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Use of booster fans in underground coal mining to advantage

Habibi A, Gillies A DS
(Dept. of Mining and Nuclear Engineering , University of MLSSOlLT'L Sczerwe and Techrwlogy, Rolla MO 65409 0450 USA)

Abstract; A booster fan is an uriderground main fan‘which is inStéﬂed in series vuith a main surface fan
and used to boost the air pressure of the ventilation to overcome mine resistance. Currently booster fans
are used in several major coal mining countries mcludmg the Umted ngdom Austraha Poland and
China. In the United States booster fans are prohlblted in coal mmes although they are used in several
metal and non-metal mines. A study has been undertaken to examine alternatives for ventllatlng an un-
delground room and pillar coal mine ‘system. A feasibility study of a hypothetlcal situation has shown
that current ~ventilation facilities are mcapable of fulfilling mine air requirements in the future due to in-
creased seam methane levels. A current ventilation network model has been prepared and pmJected to a
mine five years plan. “Ventsim visual™ software simulations of different possible ventilation optlons have '
been conducted in which varying methane levels are found at working faces. The software can also un-
dertake financial simulations and project present value total costs for the options under study. Several
scenarios for 1mpr0v1ng the ventilation situation such as 1mprov1ng main surface fans “adding intake
shafts addmg exhaust shafts and utilizing booster fans have been examined. ~After taking into account
the total capltal and operating costs for the five years mine plan the booster fan scenarios are recommen- =
ded as being the best alternatives ‘for further serious consideration by the mine. The optimum option is a
properly sized and installed booster fan system that can be used to create safe work conditions, maintain
adequate air quantity with lowest cost, generate a reduction in energy consumption and decrease mine
system air leakage. g : L
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0 IntroduetiOn

_ Booster fans are technically main fans which are installed underground to maintain required airflow by over-
coming the mine resistance. In United States the use of booster fans is permitted in metal and nonmetal mines
however legislation prohibits their use in underground coal mines with the exception of anthracite mines (Title 30
Code of Federal Regulations 2010) The demand for fresh air at working faces leads engineers to design or up-
1 grade the existing ventilation system (Wempen and others, 2011). Booster fans can reduce the pressure of the
main fau ‘and decrease the system leakage and total required air power (Martikainen et al 2010). The Ob]eCtIVC

of this study 1s to fmd the optlmum method for ventilating an underground US coal mine. The opumal ventilation
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to control air distribution throughout the mine network. Regulators destroy ‘energy (initially put into the mine
" ventilation system by fans) whlle booster fans add energy to the system; from an énergy balance point of view air-
flow control through use of booster fans will be more efficient than use of regulators''!

The paper presents a number ‘of different’ scenarios by simulating the Ventrlatlon' network of a-US under-
ground coal mine. Different approaches examined have involved i improverments to the mam surface fans, addmg
intake’, or exhaust shafts or adding booster fans to the’ system. A current ventilation network model ofa hypothet-
ical mine has been prepared and projected to a mine five years plan.: Seven Vents1m Vlsual software simula-
tions of different possible ventilation options have been conducted: The pro;ect was 1n1t1ated by expandmg the
model from the current workings to the mine’ s five years productionplan Airflow and contaminant simulation
havefbeen undertaken. ' In addition acost study has’determined the uneconomic and impractical scenarios in: re-
gard to power consumption. Scenarios 4 and 6 can meet the required face airflows however after taking into ac-
count total cost and expected life of the new infrastructure scenario 6 with the use of two booster fans is recom-

mended as being the best alternative in the five year plan:
1 Gene}ral, information on the mine

This underground ‘coal mine uses the room and pillar method. The coal seam is horizontal with thickness of
1.8 m. Development mains are driven with eleven entries ( four intakes, four returns and three neutral airways).
Sub-mains are driven with two intakes; two returns and three neuiral alrways

Currently the mine has five active working faces ventilated by a 670 kW axial fan using a pull system The
mine currently exhausts 230 m®/s of air at static pressure of 1.95 kPa. The input power of 460 kW is required.
A pressure and air quantity survey has been conducted to construct the base ventilation model. Working Units 1%
and 3% dump return air to Main West Return Unit 2* and 4* dump air to Main East Return. Unit 5* dumps air to

Main North Return Main East Return and Maln West Return then dump air to Main North Return whlch goes to
the exhaust upcasting shaft.

2 Study assumptions

The on'gihal five year plan and seven different alternative hypothetical scenarios have been simulated to de--
termine the optimal option which offers the lowest total cost (capital cost plus operating cost) as well as provides
required airflows at working faces: In this" hypothetical exerc1se higher coal seam methane contents (either 1m®
CH,/t or 2m>CH,/t) are presumed to be being encountered in extraction in five years. Options examlned look at
cases where more ventilation is made available underground from alternatlves of °

1) The driving of more intake or retun shafts

2) The use of various surface main fan combinations;

3) The use of various booster fan combinations.

Financial simulation modeling estimates optimum ventilation mfrastructure size by considering mining costs

as well as life of mine ventilation operating costs' . These simulations can, for instance help to optimize airway

sizes and save substantial money over the life of a mine. This approach optimizes the size of the development air-
ways to maximize cost savrngs in ventilation whlle mlmmlzmg mining costs. Increasrng airway size is the easiest
way to reduce frictional pressure losses and decrease ventilation costs in a mine. However it causes additional
"rnining capital costs and this is further exacerbated by “time value of money” considerations. Operating costs in-
 clude electricity, maintenance and installation charges over five years discounted at 10% to the Present Value.
Another factor to consider is how long the airway is required to carry air.

Methane dilution calculations have been undertaken These are based on a minimum of 15 m*/s ‘of fresh ‘air

being. requlred at each ‘of the working faces.
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The Safe Scenario: A liberation rate of 2.0 m CH /t from broken coal. The mining rate of 345 t/h(265m’
coal/h) at density 1. 3 m’ has been used. An airflow rate of greater than 15 m’/s is deemed to be required to
give CH, concentrations of less than 1. 0% in face air. The steady state contaminant simulation has been per-
formed based on the requirement of an allowable concentration of methane at each individual working face. The
spread of methane concentrations in downstream airways is identified. g

. The Very Safe Scenario: A liberation rate of 1.0 m *CH,/t from broken coal. The mining rate of 345 t/h
(265 m’coal/h) at density 1.3 t/m> has been maintained. The airflow rate of greater than 15 m®/s is deemed to
be required to give CH, concentrations of less than 0. 5% in face air. The simulation has been performed by
adding 0. 5% methane to each individual faces and tracking the spread of the contaminant. The results show the

concentrations of the methane in the network which emphasizes that the predicted concentration in all network
airways is lower than 0.5%.

3 Sinlulation alternatives
3.1 Scenarlo one

The 51mulat10n has been conducted based on the expanded model and current ventilation infrastructure for

the next five years.. Measured resistance values for standard mine alrways were used in the projected model.

Tab.1 Scenarlo 1 predlcted airflows on workmg faces Tab.2 ‘Scena'rio 2 predicted airflows on woi'king faces
Air quantities U mis ‘ = (R quantities Jadss
CExhaustShaft 20504 B " Exhaust Shaft FIEE 0061
CdmakeShat 0 iana o TmakeShat 7300
CSlops i 4.3 i Bt Slope eyt B8
: B ; . # .0
CUnietf 8.9 ’ v Intake ShaftZ o TR 95
gt : : : i Umt 1# 6.7
Lo Unit2f . e 0 a0 134 - , - IS D
N s ! 79 ' Unit2* o S 015.8
 Unit3 ‘ ' Unit 3* S ih6.3
iy : i
Unit 4 6.2 Unit 4% 15.0
“Unit 5% - ' 13.2 Unit 5* G
Input Power/kW . o  Tnput Power/kW 813.4
'Oiierating‘ Coét/ $ o 1693 270 Operatmg Cost/ § B 712 511

It was determmed that unit 1# and 3# are the furthest dlstant sectlons and so due to alrways resistance avalla-
ble airflow at their. working faces is less than the minimum required. Unit #4 also does not have the minimum re-
quired airflow also. From these tests it is concluded that current surface fan infrastructure is not capable of venti-

‘latmg the mine in 5 years. Table 1 shows the simulation results -Scenarios 2 1o 7* are based on ventilation chan—
€s from thls expanded five years plan model ' k

The schematlc view of the shaft and the. snnulatlon results can be found in table 2
s, at static pressure of 2 2 kPa and exhausts 206 1 m%/s of air.: The total quantlty of
t an 1mproved air dlstnbuuon at.the east part of the mine has been fulfllled
as well as

tantial money
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ther exacerbated by the “time valife of money? which dictates that a dollar saved in mining costs now is worth

more than a dollar saved in ventilation costs in the future Thus it was found that the optimum diameter of the in-

take shaft is2::8 m:
3.3 Scenario 3

3‘ Individual F: anStatlc Pressute Curvezy
‘Two intake shafts were added to the model in order to supply the oo ;

required air at faces. Intake shaft 1* has been added to 1 Main East
and Intake shaft 2" added to 2™ Main West. The total exhausted air
quantity has not been increased. An optimized diameter' of 3. 6m has

| 74 232 290
been selected based on the lowest excavation cost. Table 3 shows the ER g titylt sy

redlcted results I e
P , Fig. 1. Stalled fans characteristics
This scenano almost meets the minimum requlrements for all u- frs :
curve and operatmg pomt
nits, however the required air quantity at unit 3% which is the furthest ~

face has not been reached. Moreover the shaft excavation operation is a tlme and cost consumlng exermse whlch
causes this scenano to have-a high capltal cost

"Tab.3 = Scenario 3 predicted airflows on work;ng faces Tab.4 Scenario 4 predicted airflows on working faces
Air quantities m/s Air quantities : m>/s
Exhaust Shaft 202.2 Exhaust, Shaft 165.4

Intake Shaft : 43.2 Intake Shaft : 260. 1
Slope, 4.6 Slope 9.5
 Intake Shaft 2* 745 Tntake Shaft 2% 2002
Inteke Shaft 3* 2.9 Unit 1# 17.4
Unit 1* . . 15.1 B S DT O T e B
Unit 2* ‘ 15,2
Unit4*
Unit 5%

Input Power/ kW ‘

Input Power/kW- . - L o
Operating Cost/ $ 10407 s Operatmg Cost/$ a0 279

3.4 Scenario 4

Exhaust Shaft 2* has been added to 1 Main East Return. A fan similar to the main fan added to the network
and the optimal diameter of 4.2 is selected.

- The simulation results show in Table. 4 that this alternatlve fulfills the air requirements at working faces
However the operatlng cost has mcreased dramatlcally The capltal cost has also increased since sinking a perma-
nent ventilation shaft and purchasmg and 1nsta111ng a second surface fan is expensive.

3.5 Scenano 5

A second surface exhaust fan 2° (Slmllar toa Jeffery 8HUA 96 Axtal Vane) has been added in parallel

The air s1mulat1on ran but with warning “the lack of airflow rate causes the fans to be stalled”.. One of fan is ex-
hausting 123 1 m®/s at static pressure of 3. 3 kPa and the later is exhausting 129.9 m*/s at the same static pres-
~ sure. The operatmg points drops off the. curve (Fig.1). The network efficiency is estimated 57.4%. This sce-
nario does not meet the requirements at working faces. ‘ i
Although in this scenario two surface fans are working in parallel the total amount of exhausted air has not
significantly chauged. Base on the fan laws total air quantity should increase. An explanation for this is the

k high resistance which occurs because of distance to the workings and also the exhaust shaft low diameter.
3.6 Scenario 6 e : ,
/ Since the current surface main fan alone is physically incapable of meeting airflow requirements two booster

fans have been added to the network to add air pressure to overcome resistance. Booster fans could be installed
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in the main airways or in a split off the main airways. Booster fan 1" has beent-added to the 1% Main East Return
and Booster fan 2% to 2™ Main West Return. Figs 2 and 3: show the fan characteristics: curves. - This  scenario
meets the required airflow at working faces with relatively low additional capital cost. Table 6:shows the simula-

tion results.

Fan 1nstallat10n may reqmre the development of-a-bypass drift;-widening of ‘an existing drift; installation of

alrlock doors and miscellaneous civil COl’lStI'llCthIlS ' The next task-is fan testing and commissioning. Testing in-

volve checkmg the fan for tability, and running it first at no load with' the airlock: doors open and then at full

,,ayé, Stephens  and Gillies 2010).

load w1th the doors closec

Tab.5 Scenarlo 5 bredlcted airflows on working faces Tab. 6 Scenario 6 predicted airflows on working faces
Ajr quantities o et s : Air quantities ~m¥/s
Exhaust Shaft : o 253.0 : ,++::7+ Exhaust Shaft - g vt 10404
Iotake Shaft 162.0 . TmakeShak . . 148.6

R T Sope 558
Totake Shat2* s '  lmskeShattl* 7L
Intake Shaft 3* . 129.9 Intake Shaft 2¢ T ssa

‘ fiUmtl#f - 92 - . ",\Um‘ v V 7.2

Unit 2" 10.57 ¢ Unit 2% R L

Unit 3% 9.4 57 Unit 3* 15377

Unit 4% o 4.4 Unit 4* 14.9

Unit 5% 13:1 Unit 5* 14.8
Input Power/kW 1402.4 Input Po'!vér{ kW . 915‘.’,7 '
Operatmg Cost/ $ 1228 476 Operating Cost/ $ 802 120 )

Combmed Fan Static Pressure ) ¢ Combined Fan Static Pressure /..

prossure/Pa

-
S
V=)

0

} { i
9079 19 28 37 47 56 65 74 84 93
quntity/(m®+s™)

09 19 28 37 47 56 65 74 84 93

quntity/(m*+s™)

Fig.2 = Booster fan l charactenstlcs Fig.3  Booster fan 2* characteristics .

curve, 2™ main west curve,1¥ main east

Inappropriate booster fan selection or installation = Tab.7 - Scenario 7 predicted airflows on working faces

introduces potential hazards’including an increased AR quantities T T TR L gl g
likelihood of recirculation. "Addition of bulkheads and © - Exhaust Shaft e 263'2
changing regulators downstream of the booster fans may Intake Shaft 130.6
be required to adjust the resistances of branches to : Blope et 7.6

control air distribution. Most changes need to be done B'Oosfer ian, R b e DA
in 2" Main west, 1* Main East and the intersection of : E:i ;, ; S ‘11212.750
Main North Vs 2™ Main. e e e
3.7 Scenario 7 Unitd® © ' 1.0
-One booster fan was added to: Main' North Return SR Unie 5* s 1.8
to increase  air pressure and reduced overall power Input Power/kW o 977:8
_costs. Although' capital cost is lower than some other Operating Cost/ $ it 80 978

scenarlos the booster fan could not meet the required airflow at the working faces. The booster fan exhausts 177

at statlc pressure 0. 61 kPa with 68% efficiency as shown in Table 7.




™

%68 Habibi A/ et al: Use of booster fans in underground coal mining to advantage = ' 7765

4 Contaminant Simulation '

The seven scenanos show\that w1th add1t10n~~ of either 1% or0.5% methane to each worklng face the aver-
age of methane across all ve faces exarmin d, and consequently throughout the mine network is respectlvely
less than these figures. This is because the simulation optimizes for one critical face minimum quantity and con-
sequently other faces receive more than the minimum air, a situation that is rarely a problem. The CH,concen-

tratlon has been dlluted through leakage as air travels past leaklng air control devrces
5 Conclusmn

The current Ventllatxon model of the mlne was pro;ected to the mme f1ve years plan A feas1b1hty rev1ew has
been completed of alternatlves avaﬂable to 1mprove worklngs ventllatlon as productlon moves lnto seams with
higher methane contents The scenarlos examlned alternatlves that ut111ze adchtlonal 1nfrastructure such as maln'
‘ ventilation_ shafts and fans or underground booster fans Based on the f1ve year plan model umt #1 and #3 are
the furthest sectlons in the mam west area from the current intake and return shafts and malntalnmg alrﬂow to
them will be dlfflcult unless addltronal mfrastructure 1s 1nstalled The foﬂowmg 1s a review of the research on the

vanous SCGH&I‘IO s1mulat10ns

Tab.8 Contaminant aud ,Airﬂow simulation results

Average CHylevel * Mine Air Quantity Operating I T T o
# Model L ! Capital Cost™ **/ § - Total Cost/ $
1% 0.5% /(m® <s7h) Cost**/$ R .
15 Years Plan with Current Approach 0.63 00032 205.4 693 270 ) RS ’ o ’ 3‘:4'66 3‘50
2 One Intake shaft added 0.6 0.32 210.6 C3seanls 468355 3984319
3 Two Intake Shafts added 0.71 0.36 210.1 3 500 695 1158 093 4 658 788
4 kOne fixhaust Shaft added 0. 61 0.33 361.9 7 030 455 1731 050 8 761 965
5 Double Exhaust Fans Added  0.67 0.35 s 6213 190 620 000 6 833 190
6 Add Two Booster Fans Altematlve 0.65: 0 0:35 s 20413 A 875095 220 OOQ “ 5095 095
7' 7, o Add one Booster. Fan « 0. 70 / : 0‘ 36’.;’ o 217 0 4282 870;’, . 22'5‘ 000 : ‘ 4 648 575

Note * The steady state contammant 51mulat10n has been performed based on, the requlrement of an allowahle concentratlon of methane at each 1nd1v1d-

ual workmg face to 1dent1fy the path and spread concentratlon of methane from contaminant source
*r ‘Operatmg cost present value of elecmcxty, mamtenance and mstallatlon costs over 5 years dlscounted at 10%

*** Capital Cost Excavating and fan purchasmg charges included.

1) Scenano 1 _expanded the network w1th the current 1nfrastructure for the next five years and 1t was deter-
mined that due to distance and | airway resistance available airflow at workmg Taces 18 Iess than the mlnlmum re-

qulred

2) Intake shaft 2# has been added to the 1St Mam East Although th1s alternatrve mamtalns the requlred air-
flow for Units 2" and Unit 4# the lack of alrﬂow at other faces is obvious. = :

3) Intake shafts 2* and 3* were ‘added to 1St Main East and 2™ Main West The exhausted alrﬂow 1ncreased
but the airflow on two faces is marginal. There are drawbacks

4) All alrﬂow from worklng faces needs to travel a long dlstance in return alrways to be exhausted through
the smgle main fan T ' ‘

5) Mmmg areas may have a 1elat1vely short hfe before the additional shafts locatlons are by passed or are
no longer m useful pos1t10ns o ' e ‘

6) Scenario 4" fulfills the airflow requirements at workmg faces but the total cost is very hlgh ’
“7) A second exhaust-fan has been added to the current surface infrastructure. (T%% 775 i



