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ABSTRACT

Air pressure balancing techniques can be used easily and efficiently for
controlling and preventing spontaneous combustion of coal in gob areas.
This paper provides descriptions of and examples for the application of
the pressure chambers and pressure-adjusting fans, as well as discussing
techniques of changing air-leakage paths.

OZET

Hava basincini dengeleme teknikleri kémir madeni gdguiklerindeki gizli
vanginlarin kontrol ve &énlenmesinde kolaylikla ve basarili olarak
kullanilmaktadir. Bu yazida, basing¢ odalari, basing¢ dengeleyici
vantilatdrler ve hava kagak yollarinin degistirilmesi gibi teknikler
incelenmekte ve bu tekniklerin kullanilisina ait &rnekler
verilmektedir.
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1. | NTRCDUCTI ON

Spont aneous conbustion of coal has been one of the nost serious problens
in coal nining. If not prevented or controlled at an early stage, a
spont aneous incident may endanger |life by generating a nine fire or

expl osi on and nay cause substantial |oss in coal resources.

Early detection of spontaneous heating is very inportant in controlling
and mnimzing fire and safety hazards, as well as costs associated with
these incidents. Coal nining conpanies operating in coal seans
susceptible to spontaneous conbustion shoul d devel op nethods for early
det ection of spontaneous heating so that corrective measures may be
taken before it is too |ate.

Sone coal seans are considered nore susceptible to spontaneous
conbustion than others. Studies indicate that rank of coal, friability
of coal and mning methods are inportant factors in this susceptibility
(Koenning, 1989 and Mtchell 1990). Lower-ranking coal tends to be nore
suscepti bl e than hi gher ranking coal to spontaneous cgnbustion. In
general, lignite coals are the nost susceptible with sub-bitunm nous and
bi t um nuous coal being progressively |ess prone to self-heating.

Friabl e coal, which breaks nore finely and consequently exposes |arger
surface areas to the mne atnmosphere, pronptes oxidation. Caving and
partial extraction methods |eave | oose and finely ground coal particles
in gob areas and this create potentially dangerous areas in which

spont aneous conbustion may occur.

Coal susceptible to spontaneous conbustion is easily oxidized. The heat
generated by this exothernic reaction causes tenperature increases in
the coal and consequently a spontaneous incident can occur. This
incident will not occur if (i) all coal and tinber are renoved fromthe
area, (ii) heat generated by self-heating is renoved fromthe area by
the incomng airflow, or (iii) the airflowinto the area is not
sufficient to pronote the oxidation process. |In fact, statistical data
indicate that nost spontaneous conbustion occurs in gob areas where both
| oose coal and an adequate air |eakage into the area are present.

Several nethods can be used to prevent or control spontaneous conbustion
of coal. As suggested above, these nethods are based on either renoving
the fuel fromthe area or controlling ventilation into the area.

However, although renoving the fuel —which consists of |oose coal |eft
inthe gob, or tinber supports -- is a theoretically applicabl e measure,
its application is very linited and generally it is not practically
feasible. Therefore, controlling air flowinto the area is the nost
common neasure taken. Two different air-flow control nethods are used
to prevent or control spontaneous conbustion of coal. The aimof both
«methods is the reduction of air |eakage into gob areas. The first deals
with the building of high-quality air seals in every roadway |eading to
and fromthe area; the second reduces the air-pressure difference
between the inlet and the outlet of the |eakage paths. The building of
hi gh-quality seals is the traditional method; best results, however, can
be obtai ned when high-quality air seals are conplenmented with pressure
bal anci ng t echni ques.

Many ventilation engi neers have been doing research on mnimzing the
air pressure differences along air |eakage paths, since the |eakage of



air is proportional to the pressure difference between the inlet and
outl et ends of the paths. That is, the higher the pressure difference,
the greater the quantity of air that leaks into fire areas. Pressure-
bal anci ng t echni ques can be used to reduce pressure differences and
consequently to decrease airflowinto these areas. Al though there are
many different techniques applied in quite different ventilation
networks, the basic principles are relatively the same. Three of these
t echni ques, including the building of pressure chanbers, the
installation of pressure-adjusting fans and the changing or adjusting of
| eakage paths, are described in this paper.

2. PRESSURE CHAMBERS

Pressure chanbers are used to reduce the air pressure difference between
the two sides of a fire area. The chanbers are formed between the
original stopping and the auxiliary stopping on one or both sides of the
fire area. For exanple, in Figure 1, the original stoppings SI and S2
and the auxiliary stoppings Tl and T2 formthe chanbers d and C2,
respectively.
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Figure 1. Pressure Chanbers

In order to reduce pressure differences between both sides of the fire
area, an additional airway is created by an iron pi pe connecting the two
air chambers. If the pressure difference between the nodes 1 and 2 is
H12» theair guantity flowing through branch b is @,, and the air
quantity flowing into the fire area is Q before the pipe is connected,
t hen:

Hy, = Ry Q2
Hy =Hjy and He = Ry Q"

where R* is the resistance of branch b, and H. and Rf are the pressure
di fference and the resi stance between the two chanbers, respectively.
The exponent n may have a val ue between 1 and 2 dependi ng upon the state
of air flowin the | eakage area. After installation of the pipe, the

| eakage through Branch a plus the flowin the pipe is greater than Q
because the total resistance of the branch is less than it was before
the pipes were installed. However, nost of Q now flows through the
connecti ng pi pe since the resistance of the connecting pipe is less than
the resi stance of the stoppings. Therefore, the | eakage into the fire
area is less than it was previously.

Assume that the air quantity flowing into the fire area is f, and that
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& is much less than Q.. Then:
H') = Rg Q" << Hy
Qa = Qf + Qp

where H” is the pressure difference after the pipe is installed and Q
is the air quantity flow ng through the pipe.

There are different ways of using pressure chanbers to adjust air
pressure (Mutukuri and Lanma, 1986). A single pressure chanber is shown
inFigure 2. InFigure 2 (a), the pressure chanber is set up on the
intake side of the fire area and connected to the return side of the
network by a pi pe. Because the two ends of the pipe connect the intake
and return sides by adjusting the pressure difference between these
sides, nost of the air flow ng through branch a nust flow through the
pipe. This in turn reduces the air quantity feeding the fire area.

The quantity of air flow ng through the connecting pi pe depends on the
diameter and length of the pipe and on the location of exit 2. Wen the
di ameter of the pipe is chosen, the closer point 2 is to the upcast
shaft the higher the pressure difference between both ends of the pipe.
As aresult of this greater difference in pressure, nore air flows

t hrough the pipe which in turn reduces air flowinto the fire area. The
arrangement in Figure 2 (b) uses the same principle.
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Figure 2. Single Pressure Chanber
Exanple 1
An application of the pressure chanber technique in the No.| Coal M ne
of DaTong Bureau in ShanXi province, P.RC, is illustrated in Figure 3.

In this m ne,
spont aneous conbustion occurred (Fan,

1988).

the first level was extracted many years ago and a

The car bon nonoxi de and



other harnful conbustion gases subsequently spread to the second |evel.
In order to extract the second |evel safely, a single pressure chanber
was used in order to adjust the pressure difference at the first level.
This consisted of Chanber 4, auxiliary stopping T and a pipe of 0.5m
diameter extending from Chanber 4 to the surface. As a result of reduced
air flow, the fire inthe waste area was extingui shed six months |ater.
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Figure 3. Nunber 1 Coal M ne

The reduction of airflowinto the fire area may be explained by the
foll owing pressure-bal ance equations.

Let the air quantity flowing into the fire area be equal to zero. Then:

HO X H04 = *0U Q042

A4 Rp T HOL 1 %4

where R_is the resistance of the pipe, HQ" is head | oss in the downcast
shaft, and QQ" is the estinated | eakage into the fire area. If needed, a
valve may be installed in the pipe, allowing airflowto be regulated by
adj usting the resistance of the pipe.

3. ADJUSTI NG FANS

The purpose of using adjusting fans is also the adjustment of pressure
differences between the inlet and outlet of air |eakage paths. Several
different conbinations of booster and/or auxiliary fans can be used for
the sane purpose.

In Figure 1, a booster or auxiliary fan could be installed in Branch b
as an alternative to the pressure chanber and pi pe arrangement shown. In
this case, the operating point of the fan should be selected careful ly
so that the pressure difference between nodes 1 and 2 woul d be equal to
zero.

A conbi nation of one auxiliary fan and one pressure chanber used in
order to prevent air |eakage through the fire area is shown in Figure 4.
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On the "intake side of stopping SI, an auxiliary stopping T is built in
order to forma pressure chanber, A fan and a duct are used to exhaust
the air |eakage flowing into the
chanber and to deliver the

| eakage into airway b. If all of
the | eakage flowing into the
chanber is exhausted by the | ocal
fan, the |eakage flowing into the
fire areawill be zero. In order
to adjust the air quantity, valves
VI and V2 can be used.

Figure 4. Fan and Pressure Chanber

D fferent conbinations of this pressure-adjusting technique are shown
inFigures 5 (a), (b) and (c). Arather different pressure-adjust ment
nmethod is illustrated in Figure 5 (c). Inthis case a spontaneous
conbustion occurs in the gob area, spreading harnful gases toward the
working face. In order to continue to extract the coal in the panel, an
auxiliary fan at the intake gate and an air regulator at the return
gate have been installed. The pressure increase between the fan and the
air regul ator keeps the gob area under high pressure and thus prevents
harnful gases fromreachi ng the working face.
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Figure 5. Fan and Pressure-Chanber Conbi nations
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Exanpl e 2

Afire was detected at the intake airway of a section in Chai Li Coal

M ne, Shandong province, P.R C The source of the fire was | ocated 70m

fromthe working face, where CO content was found to measure as high as

60 to 100 ppm In order to be able to continue production at the section
and to put out the fire quickly, an air door in the intake airway of the
wor ki ng face and two fans outside of the door were installed, as well as
a duct for delivering fresh air to the end of the face, used in order to
bl ock the flow of oxygen to the fire. At the sane t'ine, an air regul ator
was installed in the return airway of the*face as shown in Figure 6. As

aresult of these neasures, it was possible to extinguish the fire

qui ckly (Fan, 1988).
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Figure 6. Chai Li Coal M ne

4. CHANG NG LEAKAGE PATHS

Thi s met hod changes the | ocations of ventilation devices so that the
pressure distribution and | eakage paths will be correspondi ngly changed.
This usual |y necessitates installation or renmoval of air |ocks or

per manent stoppi ngs, alterations capabl e of reducing pressure

di fferences between the inlet ati outlet sides of a fire area.

The return airway is cut off and then reconnected to the intake airway.
In this way, the pressure difference between the intake and return
airway is minimzed and air |eakage paths are changed. Assume that the
gob area of a longwall panel is sealed off by stopping SI and S2 as
shown in Figure 7. |If no additional measures are taken, there will exist
a pressure difference between stoppings SI and S2, resulting a rather
large | eakage into the gob area. This may create a potentially dangerous
area for spontaneous conbustion. In order to reduce the pressure

di fference between stoppings Sl and S2, the fol |l owi ng neasures may be
taken: (i) build an air lock or stopping at B; and (ii) remove the air
lock set in position A After these two measures are taken, stoppings Sl
and S2 will both be connected to the intake airway, which wll

substantial ly reduce the pressure difference between the two outby sides
of stoppings SI and S2.
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ligure 7. Changi ng Leakage Paths

5. CONCLUSI ON

rhe air-pressure adjusting techni ques discussed can be used for

control | i ng spontaneous conbustion not only in a localized area but al so
inlarge waste areas. They are easy to inplenent, feasible and
efficient.

I'n appl yi ng these net hods, the ventilation engi neer may have- several
choi ces which wi Il bring about the same results. Canonical pressure
diagrans of a ventilation network can be used in order to identify high
head-| oss areas and consequently the applicability and expected

ef ficiency of various pressure-adjusting techniques.

In order to increase the stability of airflow, it is highly advisable to
use these neasures in addition to high-quality air seals. Irrespective
of the control method sel ected, careful engineering analysis and
constant monitoring of the effectiveness of the pressure bal anci ng

t echni ques shoul d be perf or med.
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