weighed to
obtain the % moisture over a two-week period (July 30 to August 14,
2012). Initial moisture readings of wet rock dust applied to the ribs and
roof of three areas of the SRCM ranged from 20% to 31%. After one
week, only 16% of these samples were less than 15% moisture; after
two weeks, 35% were below 15% with one sample less than 10%
moisture.
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'Figure 7. Rock dust moisture content from a dust sample in a wet
dead-ended area of the SRCM. The “new bag” was positioned away

from dripping water and placed on a plastic sheet to avoid wicking of
moisture from the floor strata.

CONCLUSIONS

Mine dust samples from the 2010 MSHA quarterly band sample
surveys database exhibited the seasonal trends that have been
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previously observed. Although the majority of the samples contained
less than 2% moisture, seasonal (summer) samples of various
individual mines shown in Figure 4 contained upwards to 10%
moisture. Also, 1,324 individual samples that were considered as
compliant would contain less than 80% incombustible if the moisture
were removed.

In experimental testing, these same trends were observed in the
rock dust located on the floor of the NIOSH OMSHR Safety Research
Coal Mine. Although rock dust bags that were isolated from the floor
only gained less than 0.5% moisture, rock dust samples that were in
direct contact with the floor gained upwards to 20% moisture in the
summer months, then lost considerable moisture again in the winter
months. This would be more indicative of rock dust that is applied and
is in direct contact with the roof, ribs, and floor of a mine. Any moisture
that seeps from the local coal or rock strata or condenses on the mine
surfaces would be immediately wicked by the rock dust.

Currently, when determining the incombustible content of mine
dust samples, the as-received moisture is analyzed and classified as
incombustible, although it has been recognized in this recent OMSHR
study and for many years that the humidity and moisture within a mine
vary greatly with seasonal changes. As has been previously
demonstrated and proven here again, rock dust can gain as much as
20% moisture in the humid summer months and then lose much of that
moisture during the dry winter months. Therefore, given the
inconsistent nature of the moisture content within a mine dust sample,
the as-received moisture should not be considered and depended
upon as a reliable incombustible material to inert coal dust.
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