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	SPECIAL REQUIREMENTS:

THIS IS NOT AN OPEN BOOK EXAMINATION.  THERE IS NO FORMULA HANDOUT 

INSTRUCTIONS TO CANDIDATES:

1. Answer all questions legibly in English.

Write your ID number on the outside cover of each book used and on any graph paper or other loose sheets handed in. Psychrometric charts at 85.0 kPa and 102.5 kPa are provided.

NB:    Your name must not appear on any answer book or loose sheets.

2. Show all calculations and check calculations on which the answers are based.
3. Hand-held electronic calculators may be used for calculations.

4. Write legibly in ink on the right hand page only – left hand pages will not be marked.

5. Illustrate your answers by means of sketches or diagrams wherever possible.

6. 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).

7. In answering the questions, full advantage should be taken of your practical experience as well as data given.
8. Please note that you are not allowed to contact your examiner or moderator regarding this examination.
9. Cell phones are NOT allowed in the examination room.


QUESTION 1
1.1 State the thermal capacity values of:

· Water

(4.187KJ/Kg °C)





     (1)
· Dry air

(1.005KJ/Kg °C)





     (1)

· Water vapour 
(1.884KJ/Kg °C)
   


 

     (1)

1.2 Define the following terminology:

· Temperature








     (2)
Is a measurement of the degree of hotness or coldness of a body compared with some standards, expressed in degree Celsius (°C)
· Sensible heat








     (2)
Is the heat which produces a change in temperature without a change in state.
· Joule









     (2)
Is the work done when the point of application of a force of 1 Newton is displaced through a distance of one metre in the direction of the force. 1 Joule = 1 Newton metre.
· Watt









     (2)
Is the rate of work of one Newton metre per second or one joule per second.       1W = 1Nm/s = 1J/s
· Thermal capacity







     (2)
Is the amount of heat required to raise or lower the temperature of substance having a mass of one kilogram by one degree Celsius expressed in kJ/kg°C.
· Latent heat








     (2)
Is the heat which produces a change in state without a change in temperature.
IMEC Workbook 2, Pg 24-25
1.3 A certain mass of air occupies a sealed fire area at a pressure of 85.0kPa, having a volume of 15 000m³ and at VRT of 52.0°C. If the pressure is increased to 86.5kPa and the dry-bulb decreases by 5.0°C, what would the air volume become? 


     (5)

(State any assumptions you make)
Answer:
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Where: 
P1 = 85.0kPa



V1 = 15 000m³


T1 = (52.0+273) (Assume air temperature = VRT)


     = 325K 


P2 = 86.5kPa

T2 = (52.0-5.0) + 273


     = 320K (Assume starting temperature = VRT)
Thus:
V2 = 
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     = 
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     = 14 513m³
1.4 The sketch below represents a mine vertical shaft. Using the attached psychrometric charts determine what will the air quantity be the bottom of the shaft.      

    (5)
[image: image10.bmp]






Answer:
From the 85.0 kPa chart the apparent specific volume at point A is            

(Temp: 10.5/12.5) = 0.989 m³/kg.

Thus: M = 
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= 353.9kg/s Mass remains constant between A and B
Mass flow at B = 353.9kg/s


From the 102.5kPa chart the apparent specific volume at B


(Temp: 19.5/29.5) = 0.862 m³/kg.


Thus:



Q = m x v



    = 353.9 x 0.862



    = 305.1 m³/s
[25]
Psychrometric chart 85.0 kPa
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Psychrometric chart 102.5 kPa
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QUESTION 2

2.1     A new cooling car with a designed duty of 500 kW is installed in an underground section  

with an operating efficiency of 80%. The water inlet temperature is 12°C at a flow rate of 10 l/s. What will be the outlet water temperature?    




       (5)

Answer:

Operating duty = Design Duty x (efficiency/100) 

  = 500 x (80/100) 

                                    = 400 kW (1) 

Delta Temp = Operating duty / (Flowrate x Thermal Capacity) 

  = 400 / (10 x 4.187) 

  = 9.553°C (1) 

Outlet temp = Inlet Temp + Delta Temp 

  = 12 + 9.553 

  = 21.553 

  = 21.6°C (1) 

Determine the operating water duty per litre when compared to the design of 50 kW per litre 

Factor = Operating Duty / Flowrate 

  = 400 / 10 

  = 40 kW per litre (2) 

2.2 Heat flow from rock is a major source of heat in mines. How would you go about minimising the heat-flow from rock into the workings? 



       (5)

Answer:

· Keep downcast shafts dry – seal off water fissures, maintain shaft water 
columns, ensure skips are sealed, minimise water usage at the station, drainage rings in shaft (1)

· Shaft stations, intake airways and cross-cuts to be kept dry as possible (1)

· Cover drains in haulages and cross-cuts to prevent evaporation and maintain 
drains to prevent overflowing. (1)

· Minimise water wastage through standards/procedures for dust suppression  

[watering down] (1). 

· Maintain water pipes and minimise leakage of water from pipes (1).
IMEC Workbook 2, Pg 36
2.3    Heat stress can impact on the health of workers, reduce productivity and increase  

accident rates. State methods of reducing the effects of heat. 


       (5)
Answer five methods of reducing heat:
· Reducing heat flow from the rock

· Removal of machinery

· Dilution of ventilation

· Acclimatisation

· Refrigeration

IMEC Workbook 2, Pg 34 


       
2.4 15 Litres of water at a temperature of 22.0°C are left in a Clearwater dam for 24 hours. How much heat has been added to the water if the temperature measured is 38.0°C after 24 hours?




 




      (4)
Answer:
W = M x cp x ∆t

    = 15l x 4.187 kJ/kg°C x (38.0°C – 22.0°C)

    = 15l x 4.187 kJ/kg°C x 16

    = 1004.9 kJ

IMEC Workbook 2, Pg 54 principle of calculation

2.5 Define the definition of heat stress.






      (1)
Answer:

Heat stress can be defined as environment measurements of air temperature, airflow rate, the level of radiant heat exchange and evaluation of a person’s metabolic heat production rate from exercise and/or work
IMEC Workbook 2, Pg 73 

[20]

QUESTION 3
3.1 Flammable gas is a known danger in mines. In some instances the most common system failures can lead to gas accumulations, fires or disastrous explosions. Can you indicate which these system failures are? 





 
     (5)

Answer:

· Supervision
· Awareness

· Irresponsibility

· Production pressure

· Psychological factors

IMEC Workbook 2, Pg 217
3.2 Name and give examples of flammable gas explosion ignition sources.    

      (4)

Answer:

· Open flame – Contraband, Welding and cutting and underground fires
· Electrical – Electric cables, electrical equipment, static electricity, cap lamps tampering and instruments not intrinsically safe approved

· Heat – Explosives and blasting, diesel engines and friction

· Mining Activities – Handling explosives, drilling, construction, barring, illegal mining and unknown

         IMEC Workbook 2, Pg 222
3.3 Mining configurations and methods of mining can sometimes lead to flammable gas traps being formed. Can you sketch 4 of these typical gas traps?



      (4)

Answer:
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IMEC Workbook 2, Pg 244
3.4 Supply the required properties and hazards of the following gases: Record the answers in your book from item (1) to (7). 






                  (7)
Answer:

	Gas
	Sources of gas
	Dangers
	Explosive range
	Occupational Exposure limit (OEL)

	Hydrogen Sulphide
	
	(1) 
Poisonous

Explosive
	
	

	Ammonia
	(2) 
Blasting 

Excessive liming of settlers Refrigerants
	
	
	(3) 
25ppm

	Carbon monoxide
	
	
	(4)
Yes

12.5% – 74.2% 
	

	Arsine
	
	(5) 
Poisonous
	
	

	Methane
	(6) 
Decay of vegetable and other organic matter
	
	(7) 
Yes

5.0% – 15.0%
	


         IMEC Workbook 2, Pg 225-226
3.5 Can you name the factors which affect the skin absorption rates?


      (5)

Answer:

· Temperature

· Perspiration

· Skin surface area exposed

· Damage to skin

· Barriers


IMEC Workbook 2, Pg 268
[25]
QUESTION 4

4.1 Name four types of noise that can be found in industry and give three effective pathways where you can reduce the noise?

               



     (7)

Answer four types of noise:

· Continuous noise

· Fluctuating noise

· Interrupted noise

· Impulse noise

Answer three effective ways:

· Reducing noise at source
· Reduction of noise by changes in path

· Reduction of noise at receiver

IMEC Workbook 2, Pg 285-286
4.2    Airborne pollutants is a major contaminant in the mining industry which can lead to long 

term health effects. Which 5 principles will you follow in a strategy to achieve the elimination of the silicosis milestone by December 2024 in that 95% of all exposure measurement results will be below the milestone level for respirable crystalline silica of 0.05mg/m³?









    (5)

Answer:

· Removal of personnel

· Prevention of dust at source

· Dilution by ventilation

· Filtration

· Respirators

IMEC Workbook 2, Pg 175-177
4.3 Dust filtration have been applied to various dusty processes. How must an ideal dust filtration system be developed? 






    (6)
Answer:

· Be easy and cheap to install

· Have a low capital cost

· Be easy to maintain and clean

· Have a satisfactory efficiency, particularly for fine particles

· Have a low power consumption

· Be reliable and robust

IMEC Workbook 2, Pg 177

4.4 What is the advantages and disadvantages of cyclone and fibre filtration systems?     (7)

Answer:

	System
	Advantages
	Disadvantages

	Cyclone
	· No moving parts
· Excellent to remove coarse dust

· Filtered air is not recirculated

· Easy and cheap to install
	· Not effective in removing fine dust particles from the air
· Undesirable for underground use

· Erosion of the walls of the cyclone

	Fibre filtration
	· Easy installation
· Low capital cost

· High filtering efficiency

· Easy maintenance and control
	· Low filtering speed
· Dust build up in filtering surface increases air resistance




IMEC Workbook 2 Pg 181
4.5 Can you name 5 reasons why sampling of mine water is important? 

           
   (5)
Answer:

· Determine the amount of silica dust present in the mine water

· Bacteriological analysis

· Chemical analysis

· Determine the pH value of the water

· Determine the amount of free chlorine in the water

· Radioactive analysis

· Legal compliance by law

IMEC Workbook 2 Pg 195

                 




[30]
TOTAL MARKS: [100]

Q = 350.0 m³/s


T = 10.5/12.5°C


BP= 85.0kPa








A








Q = ?


T = 19.5/29.5°C


BP= 102.5kPa








B
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