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Knowledge based expert system to assess fires
and pollution due to fires in underground coal.mIne

A considerable amount of coal is lost due to the fires in
underground/surface mines and it pollutes the natural en-
vironment because of the evolution of the pollutant gases like
carbon monoxide, oxides of sulphur and nitrous fumes be-
sides the unburnt hydrocarbons. Subsoil water loss in the
area are severely damaging the strata. The movement of
water overfire areas createfurther problems of low dissolved
oxygen and downward movement of salts thereby increasing
soil salinity, restricting end use potential of water. Hence,
the knowledge based expert system model is developed for
the combat of fires and also pollution due to fires by ana-
lysing the different causes of fires in underground workings
with the help of certainty factor techniques. The modifica-
tion of mining methods can be suggested to avoid danger-
ous combinations. These models help us to understand the
optimisation of the parameters needed to controlfires as well
as pollution due to fires in underground coal mines.

Introduction

Extensive studies are conducted worldwide for the prob
lem of spontaneous combustion of coal during under-
ground mining, seaborne transportation and surface

storage. The hazards from such occurrences in underground
coal mines are many.Though quite a few incidents have been
brought effectively under control, still there have been nu-
merous cases where the consequences have been costly-in
both lives and the material terms [IJ. The increased demand
of coal production has brought interruptions due to
unpredicted outbreak of spontaneous heating and the cost of
production has become expensive in terms of loss of equip-
ment, production output, the closure of mines and the steri-
lisation of valuable reserves. It has, therefore, become more
important to shape necessary preventive and protective
measures within an overall integrated fire protection strat-
egy, by employing systematic risk assessment and other
appropriate techniques during planning and design stages.
Techniquesfor dealing with outbreaks of self-heating are now
well developed in monitoring, sealing, cavity filling,
inertisation, ventilation and extraction. Analysis of the re-
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suIts of the researchers indicate that it is not possible to
completely eliminate all spontaneous combustion hazards
during mining operations. One of the generally accepted
approaches for systematically handling this problem js to
identify coal seams liable to spontaneous combustion, and
then set up precautionary measures in terns of susceptibil-
ity potential during planning and design stages [2]. So long
as the fires are limited to underground workings only, these
do not pose very serious threat because of their comparative
ease in tackling. As soon as these fires extend up to the
surface, it pollutes the natural environment very promptly and
deeply due to evolution of different pollutant gases. Till date,
there is no practical solution of this problem. An attempt was
made to develop the system dynamics model for the possi-
ble environmental pollution which may occur due to fires in
both underground and surface coal mines but it needs rig-
orous study for environmental management of the fire areas
[3]. This paper presents the development of the knowledge
based expert system for the control of spontaneous combus-
tion as well as the pollutions which may occur due to fires
in underground coal mines.

Concept of mine fires and environmental problems
created due to fires

Coal can interact with oxygen of air in ambient temperature,
liberating heat, which, if allowed to accumulate, would
enhance the rate and ultimately lead to fires. This liberation
of heat from coal due to interaction with oxygen is not
enough; the physical conditions must satisfy heat accumu-
lation situation for the initiation of this phenomenon [4].
Thus spontaneous heating would be facilitated in conditions
where large mass of coal is involved and ventilation is nei-
ther too little to restrict coal-oxygen interaction nor too big
to dissipate away all the heat generated from above. Under
such conditions, a part of coal mass may heat up to the stage
of ignition after the lapse of certain period, popularly known
as incubation period. This ignition temperature and incuba-
tion period can sufficiently be increased by microwave pre-
treatment and selective demineralisation of the coal under
certain specific experimental conditions [5]

Mine fires have caused damage to all the three basic
elements of the natural environment, viz. air, water and land.
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Application of knowledge base to combat mine fires
and pollution due to fires

Expert systems (ES) are an important practical aspect of
artificial intelligence (AI), which has been demonstrated to
have enormous pot~ntial for problem solving in applications
such as medicines, chemistry, manufacturing, mineral explo-
ration and so on [9]. These systems emulate human experts
to reach certain conclusions or recommendations and the
applicability of specialised knowhow requires situations and
expertise. In its simplest form, an expert system consists of
a knowledge base and an inference engine. Making up the
knowledge base needs facts and heuristic knowledge where
rules of thumb are used to solve problems. The inference
engine works with the knowledge base, retrieving relevant
rules and facts to solve a particular problem [10].

The development of a knowledge based expert system for
the control of mine fires in underground coal mine work-
ings need the quantitative assessments of the spontaneous
heating potential (Fig. I). Recommendations for improve-
ments in the techniques of mining and preventive strategies
will assist the mining engineers in mine planning, design
and financial decision making. The knowledge based expert
system for the pollution due to fires (Fig. 2) will instruct the

Different pollutant gases like carbon monoxide, oxides of
sulphur and nitrogen besides unburnt hydrocarbons are re-
leased to the natural environment during fire [3]. Subsoil
water loss in the area creates severe damage to the strata.
The movement of water over fire areas welcomes further
problems of low dissolved oxygen and downward movement
of salts, thereby increasing soil-salinity, restricting enduse
potential of water. The devastating effects of subsidence
increases erodability of soil. The nutrients may even be
completely leached out by the concentrated precipitation
which is common feature of our environment. Steams that
issues out of the cracks increase soil salinity through depo-
sition of salts at the mouth of the cracks [6].

Causes of mine fires

The exact causes of mine fires are till date unknown. Re-

searchers opined that there are geological factors, mining
factors and seam factors for this fire [7]. The importance of
each factor is yet to be analysed. The results from different
coalfields show that factors like shallow depth working, thick
seam mining and multiseam contiguous panel working had
created very complex situations which not only initiated the
start of fires but also speeded up their spread [8]. The
unscientific or slaughter mining had taken a toll of the
reserves particularly before nationalisa-
tion of the coal industry. Statistical
analysis results show that mine fires
have been caused mainly due to spon-
taneous combustion with 40% having
been caused by exogenous factors like
illicit distillation, hot ash dumping
against outcrop, travel from the refuse,
fires in old open cast workings and
direct contact with burning material. A
very conservative estimate has been
made of the loss of coal due to the fires
at a level of 37 million tonnes. This
burning problems assume importance
in view of not only the loss but the
block up of reserves are also mostly in
coking coal seams. The effect of the
fires has been so severe that the land
surface has been damaged to the extent
of over 17 sq.km. which can be taken
as the area of chimney stack discharge
smokes and evolves poisonous gases
into the environment continuously.
While poisonous pollutants are added to
the environment, thermal pollution and
damage to the structures are not less.
As a result, not only vegetation is com-
pletely lost but revegetation measures
also become difficult of yield appreci-
able results.
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Fig. I : Knowledge base to combat fires in underground coal mines
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Fig. 2 : Knowledge base to assess pollution due to fires.

environmental engineers to consult with the mining engi-
neers regarding the ongoing method of mining and if ne-
cessity arises can be modified from time to time. The gas
sample analysis. viz. CO.j°2 def. %, CO/CO2 %, CO/O2
def.%, CIH ratio, CO.jSO2 ratio of products by the environ-
mental engineers will provide indications of the fires.

The liability index (LI) and the relative degree of oxi-
dation (RDOX) of some coals to spontaneous heating have
developed based on crossing point curve analysis (relative
measure of susceptibility potential) and proximate constitu-
ents (moisture and ash). These correlations are:

(a) LI = 0.52*(.1T/.1t)IPr-CPr + 42*(.1T/.1t)cPr
Goodnessof fit = 0.98, and
Correlation coefficient =0.99.

(b) LI = 165 + 23.7 * M-12.3 * A-4.5*M**2 + 1.6*M*A
- 0.1**A2
Goodnessof fit = 0.87
Correlation coefficient =0.94

(c) RDOX =- 180 * (.1T/.1t)IPr-CPr+ 173 * (.1T/.1t)cPr
Goodness of fit = 0.93
Correlation coefficient =0.96

(d) RDQX = - 520 + 186*M - 23* A + 1.8*M**2 -{).9*M* A
+ 1.5*A**2
Goodness of fit =0.90

Correlation coefficient = 0.95.

where, .1T = Change in temperature
of coal with respect to
change in time (.1t),

IPT = Inflexion point tempera-
ture, i.e. the temperatur
after which rate of heat
up of coal is more than
rate of heat up of coal
seam.

CPT = The temperature at
which coal temperature
is equal to the coal seam
temperature.

By considering different self-heat-
ing parameters, regression analysis
equations are developed for the differ-
ent types of coals [8,11].

As per recommendation of World
Health Organisation (WHO) the maxi-
mum permissible limit for arsenic (As)
is 0.01 ppb, lead (Pb) Sb. ppb fluorin
(F). 0.08 ppb whereas cadmimum (Cd)
is 5 ppb.

Medical investigations show that
arsenic poisoning leads to neurological
and bronchial disorders, problems in
vision or hearing and melanosis or pig-

mentation of the skin to keratosis or eruption of modules
which might turn to cancerous problems. Pb and Cd are
highly toxic. Drinking water contaminated with these met-
als or their compounds can lead to kidney, liver or
gastrointestinal tract disorder. Increase of F content in drink-
ing water, redundons the straightness {)f legs, weakened by
fluorosis, unable to bear the body weight As a result hands
are deformed, swollen and excruciates pain in joints.

The combined risk factor for different pollutants; can be
calculated by using a generalized formula
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CF = x.CFI + y.CF2 * ( I-CFI )

where CFI and CF2 stand for certainty factors assigned
to the satisfied norms in the knowledge base, and x, y, are
the constraints for the pollution generatIon in the fIre area.
Considering the fact that each contributing factor does not
necessarily lead to pollution to the same degree, a number
from 0 to I, can indicate the relative weightage of different
factors. This can be demonstrated by the following example.

If pyrite content is high and pyrites state is highly fri-
able then suggestive evidence of air pollution due to increase
in CO-jSO2 ratio is around 6.8% so the maximum belief in
pyrite leading to heating risk is 4.1% (This is calculated from
pyrite theory).



If coal porosity is vey good and coal friability supports
it then suggestive evidence of landscape pollution due to
physical structure is 8040% and the belief in physical struc-
ture responsible for fIre risk is 404%([his is calculated from
Peter's equation).

The collected data from different fIre affected zones are
analysed and by applying the certainty formula the gener-
alized equation comes to be

CF =0.19 * CFl + 0.22 * CF2 * (I~FI)
Goodness of fit =0.89 and correlation coefficient =0.94

The norms for CFl and CF2 are given by the Pollution
Control Board (PCB). By applying this formula the pollu-
tion due to fires can be measured.

The concentration of diflerent pollutants in the fIre affec-
ted areas and their standard norms are presented in Table 1.

TABLE 1 CONCENTRATION OF DIFFERENT POLLUTANTS IN TIlE FIRE

AFFECTED AREAS AND TIlEIR NORMS.

The development of regression analysis equations for the
air, water and landscape pollution due to fires are in progress.
These equations from data base will indicate the possibility
of pollution and its control measures. If necessity arises,
mining methods should be modified as per risk assessment

Conclusion

These knowledge based expert systems in control of mine
fires due to spontaneous heating and pollution due to fIres
is a prototype application. Quantitative assessment of self-
heating risk of coal in a specific mining situations is I?os-
sible by determining the certainty factor techniques. The
minimisation of fire risk can be evaluated by identifying the
major factors contributing the heating potential. The main
factors exaggerating the pollution and the breadth of pollu-
tion due to fire is also possible to measure. The optimisation
of the different parameters will obviously reduce the loss of
resource due to fire and the analysis of pollution due to fire

will identify the difficult mining conditions also. Precaution-
ary measures of the modification of mining methods will save
the natural environment from this typical pollution problem.
Though the study is tedious still this model can better be
developed by analysing more statistical data.
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Pollutant Concentration Nonns

Maximwn Acceptable

SPM ij.Lg/m3) 952 500 100

SO2 ij.Lg/m3) 147 120 30

NO2 ij.Lg/m3) 120 120 30

CO ij.Lg/m3) 5000 500 100

Soil conductivity (m.Mohs/cm) 29 15 1

Soil Temperature (OC) 650 80 36

Restoration of quarry refuse
(mMohs/cm) 4.5 1.5 0.4




