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That depressiong in atmospherie
bressure result in inereased emission
of methane in coal mines ig g well-
known faet. That the same depres-
sions, when followed by eold, dry
air masses, produce g rapid loss of
moisture from coal dust iy 5 more
recently recognized relationship (Me-
Increasing methane
content andg drying cogl dust are
conditioned changes toward greater
risk of methane op coal-dust explo-
sions, Knowledge of the magnitude
of thege changes in content of meth-
ane and moisture ipn coal dust eonld
be of some importance in the coal-
mining industry, particularly Where
the variation in explosive elementg
is great,

This paper bresents a simple meth-
od by which g mine Superintendent

are found throughont
the Uniteg States under varying
climatie conditiong, Explosiong have
Occurred in gJ] major fields, The
Eorecasting information bresented
lere pertaing primarily to the East.-
0 Region of the Interiop Coal
rovinee which inclydeg the Illinois
oal fields,

Um‘versity,

OCharleston,

The methane gng coal-dust pe.
search studieg were made in Peabody
Coal Company mines No, 14 and
No. 17,

Forecagming Mermang CoNrrNny

The meteorologica] aspects of the
forecasting Procedure must, of
course, be left in the handg either
of the Uniteq States Weather By
reau or of private industria] fore-
casters. A few words about the gen-
eral weathep conditions shoylq suffice
here,

Roeky Mountaing,
the High Plaing to the east of the
Rocky Mountaing i8 often broken in-
to three or foyr Separate areas anq
called the Albertg source, the (Colg.
rado Source, and the Southwest
source. In reality, thig linear region
is a continuoyg north-south zope of
cyclogenesis.

The barogram record from g baro-
graph operated in Marion, Illinois,
Was inspected for drops in Pressure
of one-half inch or

This region on

crease in methane
atmosphere. The Marion record
covered a periog from September,

[133]




134
DEC. |9 DEC. 20
IN. '
30.40
30.20|
' .
300 7
\ /d
29.80 e
ATMOSPHER!C
29.60 PRES\SURE

Tllinois Academy of Science Transactions

" Fi6. 1.éAtmospheric-pressure-methane relationship in southern

Tilinois coal mine.

1939, into November, 1952. Synoptie
weather maps Were available for
37 of the depressions marked by at
least one-half inch fall in pressure.
The source region of the 37 eyclones
is shown in Table 1. This table
indicates that cyclones producing
significant drops n parometric pres-
sure over southern Tilinois come
more often from the Texas and Colo-
rado source regions than from far-
ther north. ' :

. The effect of & drop in atmospheric
pressure Over a southern Tllinois
mine 18 Nustrated in Figure 1. The
weather maps ip this figure show
a deepening 1ow moving from the

southwest toward the northeast
across Illinois. Mierobarographs, on
research loan from the U. S. Weath-
er Bureau, were located in @ mine
entry at the point where air sam-
ples were {aken and on the surface
a short distance from the mine shaft
These recording spstruments  werd
used by the author to obtain thi
pressure trace shown in the uppe
of the accompanying graphs.
upper graph indicates the depressio
of atmospheric pressure at the min
resulting from the eyclonic passag
The lower graph shows the chan
in methane content of the mine 8
as the eyclone passed over the mir
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TaBLE 1.—Source of Deep Lows Observed
in Southern Hlinois Coal Field

1939-1952,

Source of low Number of lows

T SR
Southwest... . 15
Colorado.., /"""~ 11
Yyoming and Montang,. 5
erta. ..o 6
Total.... . ... . 37

methane content because of the pres-
Sure differential get up in the mine
between entries and methane storage
cavities. The term ‘‘methane stor-
age cavities’’ ag used here refapg to
rooms with bermanent op temporary
stoppings, crevices, fissures, ang
other places where methane may
accumulate with little disturbance
from ventilating ajr,

Falling aip Pressure at the gur.
face is accompanied by 4 like preg.
Sure change in aip ventilating the
mine. The result is lower aip pres-

of the atmosphere ip the cavitieg.
When atmospheric Dbressure in the
entries is high there
for air to infiltrate the methane stop-
age cavities,

The relationship between atmos-
Pheric pressure and the methane econ-
tent of mine atmosphere ig shown
in Figure 92,

is a tendency .
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Samples werg taken from the same
Spot in the main return entry about
one-half mile from the ajp outlet,.
Most sampling wag started ag 5
cyclonie depression approached
southern Illinoig and wag continued
during the ensuing fall gng rise in
bressure, Sampling on  oceasion,

to obtain ajr Samples at six-hour
but the intervalg varied
somewhat depending upon accessi-
bility of the sampling spot,

The overal] arrangement of oty
in the Scatter diagram gives an in-
Verse ratio, with higher methane
readings associated with lower preg-
Sure readings. (loge observation re.
veals that the alignment of dots ig
line. Little increage

The zone between 29 97 and 30.0”
1S a pivotal or fulerum zone deter-
mined by the average atmospherie
pressure for the elevation of the

TARLE 2.—Loss of Life in Dry-Air

. Explosions.
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Fie. 9.—Scatter diagram of methane content from regearch coal mine.

research coal seaml. The coal seam
was almost exactly at sea level.
Average sea-level pressure is 29.92"
and, since this figure fits into the
pressure range of the pivotal zone
it was used as the pivotal point
where the pressure differential
changes direetion. Above this point

the average atmospheric pressure ghi
to be greater that
and belov

the entries tends

in the storage cavities,
99.92” the average pressure in th
entries tends to be
methane storage cavities. The line
of Tregression plotted for Tpoini

pelow the dividin

found above and

e ——————TT SRS e . - .

less than in th
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bressure-leve] help one visualize the
above-mentioned difference,

A mine ig classified ag gassy when
the mine atmosphere ig found to con.-

‘the gassy classification, Aetually,
there gare few non-gassy mineg,
Note in Figure 2 that the lines of
regression depart from the selected
Pivotal bressure-leve] slightly above
the 0.259, content. Below the piv-
otal Dressure-leve] the line of regres-
sion indicates g methane content
above the gassy classification.

Dots in Figure 3 represent the
methane content in 57 of the 72
previously-shown air sampleg taken

mospherie
‘roughs,

low-pressure cells or
The methane content in
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the return aip of the mine g shown
along the vertical  axig, The hori-
zontal axis iy g time scale i
diverging from the time

cordance with
from gzero hour,
The methane content in thig mine
gassy classification
as much as 24 hoypg before the time
of lowest bPressure. The Progression
from non-gassy to 8assy classifien-
tion, however, came most often from
8 to 16 hours before the low-pressure

Bt S
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Fic. 4 —Chart used in determining methane content for a forecast low pressure.

sure and methane statistics for the
methane amounts noted below the
pivotal pressure of 29.92" in Tig-
ure 2. Given @ forecast of low pres-
qure, the best estimate of methane
content will be found along line
M, and between the dashed lines,
M, and Mo, 95% of the time.

Given (1) the time of low passage,
and (2) the forecast barometric de-
pression, the mine superintendent,
by observing the time when the ba-
rometer drops below the pivotal
pressure, 104y determine the approxi-
mate duration of gassy conditions
and percentage of methane content
at the time of lowest pressure.

A mine superintendent ecould use
a . simple inverted T.scale to Pplot
the probable inerease 1B methane.
An example of such a construction

is pietured in Figure 5. For exam-

ple, the time of Jow-pressure pas-
sage over the mine 18 forecast for
9:00 p.m. This time is represented
on the time geale by zero (0) hour.
The atmospherice pressure falls be-
low the pivotal pressure for the mine
at 6:00 am. on the day of the ex-
pected low pressure. The 15 hours
representing the time difference be-
tween 6:00 a.n. and 9:00 pm. is
marked off to the left of zero hour.
The pressure forecast calls for @
reading of 929.50". The expecteC
methane content is found as show?
(Fig. 5, “B’7) by moving horizon
tally from the forecast pressure 0
29.50" to the line of regression
and then dropping vertieally to tl
methane scale. The methane sca.
indicates a reading of 0.53%. Th
reading is marked on the vertic
axis of Figure 5 (A) and forees
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F16. 5—Chart used in diagramming forecast conditions.

lines drawn to minus 15 hours angd
plus 15 hourg on the horizonta] time
scale. Sueh 5 graph wonld indicate
& gassy mine condition from 6:00
a.m. one day untj] noon the follow-
ing day with & maximum methane
eontent of 0.53% at 9.00 p.m.
Some areas in mines, becanuge of
technical op natural reasons, have
an unusually high methane content
éven under normg] working condi-
Such areag are inherenﬂy
dangerong during an atmospheric
depression, These areas should have
Special attention in methane test-
ing and foreeasting. Scatter dig-

on the methane scale,
5 (C), eould be used to make fore-
cast plottings, The readings of 1.0,
1.5, and 2.0% have been emphasized
vecause of the significance associated

with thege figures ag noted in the
Ilinois  Cogl Mining” Act (1953)

eharaeteristies.
discussed here woulg be valig only
for the mine from which the gip
samples were taken,

Coar-Dogr DANeER Prriop

Experimentation in two Ilinois
c0al mines hag established the fact
that change in aip masses, when the
second air magss jg cold angd dry,
results in g rapid loss of moisture
from coal dust, Researeh with the
coal dust hgg indicated g loss of
from 7 to 11% of the total moistyre -
content in ceogl dust within 24 to
36 hours after such g change o¢.
Such a logg of moistyre from
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Fia. 6.—Weather charts for the 1951 West Frankfort explosion.

coal dust permits the dust to be
more easily dispersed into the air,
where it may be ignited.

Coal-dust explosions result in more
extensive mine damage and genetr-
ally greater logs of life than explo-
sions resulting from methane gas
only.

With these facts in mind we may
take a look at some relationships
between weather, coal dust, and
mine explosions. Figure 6 pictures
weather maps for December 20 and
91, 1951, with two aecompanying
charts. The upper chart represents
the barogram trace from a weather
station near the location of a coal-
mine explosion. The lower chart
pictures the radiosonde jnformation
for December 90 and 21, 1951 The

barogram trace and maps show the
Jow-pressure area passing OVer Tli-
nois late on December 20. The ex-
plosion took place late December 21.

Lapse rates, A, B, C, plotted from
Rantoul radioson de observations
were taken at the times shown by
letters and arrows along the baro-
gram trace in the upper chart. The
94 hours elapsing between A and C
brought a drop in surface tempera-
ture of 36.7° F. The loss in the air-
mass temperature i evident at al
elevations.

The relative humidity droppe
from 100 to 72% during the 24 hour
between. A and Although thi
lowering of the relative humidit
gives some indication of @ drop 1
air moisture, the triie moisture 10
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is masked by the accompanying drop
in temperature. The vapor pressure
at the time of A was 0.203"; it
dropped to 0.024” at the time of (.
With such a drop in vapor bressure,
loss of moisture from the coal dust
should have been considerable, The
large area of destruction in the mine
was evidence of the important part
coal dust played in spreading the
explosion from the point of ignition,
Coal - mine explosions oceurring
since the advent of the radiosonde
are limited in number, But one of
the first steps in determining fore-
casting possibilities associated with
danger periods in coal dust would
be to make thorough investigation
of the radiosonde information avail-
able for these few coal-mine explo-
sions. :
Samples of the atmospheric pres-
Sure patterns similar to those men-
tioned above are bresented in Figure
7. The barograms are all associated
with mine explosions in the Eastern
Region of the Interior Coal Prov-
ince. In each of the cases shown,
the explosion occurred between 22
and 28 hours after the time of lowest
bressure. Cold air masses followed
the low bressure, placing the mineg
under the influence of cold, dry air
approximately 24 hours before the
explosions. Four of the five explo-
sions associated with the pressure
. Dbatterns shown in Figure 7 resulted
in a large loss of life (Table 2).
Thus, we find similarity not only
in the weather and time relation-
ships, but also in the generally high
loss of life in these explosions,
Number IV angd Number V in
Figure 7 represent the barograph
traces for the Centralia (1947) and
the West Frankfort (1951) explo-
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sions. Both of these explosions
took place under mining praetices
Prevailing at the bresent time, The
bressure fell a little more than 0.77
in one case (includes .34” fal1 dur-
ing last 13 hours of March 22) and
0.8” in the other. Tn both instances
the lowest bressure was approxi-
mately the same. Both explosions
took place about 28 hours after the
lowest pressure and when the pres-
sure had risen to 80.06 to 30.08”, In
both cases the vapor pressure had
been below normal during one of
the three days prior to E day, had
fallen below 0.080” on the day of
the explosion, and remained low
during the following three days. And
in both cases more than 110 lives
were lost.

The -vapor-pressure changes as.
soeiated with the Centralia and West
Frankfort explosion periods are
shown in Figure 8, Water-vapor
content of the air on hoth explosion
days is far below normal. There
must have been rapid drying of coal
dust within that bart of the mine
affected by the dry, cold air.

Much more research needs to be
done in connection with the effect of
air-mass exchange upon coal-dust
moisture, The relation of moisture
to dispersibility of dust, however, is
not the only line of research await-
ing attention. For instance, there
is some indication of differences in
the development of statie electricity
under conditiong of moist air and
dry air. Some theories set forth
the idea that explosions have an
eleetric origin rather than a thermal
one (Hartmann, 1954). The drying
period following a cold frontal pas-
sage could be a period of rapid in-
crease in static electricity on the
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F1c. 8.—Vapor-pressure patterns for the Centralia and West Frankfort explosions.

coal dust. It might not be out of
place to suggest an investigation
of this aspect in relation to a pos-
sible connection with explosions.

SUMMARY

The establishment of a regression
line on a scatter diagram of methane
observations may be used to forecast
periods of excessive methane content
in coal mines. Given the time of
an expected low-pressure passage
and the lowest associated pressure,
the mine superintendent may deter-
mine the duration of gassy mine

conditions, the time of greatest meth-

ane content, and the maximum
amount of methane expected.

Dangerous coal - dust eonditions

are seemingly closely assoclated with

" post-cold frontal drying. More work
must be done in connection with
relationships between water vapor
of the air, coal-dust moisture, coal-
dust dispersion, and possibly with
the development of static electrieity,
before a system of forecasting dan-
gerous coal-dust conditions ean be
established.
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