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ABSTRACT

The paper describes current work to develop an improved ventilation strategy to handle
increased methane emission from some highly productive faces. District geometrical
configuration and air quantity determine the amount of methane which can be handled.
Ventilation cost simulation exercises were carried out on a common network for differing
ventilation layouts and fan capacity. The suitability of the various layouts in relation to
total production rates was recognized and related to the practicalities of their introduction
to real systems, the intended aim being to arrive at a means of showing ventilation cost
versus production for a particular district layout

OZET

Bu makale, ytiksek tiretim kapasiteli bazi ayaklardan gelen agin metan emisyonunun
kontrol altina alinabilmesi igin, gelistirilmig bir havalandirma stratejisinin iyilestirilmesine
yonelik bir aragtirmayi vermektedir. Ocagin geometrik sekli ve hava miktari kontrol
altina alinabilecek metan miktanim beliflemektedir. Havalandirma maliyeti modelleme
testleri sabit bir sebeke Tlizerinde havalandirma semasinin ve fan kapasitesinin
degistirilmesiyle yapilmistir. Toplam tiretim oranlarina bagh olarak degisik semalarin
uygunlugu, tanimlanmis ve bunlarin gercek sistemlere uygulanabilme durumlar
verilmistir, hedeflenen amac, belirli bir tiretim yeri semasi igin, Tiretim miktarlarmna kaigin
havalandirma maliyetlerini verebilmek olmaktadir.
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(**) Research Student Department of Mining Engineering, University of Nottingham
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1. INTRODUCTION

In many UK cod mines there is atrend to reduce the number of working faces and
obtain the same or increased production for less capital expenditure and operating cost.
Improved strata control techniques, standards of machine utilization and equipment
reliability allow higher levels of production to be attained provided environmental
conditions are favourable. However, in many cases, environmental factors have the
potential to restrict production and of these methaneis the principal congtraint. Methane
creates arisk of explosion within a concentration range of 5%-15% in air and can, in the
UK, halt production if general body concentrations reach 1.25% as by law the power
supply to the face must be switched off. The methane release into the ventilating
arsream can be reduced by employing methane drainage techniques and these are widdly
used. A particular digtrict ventilation layout can handle varying rates of methane emission
depending on its geometrical layout, face section and district air quantity. Astherate of
face production is increased so must air quantity in order to maintain legally acceptable
methane concentrations. At some critical tonnage aparticular layout may cease to provide
the most economic ventilation solution and aternative layouts merit investigation. This
tonnage can be variable from mine to mine and even within the same mine. The paper
serves to demondtrate the differing ventilation costs for various layouts usng a common
ventilation supply network and discusses some of the implications of these layouts when
consdering their introduction to real systems.

2. THE NETWORK USED IN THE TESTS

Distit I ‘: r: \ a2

District 3

Figure 1 The Basic Network

A smple network was chosen (Figure 1) supplying three working districts. In each
smulation the supply network (i.e. the shafts and main airways) were kept congtant while
the district configurations were changed. The tota length of roadway (i.e. face, intake
*ad return airways) for each layout was also kept constant for all the district
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configurations. The resistances of the airways were caculated using the established
ventilation resistance equation;

kOL
R==" [1]
R = resistance Ns/m®,
k = friction factor kg/m?,
0= imeter of roadway m,
L = length of roadway m,
A = cross-sectiona area of roadway m?.

The inevitability of changes in face cross-sectional area, perimeter and surface
roughness led to avalue of k = 0.04 kg/m? being chosen which is taken to represent good
to normal face conditions (1). Usingthisvaue in Equation 1 gave acorresponding face
resistance of 0.72 Nfym® for a face of 250m length by 2m height by 2.5m wide. The
maximum permissible face air velocity was taken as being 4.5 m/s which gave a
maximum face flowrate of 22 m?/s.

3. SMULATION METHOD

The cost smulation exercises were carried out using a demonstration version of the
VNETPC 3.0 ventilation smulation program. In each case the surface fan was attached
to the upcast shaft. In thesetests, five different district configurations were investigated,
which were U, W, Y, Double Z and E. The first exercise for every layout used the
standard fan characteristics which were subsequently uprated by varying amounts to
deliver the required flowrate. The fan was uprated by using the Fan Laws, i.e. a 10%
increasein flowrate resulted in a33% increase in ventilation costs (power <* quantity®).
The fan gave an approximate range of airflow from 72 to 125 m*/s. No account was
taken of waste leakage, the whole of the total district airflow being considered to be
delivered to the face.

Operating cost data was produced from the simulation and this was used to enable
operating cost graphs to be drawn for each of the different layouts. The final graphs
show the weekly production with its corresponding ventilation cost for a given return
methane concentration. These graphswere arrived at by;

1. using return methane levels for a constant weekly production (2). These methane
emission quantities used relate to the gas being released directly into the ventilating
airstream (Figure 2).
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2. caculating all the necessary arflow quantities to deal with a pecific return methane
levd a the UK statutory methane limits of 1.25 and 2.0% (Figure 3).

3. from 1 and 2 arriving at an airflow versus tonnage graph at the 1.25 and 2.0%
methanelimits (Figure 4).

4. once al of the smulation exercises had been completed for a particular layout, a
graph showing annual ventilation cost versus airflow was produced (Figure 5).

5. from 3 and 4 afina graph showing the weekly ventilation costs for aweekly output
a 1.25 and 2.0% methane limits was found (Figure 6,7).

4. RESULTS OF THE TESTS

Analysing the ventilation cost/air quantity graph (Figure 5) the smooth curves alow a
definite cost to be found for a given quantity using any of the five layouts, when
considered in this particular network and using the network fan. As a comparison the
predicted ventilation cost/air quantity curves are shown alongside the smulated values for
each layout (Figure 8-12). These predicted values were obtained by using the initial set of
results when the standard fan (i.e. no modification) was used in the network. For each
layout thethreeinitia district ventilation costs and quantities were increased using the Fan
Lawsto obtain the theoretical increasesin ventilation quantity and cost In the case of the
V, W and Double Z system the predicted and smulated val ues were found to be amost
identical. However, the Y and E layouts demondtrate different predicted cost curves for
each of the three didtricts. In both cases district 1 proves to be the chegpest to ventilate,
whiledigtrict 3 ismore expensive than ditrict 2. 1n thesetwo layoutsit was necessary to
regulate the airflow to the face, as the maximum face quantity was set as 22 m*/s. The
standard fan does not deliver an adequate total flow and this results in insufficient flow-
ratesondistricts2 and 3intheY system and digtrict 3 inthe E system. When the didtrict
quantity is below this vaue the smulation introduces some uncontrolled recirculation to
provide the required airflow which is unacceptable practicaly. Where uncontrolled
recirculation is occurring the predicted costs are greater than without recirculation and for
prediction and practical purposes these layouts should only be used when thefan is able
to supply in excess of the regulated amount
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5. DISCUSSION OF THE LAYOUTS

5.1. U-Type
Intake
— 1
- Face direction
Retumn
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Figure 13 U-typeVentilation

U-type ventilation isthe most expendive of all the conddered layouts where ventilation
costs are concerned. For the particular methane emission/output rates used the costs
increase steadily but with a maximum face quantity of 22 m%/s the system islimited to a
maximum weekly tonnage of 11,000 or 17,600 a& methane concentrations of 1.25 and
2.0% respectively. At theserelatively low rates of production the ventilation costs are
significantly more expensive than for aternative types. Thisis the smplest ventilation
layout and is currently the most popular in use. It requires the least development of any
of the layouts considered, even when used in its retreat form where the gates are pre-
driven. Current faces using this type of ventilation are capable of very high production,
however, some problems do occur due to methane concentrations in gassy seams. Even
with efficient methane drainage, production is invariably limited by return methane
concentrations. In less gassy mines the U-type ventilation system can be regarded as
highly satisfactory, since they are capable of producing production in excess of 2 million
t/lyear per face, without the need for a costly and more complicated layout. Where
methane emission is severe, production must be necessarily limited or another ventilation
layout chosen. U-type retreat layouts often have low methane drainage capture
efficiencies due to closing of the drainage holes behind the faces.

5.2. W-Type
Inizke
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Figure 14 W-type Ventilation
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W-type ventilation offers a consderable cost saving over the U system and can either
be advancing or retreating though it is generally used in advancing form. The systemiis
comprised of two intakes (providing air to each hdf of the face) and a centrd return on the
same side of the face as the intakes. Practicaly, the system is limited (as far as the
example network is concerned) to atotal district airflow of approximately 44 m*/si.e. 22
m?®/s passing along each half of the face. This quantity, which is not very large, would
allow a weekly production of 22,000 and 35,200 tons a 125 and 2.0% methane
concentrations. At this maximum face quantity the layout offers a good aternative to U-
type ventilation since for any given methane emission the possible weekly production is
effectively doubled. Thereturn airway isunlikely to be used for mineral conveying and
should be of a sufficient sandard to handle large quantities of air. Electrical power would
not be needed in the return so long as the roadway was free from maintenance. The
shortening of the distance between the intake and return airways may encourage higher
amounts of waste leakage (3). Such leakage would not only subtract from the available
face arflow but may also introduce additional quantities of methane onto the return
airway. This could be reduced to some extent by using appropriate roadway packs.
Methane drainage can be practised in either the intake or return airway though an
electricity free return would necessitate the use of hydraulic drilling of the drainage holes.
The use of aW-type layout need not incur greetly increased development costs over those
entailed by the U-type system, though an advancing W-face would need an additional
roadheading machineto drive the centrd return airway.

5.3. DoubleZ-Type
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Figure 15 Double Z-type Ventilation

The Double Z system is essentialy similar to the W-system, both in geometrica
configuration and design congtraints, the main difference being that the centra returnison
the opposite sde of the face to the twin intakes. The system offers a considerable
ventilation operating cost saving over U-type ventilation and a small saving over the W-
type. At amaximum district quantity of 44 m/s the possible weekly production would be
22,000 tons (1.25% methane) and 35,200 tons (2.0% methane). From a geometrica



point of view the Double-Z and W systems are identical and in Smulation should yield the
same results. The dight difference in ventilation costs revealed by the smulation are
accounted for by the small difference in district roadway length. The leakage potentia is
less than with the W-system.

54. Y-Type
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Figure 16 Y-type Ventilaion

This layout offers the cheapest alternative to the U-system. 1t comprises two intakes
and a single return which runs on from one of the intakes. For the purpose of the
comparison the face airflow has been regulated to 22 m*/s but if this system isto be used
underground the maximum face quantity will differ and may not need to be regulated.
Once the face has been supplied the remaining district airflow is passed aong the second
intake and mixes with the face air a the face end. Assuming the quantity being passed
aong the face is sufficient to deal with face methane emission the limit on production is
placed on the quantity of air which is passed dong the second return. Thereturn airway
should be of sufficiently high cross-sectional areato cope with a high district airflow.
The Y-system can either be advancing or retreat and does not require extensive
development over that necessary for aretresting U-face.

5.5. E-Type Intake
Face direction =
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Figure 17 E-typeVentilaion
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The E-type configuration offers good potential for sustained high production. The
layout is athree roadway configuration of a back-return system with no contact or bleeder
roadway behind the face, with the exception of the immediate back return circuit. The
face intake has been regulated to receive 22 m*/s with the remainder of the district airflow
passing along the second intake. Some of the face airflow is lost to the waste with the
effect of sending the face air behind the face as it mixes with the second intake air to
contain the waste methane fringe. A certain amount cffeakage occurs from the second
intake to die return, depending on how effective the temporary stoppings are. It is
envisaged that such a system could be used in me UK as it has been proven to work in
Australia (4). Before production begins the three roadways will have to be pre-driven
aong with the necessary cut-throughs. The pillar between me leakage intake and return
should not be too wide, otherwise the task of drilling the methane drainage holes could
become too time consuming and it is therefore consdered that apillar width of 20 mto 40
m is preferable. Some of the holes could be drilled prior to production to see whether any
gas can be predrained. Once the face moves forward, drainage holes are more likely to
stay open and drain gas for longer periods of time because of the supporting and
cushioning effect of the pillar.

Practicaly, the cut-throughs will be difficult to drive and it would be difficult to decide
on the distance between them. If the interva istoo large, the resistance to arflow in the
back-return may reduce the airflow dragtically. If the interval istoo smal, the loss of air
between the leakage intake and the return may be excessive. It is, therefore, something
that must be determined by experience. The time taken for development is likely to be
dependent on how fagt the cut-throughs can be driven. If the length of die gate roadsisto
be 1500 m, and the cut-throughs are placed at 75 m intervals, 20 cut-throughs would be
needed. For 40 m width pillars this would mean driving another 800 m of roadway with
the difficulty of moving the drivage machine after each cut-through.

6. CONCLUSON

The ventilation cost Ssmulation exercises have demonsgtrated the comparative ventilation
operating costs of the various layouts which can then be used to determine the most
suitable layout. Ventilation cost is, of course, not the only expense to be considered and
therefore the cost curves should not be the ones to make the decision on which layout to
use. Development and maintenance expenditure should be considered as they will
influence the final expense of using a particular ventilation layout Attention must also be
paid to the practicalities of implementing a ventilation layout underground particularly



with respect to safe operation under norma conditions and its ability to handle foreseegble
abnormalities.

The demand for ever increasing production rates can only be met by paying greater
attention to environmenta planning. Other pollutants such as dust and radon aso have
the ability to impose limits on production and these must be considered in addition to
methane emission. Environmenta planning should, however, work very closely with the
development of the mining system, embracing extraction method, strata control, machine
utilization and others.
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