Table 3: Mining Conditions

Factor =~ Spontaneous = Factor Other Factors  Increased Output
Combustion Ranking Self-Heating
Potential Criteria Risk

Ambient high >19 °C " high Increased coal oxidation

temperature ° _ rate due to increased

medium >21 °C _ moderate temperature.
low >27 °C * moderate

Coalbed high >18m ‘ high Large-quantities of coal

thickness medium >3.1m moderate l:rﬂé:; worked-out or gob

medium >18m friability >50 moderate

Coalbed high >5 moderate Buoyancy and

gradient temperature gradient

medium >10 moderate  ©ffects in worked-out
. : areas.

Floor heave high >30 high Alr and water leakage
into sealed areas,
exposure of rider beds

medium >30 moderate and pyrite deposits to air
and water.

Floor heave high- overburden stiff pillar moderate Do.

potential >457 m design: '

y-a or ay

Rib sloughage high ' - >30 : high Increased amounts of
exposed coal surfaces

medium >30 moderate ,.ia"gg to oxidation.

Rib sloughage high overburden vyield pillar moderate Increased amounts of

potential >305 m design: exposed coal surfaces

Y, Y-y, or liable to oxidation.
y-a-y

Mining Practices

Mining practices are the only spontaneous combustion factors that can be directly controlled by the
operator. The type of mining (longwall or room-and-pillar), recovery ratio, gateroad pillar design, the rate of
advance or retreat, and panel dimensions are allimportant factors in determining the spontaneous combustion
risk of a mining operation. These factors control the amount of coal exposed and the duration that the coal
is exposed to air and moisture, and thus liable to oxidation. Other mining practices that affect the self-heating
of coal are the face ventilation air velocities and the caving height of the gob. These factors influence the
movement of air and moisture in the gob or worked-out area. These factors, their ranking criteria, the degree
of self-heating risk, and the program output for each factor are shown in table 4.

Although neither longwall or room-and-pillar mining is inherently more risky than the other in terms of
spontaneous combustion potential, longwall mining enhances many of the factors associated with self-heating.
This is primarily due to the formation of the gob and its subsequent ventilation while mining the active panel.
This can result in a situation where finely crushed fresh coal surfaces are exposed to slowly moving air.
Whether a heating develops depends on several other factors, such as the amount of coal left in the gob, the

rate of advance, and the reactivity of the coal.



© Table 4.- Mining Practices

Factor Spontaneous  Factor Ranking Other Increased Output
Combustion Criteria Factors  Self-Heating
Potential Risk
Recovery ratio high <0.85 high Increased amounts
of coal in gob liable
medium <0.8 mOderate to ox'daﬁon.
Pillar design high Y, Y-y, Of y-a-y longwall high . Increased amounts

of coal in gob due
to pillar crushing,

medium Ldo.....ll ..do.... moderate | instability of gob
seals. -

Rate of high <9.0 m/day longwall high Build-up of heat

advance/retreat ' : behind supports

medium <4.6 m/day : moderate due to longer
residence time of
gob coal in critical
gir velocity zone.

Panel high or panel width longwall  moderate Build-up of heat

dimensions medium >229m behind supports

due to longer
panel length residence time of
>2287 m gob coal in critical

air velocity zone.

Face ventilation  high or >0.94 m3/s longwall high Increased exposure

leakage medium of coal to air due to

leakage behind
supports, critical air

moderate  yelocity zone
pushed deeper into
gob.

Caving height high >5 times longwall high Increased air
average coalbed leakage into gob,
thickness mined intra-gob

. . communication
medlurn >7.5 times moderate paths.

average coalbed
thickness mined

The recovery ratio affects the amount of coal left in a gob or other worked-out area, where spontaneous
combustion usually occurs. The amount of coal left unmined from the coalbed depends on the coalbed
thickness, roof and floor stability, and coal quality. The recovery ratio can be a factor in both longwall and

room-and-pillar mining.

The gateroad entry stability also plays an important role in determining the spontaneous combustion risk
in a longwall operation. Yielding designs create fresh coal surfaces as a result of pillar crushing, increasing
the spontaneous combustion risk. In addition, yielding designs can affect the integrity of gob seals and lead
to air leakage into the gob. In general, stiff designs reduce the risk of self-heating by minimizing pillar
crushing. However, these designs can lead to rib sloughage and floor heave. ‘

The rate of advance or retreat is critical in controlling self-heating in a longwall operation. During longwall
mining, the leakage of air behind the roof supports may expose a zone of fresh coal surfaces to slowly
moving air, depending on the amount of coal left in the roof or floor, resulting in oxidation and the generation
of heat. In general, leaving large amounts of coal in the worked-out area increases the risk of self-heating,
by providing the fuel source exposure to the slowly moving air. As the face advances or retreats, this zone



moves with it, preventing the buildup of heat in any specific area. Howaever, if the rate of advance or retreat
is slowed or stopped, a buildup of heat leading to spontaneous combustion may occur.

The size of the longwall panel, particularly the width, is an important parameter in the rate of face advance
or retreat. The wider the longwall face, the slower the rate of advance, and the longer the coal in the area
being ventilated behind the face supports is exposed to the airflow.

The amount of air leakage behind the face supports depends on the caving characteristics of the gob and
the face ventilation rate. Very tightly consolidated gob restricts the flow of air through the gob material,
reducing the risk of self-heating behind the face supports. Large caving heights can lead to the establishment
of intra-gob cominunication paths, which can allow air and water migration to sealed areas.

SUMMARY

The SPONCOM expert system was developed by the USBM to aid mining operators, regulatory bodies, and
consultants in the assessment of the spontaneous combustion risk of an underground mining operation. To
develop the program, information was gathered and correlated with the USBM's experimental studies to form
the knowledge base for the program. The program is designed to obtain information from the user on the
coal properties, geologic and mining conditions, and mining practices. The program determines the coal’s
spontaneous combustion potential and what effect the coal properties, geologic and mining conditions, and
mining practioes have on the spontaneous combustion risk of the mining operation.
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