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A Case Study on the Ventilation and Heat Environment in a
Underground Limestone Mine with Rampway

Doo Young Kim, Seung Ho Lee, Kyu Hong Jeong, Chang Woo Lee*

Abstract As more diesel engines have been employed in underground limestone mines with large cross section,
underground space environment is worsened by diesel exhausts and heat flow. This paper aims for the ultimate
goal to optimize the work place environment through assuring the optimal required ventilation rate based on the
analysis of th airflow, diesel exhaust gas concentrations and the effects of mechanization and deepening working
face on temperature and humidity. Due to the insufficient capacity of the main exhaust fan and poor airway
management, stagnant airflows were observed at various locations, while the flow direction was reversed instantly
with passing diesel equipment and the flow reversal was also made by the seasonal variation of the outside surface
weather. During the loading operation, CO concentration measurements were found to be frequently higher than
the threshold limit of 50 ppm, and most of the NO, measurements during drilling and loading operations shows
even more serious levels surpassing the permissible limit of 3 ppm. The actual ventilation quantity was considerably
less than the required quantity estimated by the mine health and safety law, and this shortage problem was less
serious in colder winter showing more effectiveness of the natural ventilation.
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Table 1. Threshold limit values for hazardous gases(Mine
Health and Safety Act 49, 2011)

Hazardous gas TLV(ppm)
CcO 50
CO, 10,000(1%)
NO 25
NO; 3
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Table 2. Ventilation rate design factor(Kevin Hedges et al.,

2007)
Country Ventilation rate design factor
Korea 0.05 m’/s/kW
USA 0.06 m’/s/kW

Australia (New South Wales,

3
Western Australia) 0.06 mi/s/kW

Canada (Northwest Territories
and Nunavut, Yukon, Ontario,
British Columbia)

0.06 m’/s’kW

s Bonghwa

Fig. 1. Location of D mine
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Fig. 2. Schematics of the ventilation network
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Fig. 4. Airflow distribution with the exhaust fan operation
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Without the exhaust fan operation
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Fig. 5. Airflow distribution without the exhaust fan operation
Table 4. Seasonal underground temperature distribution at the measurement locations
Location| ) oy | 2C) | 3¢y | 4cc) | 5Ty | sC) | 7C) | 8Ty | 9Ty | 100C)
Season
Winter -10.2 0.3 -0.2 -4.5 -1.0 8.3 1.5 6.2 8.9 12.3
Spring 8.9 8.3 10.1 13.2 10.5 10.3 9.7 13.5 12.3 14.6
Season Location| oy | 12¢0y | 13¢C)y | 14(C) | 15¢C) | 16(C) | 17¢Cy | 18¢C) | 19¢C) | 20(C)
Winter 13.1 15.0 14.2 16.4 14.1 - 15.7 - -18.5 15.4
Spring 15 15.1 17.3 14.6 - 14.4 15.1 15.6 7.1 14.5

g AR 9 sle] LExjolrt 248 Aig| ol
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Table 5. Concentration profiles of CO by operation

Operation Concentration profiles | Mean concentration
P of CO(ppm) of CO(ppm)
Drilling 13.5~47.2 24.5
Loading 16.0~113.0 40.7
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Fig. 6. Concentration profiles of CO by operation

Table 6. Concentration profiles of NOx by operation

Operation Concentration profiles of| Mean concentration of |Concentration profiles of| Mean concentration of
NO(ppm) NO(ppm) NOx(ppm) NO»(ppm)

Drilling 0.4~10.3 3.9 0.4~4.2 2.3
Loading 2.3~15.2 8.6 0.5~9.8 5.1

20 20
z £
2151 2
= =
2 g
10 g
= =
S % 3

05 . . T T 0 T T T T T

14:23 14:51 15:19 15:47 16:15 16:43 13:53 14:22 14:51 15:20 15:49 16:18
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a. During drilling
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Fig. 7. Concentration profiles of NOx by operation
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Table 7. Temperature and humidity profiles by location
Location Range of temperature(C) | Mean temperature('C) | Range of humidity(%) | Mean humidity(%)
Level 3(100 m) 13.3~15.7 15.2 91~100 97
Level 5(120 m) 15.7~16.6 16.1 94~99 97
Level 6(140 m) 16.3~17.5 16.8 94~100 96
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Fig. 10. Humidity profiles by operation

Hol= 11,600 m’/min o]A+<] F7|eF
AL HETro| AltH oz 2Re

#olst 27 Hmz 37)9] WExjolo] ojgk AAg]
2o o] Hrhaoz =] ol



et 4ok 7

Table 8. Number of equipment and workers employed by operation in D mine

Total k
Operation Classification Eugipment No of vehicles otal Output(kW) No of workers
Drilling Drill 3 452 3
) Charge ANFO charger 2 193 2
Blasting
Blast Explosives clerk 5
Excavator 3 272 3
Loading Loader 5 1,047 5
Crane 1 168 1
Dump truck(15 ton) 12 3,396 12
Transport
Dump truck(4.5 ton) 1 168 1
Maintenance 5
Maintenance
Management Four wheel car 2 171 5
Total 28 5,867 42
Table 9. Estimation of the required airflow rate by Mine Health and Safety Act 55(2011)
Estimation criteria Ventilation rate design factor Required airflow rate
Internal combustion engine Total rated output : 5,867 kW 17,601 m*/min
Underground operator Total no of workers : 42 126 m*/min
Winter Maximum wind speed : 2.5 m/s 12,600 m’/min

Field measurement

Spring Maximum wind speed : 1.2 m/s 6,048 m’/min
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