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MEMORANDUM
	SUBJECT: 
CHAMBER OF MINES OF SOUTH AFRICA –  CERTIFICATE IN MINE ENVIRONMENTAL CONTROL
 PAPER 3

SUBJECT CODE: COMMEC P3– Economics, Planning and technical literature
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	NUMBER OF PAGES: 11      

	SPECIAL REQUIREMENTS:
THIS IS NOT AN OPEN BOOK EXAMINATION. FORMULA HANDOUT IS AVAILABLE
INSTRUCTIONS TO CANDIDATES:
1. [bookmark: _GoBack]Answer all questions legibly in English.
2. Write your ID number on the outside cover of each book used and on any graph paper or other loose sheets handed in.
NB:    Your name must not appear on any answer book or loose sheets.
3. Show all calculations and check calculations on which the answers are based.
4. Hand-held electronic calculators may be used for calculations.
5. Write legibly in ink on the right-hand page only – left hand pages will not be marked.
6. Illustrate your answers by means of sketches or diagrams wherever possible.
7. Answers must be given to an accuracy which is typical of practical conditions.
NB Ensure that the correct unit of measure (SI unit) are recorded as marks will be deducted from answers if the incorrect unit is used. (even if the calculated value is correct).
8. In answering the questions, full advantage should be taken of your practical experience as well as data given and clearly state any assumptions you make.
9. Please note that you are not allowed to contact your examiner or moderator regarding this examination.
10. Cell phones are NOT allowed in the examination room. 



QUESTION 1 		[20]
1.1 When determining the most economical size of an airway, certain cost factors must be known. List any 5 factors. 	(5)
· The cost of electrical power, per kW per year
· Interest received on money invested
· Atkinsion’s friction factor
· Life of the airway
· Mean volume of air to flow through the airway
· Mean density of the air to flow through the airway
· Height width ration for non-circular airways
· Total owning cost
1.2 Name 5 cost functions, which you would take into consideration when designing an underground mine in which air-cooling will be practiced.	(5)
· Cost of electrical power
· Interest rate on money
· k-factor
· Fouling factor
· Life of airway/plant
· Mean volume of air flowing
· Mean density
· Height to width ration
· Total owning cost
1.3 Consider a mine where 80 000 tons per month is mined with mechanised equipment and the total capacity of the diesel equipment is 4 000 kW. Name 5 important aspects that will influence the ventilation planning requirements.	(5)
· Production rate
· Heat load
· Increased dust productions rates
· Increased gas production rates
· From this air volumes required to dilute
· Additional heat liberated
· Ergonomics
· Mining height/stoping width/seam height
1.4 Name 5 planning, ventilation, and refrigeration requirements. 	(5)
· Determine mining method and rate of production
· Define acceptable environmental conditions
· Calculate heat, gas, dust
· Calculate air and refrigeration
· Optimise alternative
QUESTION 2 		[10]
2.1 Assume a length of ducting has a life of 8 years, the interest rate is 20 %, the capital installed cost is R 100 000, and the ducting has a resale value of 15% of the capital installed cost at the end of its life. Determine the actual capital installed cost. 	(6)
Capital cost to purchase = R 100 000
Resale value in 8 years’ time 	= (15/100) x 100 000
                                                             = R 15 000
The R 15 000 will be paid back to the mine in 8 years’ time. For the mine to be paid back now means the amount paid back will be less than R 15 000. The amount is the present value of R 15 000 in 8 years’ time
A 	= p (1 + (i/100))
= (1 + (i/100)n
= (15000)/(1.2)8
= R 3 488
Hence the sum of R 15 000 is in 8 years time is worth R 3 488 now.
Actual cost installed cost = R 100 000 – R 3488
= R 96 511
[bookmark: _Hlk507508536]2.2 What is the recommended ventilation design parameter for Zone 2? 	(2)
Zone 2 >37°C but <48°C VRT
[bookmark: _Hlk507508546]2.3 What is the maximum recommended air quantity for a deep gold mine doing 150 kT/ month?			(2)
A typical planning factor of 4 kg/s per kT (NOTE A FACTOR OF 4-6 CAN BE USED)
Therefore	= 150 x 4
		=600 kg/s
QUESTION 3 		[20]
A section of a mine is to be ventilated with a large booster fan installed in the return airway. An underground refrigeration plant, serving this section will reject its heat into the return air handled by this booster fan.

The fan duty is 150 m3/s at 5.0 kPa, with an inlet density of 1.18 kg/m3. The fan has an overall efficiency of 75 %. Air leaves the section at 30.0/32.0 °C, 105 kPa.

The cooling installation has a rated duty of 5000 kW and an overall compressor C.O.P of 3.6.
3.1 When the fan is situated on the inlet side of the cooling tower calculate the air temperature at (ignore the effects of density change on the fan):
[bookmark: _Hlk507508626]3.1.1.fan inlet 		(1)
3.1.2 fan discharge		(4)
3.1.3 cooling tower inlet 	(1)
3.1.4 cooling tower discharge	(3)
3.2 When the fan is situated on the discharge side of the cooling tower calculate the air temperature at (ignore the effects of density change on the fan):
3.2.1. cooling tower inlet 	(1)
3.2.2 cooling tower discharge 	(3)
3.2.3 fan inlet 		(1)
3.2.4 fan discharge 		(3)
3.3 What are the advantages and disadvantages of the two fan sites considered? 	(3)
3.1.1
Air leaves the working section at T=30.0/32.0 °C, 105 kPa
3.1.2 Fan outlet temp
Heat added by fan = air power/fan efficiency
= (150 x 5000)/1000/ (75 x 100
= 1000 kW

Using the psychrometric chart, the sigma heat (S) and specific volume (v) of the air leaving the section is
S= 94.1 kJ/kg, apparent specific humidity (r) = 25.4 kg/kg
The mass flow rate of the air is 150 m3/s x 1.18 = 177 kg/s
Heat added by the fan is 1000 kW = 1000/177 = 5.650 kJ/kg
Heat content of air on the discharge side of the fan = 99.8 kJ/kg
Assuming the BP on the inlet to the fan is 5000 Pa less than the BP on fan discharge side then the BP at fan discharge is 110 kPa.
Assuming no increase in moisture content
From psychrometric chart, at BP = 110 kPa, S = 99.8 kJ/kg, r = 25.4 g/kg
Then T = 31.8/37.7 °C
3.1.3
Assuming no change in the heat or moisture content added to air between fan and cooling towers
Inlet temperature T = 31.8/37.7 °C
3.1.4
177 kg/s of air flows through the cooling tower
Actual compressor C.O.P = Evaporator duty/ compressor motor input power
Compressor motor input power (Heat of compression) = (5000/3.6) = 1389 kW
Condenser duty 	= Evaporator duty + heat of compression
			= 5000 + 1389
			= 6389 kW
Heat added to air by cooling tower = 6389/177 = 36.1 kJ/kg
BP at cooling tower discharge = 110 kPa
Sigma heat at cooling tower discharge = 135.9 kJ/kg
Assuming discharge air 100% saturated
T = 38.2/38.2°C
3.2.1
Air leaves the working section at T=30.0/32.0°C, 105 kPa
T =30.0/32.0°C
S= 94.1 kJ/kg, BP 105 kPa
3.2.2
177 kg/s of air flows through the cooling tower
Condenser duty = 6389 kW
Heat added by air by cooling tower = 6389/177 = 36.1 kJ/kg
BP = 105 kPa, S= 130.2 kJ/k
If  air leaves cooling tower 100 % saturated
T=36.6/36.6°C
r = 38.7
3.2.3
Assuming no change in heat or moisture content added to air between cooling tower and fan 
T = 36.6/36.6°C
BP = 105 kPa, S=130.2 kJ/kg, r=38.7 g/kg
3.2.4
Assuming the inlet to the fan is 5000 Pa less than BP on fan discharge side then BP at fan discharge is 110 kPa.
Assuming no increase in moisture content
Heat added by the fan is 1000 kW = 1000/177 = 5.650 kJ/kg
Heat content of air on discharge side of fan = 136.4 kJ/kg
From psychrometric chart at BP = 110 kPa, S = 135.9 kJ/kg, r= 38.7 g/kg
T= 38.2/42.1°C
3.3
The main disadvantage of positioning the fan at the inlet to the cooling tower is that the fan operates in air which is not saturated; hence there is less damage to the fan and motor
When the fan is situated in saturated air, the motor would normally have to be positioned in fresh air
The siting of the, in saturated air would, also need consideration of water droplet elimination at the fan inlet


QUESTION 4 		[30]
When planning a new deep hot mine, top priority should be given to minimise the underground heat load. Refrigeration has become a very expensive commodity but remains essential for mine cooling. There are two alternatives that could be considered to reduce the heat load:
(a) Backfill all stopes with dewatered tailings (slime-fill) instead of using timber support. The average monthly stope face advance in this case is 5 metres.
(b) Increase the average monthly stope face advance to 8 m and use conventional timber support.
Given the following information:
· Average stoping area/month :					 52 000 m2/month
· Heat produced/metre stope face length:
· Backfill stopes: 						0.9 kW/m
· Non-backfill stopes: 					1.90 kW/m
· Heat load -other sources (excluding stoping):			 20 000 kW
· Effective air quantity available: 					600 m3/s
· Average station air temperature : 					21.0/27.0°C
· Maximum reject WB temperature: 				27.5°C
· Average barometric pressure: 					102.5 kPa
· [bookmark: _Hlk506541002]Specific volume @ 102.5 kPa:					0.859 m3/kg
· Sigma heat of intake air: 						59 kJ/kg
· Sigma heat of return air: 						84 kJ/kg

4.1 Determine the refrigeration requirements for scenarios a and b	(15)
4.2 If no backfill is used, what are the expected refrigeration requirements if the monthly face advance remains at 5.0 m? 	(12)
4.3 State which alternative you would suggest from a environmental professional’s perspective? 			(3)
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QUESTION 5 		[20]
Comment on and discuss the content of the article related to mine environmental control and occupational hygiene, which have appeared in the following publications:
PLEASE NOTE - ADDRESS ONLY ONE OF THE FOLLOWING TWO TECHNICAL PUBLICATIONS:
5.1 Compressed oxygen self-contained self rescuers – eliminating the risks of chemical oxygen SCSRs
(M. Kay- Ocenco Incorporated, October/December Volume 70 No 4)
Use the following headings in your answer:
1. Abstract
2. The need for new technology
3. The compressed oxygen solution
4. Conclusion
OR
5.2 XLP/ULP On-reef mechanised mining method by ventilation on demand as a concept
(T.F. Ngobeni – Latona Consulting, October/December Volume 70 No 4)
Use the following headings in your answer:
1. Abstract
2. Introduction
3. Frictional ignition mechanism
4. Common parameters contributing to frictional ignition
5. Other factors contributing to frictional ignitions
6. Assessment of frictional ignition risks
7. Conclusion
TOTAL MARKS: [100]


[image: ]
[image: ]


image3.png
PSYCHROMETRIC CHART
105,0 kPa

3 149 180 180 " 180 190 20

APPARENT SPEC

w
= \
SRYBULS TEWPERATURE, C
. © £y i o
" T
g
-
N
o, T
© ¥ s s
H — &
w35 AREA 2
-] 25k
£ VAR g
Wl !
H ; §
H £
H E B
©
o A hiE
»
“
.
a [ 1 20 30 [
criALPY R
R oRYBULS TEUPERATURE, G

. o e gl » w ES





image4.png
PSYCHROMETRIC CHART
110,0 kPa

10 o 150 180 1 180 90 20

DRYBULS TEMPERATURE, °C
20 3 “

FHTEE
° T aff

F

VAPOUR PRESSURE, kPa.

APPARENT SPECIFIC HUMIDITY, gkg

ie7ass

180

0

0

o

00

o
0 o 2 ]
ETHALPY, kg DRYBULS TEMPERATURE, ‘G

ABOVE 0°C

o o e £ w El





image1.emf

image2.emf
4.1 a b c

Stoping area 52000 52000 52000

monthly face advance 5 8 8

face length to be mined/month 52000/5 = 10 4000 52 000/8 = 6500 52 000/8 = 6500

heat produced/metre face length (given) 0.9 1.9 0.9

heat produced - stoping 10400 x 0.9 = 9360kW6500 x 1.9 = 12 350 kW6500 x 0.9 = 5 850 kW

Heat produced - other sources 20000 kW 20000 kW 20000 kW

Total heat load (kW) 29360 32350 25850

Circulating air volume = 600m

3

/s

Average station temperature 21/27°C

From 102.5 kPa psychrometric chart

specific volume 0.859m3/kg

mass flow 600/0.859

mass flow 698kg/s

Sigma heat of intake air 59kJ/kg

Sigma heat rejected air 84kJ/kg

Difference 25kJ/kg

Cooling power of intake air 689 x 25

= 17 450kJ/s

= 17 450kW

Calculating refrigeration requirements

a b c

Total heat load (kW) 29360 32350 25850

Cooling power of intake air (kW) 17450 17450 17450

Refrigeration requirements (kW) 11910 14900 8400

4.2

Face length to be mined/month 10400m

Heat produced/ metre face length 1.9 kW/ m(no backfill)

Heat produced stoping 10400 x 1.9

19 760kW

Total heat load 19760 + 20000

39760kW

Cooling power of intake air 17450kW (calculated)

39760-17450

Expected refrigeration requirements 22310kW

4.3

This method should be advocated from an environmental point of view is obviously the one that requires the least refrigeration (b)

The refrigeration requirement in the base case is almost treble the requirements for scenario C

The environment is less dependent on mechanical failures

With higher rate of advance the air will be more concentrates on productivity will be higher

Reduced fire hazard in backfill stope


