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	Question
	1. Risk, Information Management and Statistics
	

	1.1. 
	Briefly explain five of the objectives of the Mine Health and Safety Act.

(Workbook 4, Page 17)
a) To promote and protect the occupational health and safety of persons working at mines.







(1)
b) To promote a culture of health and safety.




(1)
c) To provide for the effective monitoring of health and safety conditions.










(1)
d) To require employers and employees to identify hazards and eliminate, control or minimize risks associated with these hazards.


(1)
e) To provide for employee participation in health and safety matters.
(1)
f) To promote training with regards to health and safety.


(1)

	(5)

	1.2. 
	Briefly explain the meaning or definition of the following phrases or words used for Risk Management.
(Workbook 4, Pages 21 & 45)
a) Safety:

The maintained protection of employees from excessive risks resulting from work factor hazards that may cause harm.

(1)
b) Occupational:
All tasks and duties employees are paid / required to do in the lawful execution of the job they have been trained for.

(1)
c) Health:

A Maintained acceptable degree of physical, mental and social we-being of employees while performing the tasks and duties of employment.








(1)
d) Consequence:
Is the degree of harm, the potential severity of injuries or ill health and/or the number of people potentially affected.

(1)
e) Frequency:
Is the rate per unit time of occurrence or repetition of occurrences (expressed normally per annum or month).


(1)

	(5)

	1.3.
	List and briefly explain the five legal requirements of risk assessments according to the Mine Health and Safety Act.
(Workbook 4, Page 36)
a) Follows a laid down procedure or system (systematic).


(1)
b) Should be recorded for analysis and scrutiny (databases).

(1)
c) Be reliable and responsive (dynamic, not just a paper exercise).
(1)
d) Demonstrates complete analysis (risks identified and controlled).
(1)
e) Is valid for the type of operation assessed (focussed, up to date and can be applied).








(1)

	(5)

	1.4.
	State and thoroughly explain the three important objectives of reporting:
 (Workbook 4, Page 79)

a) To Answer Questions:






(1)
An employee or other stakeholder who wants to know if working conditions are safe and healthy is expecting answers. Presenting and examination, recommendatory, progress or comprehensive report on conditions is usually sufficient to satisfy this.



(1)
b) To Make Recommendations).





(1)
Reports do not only include facts and figures, workplace health and safety conditions may be found to be unsatisfactory or can be improved upon. Required action to improve conditions can then be presented by using a recommendatory report.





(1)
c) To Convey Ideas.







(1)
You may have an idea which can be useful to others. Putting this idea to paper is usually the best way to convey the essence of what you want to say regarding your idea. It serves as a record for future scrutiny and possible modification if certain aspects do not work out as planned.
(1)


	(6)

	1.5.
	List and briefly explain four legislation requirements of Occupational Hygiene and Medical Surveillance Report filing, specify also the period these files must be kept:
 (Workbook 4, Page 55)
a) Establish and maintain a system of medical surveillance of employees exposed to health hazards if it is a regulatory requirement, or if it is necessary according to risk assessment results.



(1)
b) Conduct occupational hygiene measurements.



(1)
c) Keep record of such measurements.




(1)
d) Link these records to an employee’s medical surveillance records.
(1)
e) Safely keep all such records for a period of 40 years from the last date of the medical surveillance of that employee.



(1)
f) Compile and submit an annual report to the Medical Inspector that covers employees of the mine giving an analysis of the employee’s records of medical surveillance, without disclosing the names of the employees.








(1)

	(4)

	1.6.
	Explain how the following Statistical terms are calculated:
 (Workbook 4, Page 105)
a) Standard Deviation:






(2)

Is an estimate of the extend values in a data set are scattered around the mean. The smaller the value, the less the scatter and therefore the more reliable the date set becomes. 




(1)

To calculate the standard deviation, the squares of the deviations of the individual numbers in the data set from the mean of the data set are added and then dividing the resulting sum by the number standard deviation.








(1)

Once the standard deviation and the mean have been obtained, it is simply a matter of calculation to determine the Co-efficient of Variation (CV), which is expresses the standard deviation as a percentage of the mean. 









(1)

b) Percentile (90th):






(3)
This is the k-th percentile of values in a range. You can further use this function to establish a threshold of acceptance. For example, you can decide to examine candidates who score above the 90th percentile. Percentiles are fractals, which relates to hundredths of the way through a data set arranged in order of magnitude and are used as “cut-off” values in a data set. They can also be of value when comparing different data sets.







(1)

Percentiles are calculated as follows: divide the required percentile (30th, 50th, 90th, etc) by 100 and multiply by the number of entries in a data set. The data set entries must be ranked from the lowest to the highest value.








(1)

These give the indication of which item’s value is within the ordered data set to use as the numerical value of that percentile. Interpolation may have to be done to get accurate values if the percentile value falls between numbers and their relevant data set values.


(1)

	(5)

	
	
	[30]


	Question
	2. Fires and Explosions
	

	2.1. 
	Define the following terms, briefly explain in your own words:
(Workbook 4, Page 126)

a) Products of combustion (pyrolysis): The products of pyrolysis (chemical degeneration due to heat), are emitted from a substance in the form of gases, vapours and smokes throughout a range of heating and combustion temperatures.






(1)
b) Flame spread rate: This involves some complicated factors, but basically it is the burning rate of a flammable substance per unit time for a range of temperatures influenced by the amount of oxygen available, heat and smoke produced, density and form of the substance.


(1)
c) Smoke density: This the amount of hydroscopic nuclei emitted from a mass of a burning substance as smoke, at a set combustion temperature. The denser the nuclei are, the denser the smoke.
(1)

d) Flash ignition temperature: This is the lowest temperature that can ignite the vapour of a substance. It is the vapour that burns. It is the vapour that forms a flammable or explosive mixture with the air.

(1)

e) Self-ignition temperature: The temperature at which a substance will ignite spontaneously on exposure to air. This is normally given in °C for specific barometric and vapour pressures.




(1)


	(5)

	2.2.
	List the five main causes of underground fires in metalliferous mines according to the Department of Minerals and Energy, for the five year ending 1995 (as published in the workbook). Briefly explain at least two examples per cause how the hazard can be controlled to prevent mine fires.
(Workbook 4, Page 135 to 136)
a) Electrical Equipment.







(1)

Damaged and overloaded power feed cables could short-circuit and cause fires. Cables should not be attached to timber, timber spikes and catenary wire suspension should be used to keep cables way from timber.









(1)
Cables liable to be damaged by blasting operations must be suitably protected by re-routing them or burying them or using steel pipe sections as armour.








(1)

Where machinery is used, electrical cables should be supported in a way to keep them from fouling with scraper ropes, trucks and hoppers.










(1)
b) Flame Cutting (Oxy-acetylene) and Welding.



(1)

Hot Metal sparks or slag from welding operations can cause fires. Welding or cutting operations must be kept as far away as possible from combustible material and means for extinguishing fires should be close at hand.









(1)

After cutting and welding operations have taken place a careful check must be made to ensure that no hot pieces of metal or smouldering material are left behind.






(1)

Oxy-acetylene cylinders must always be kept in an upright position when being used; valves and regulators must be above the general level of the body of the cylinders.






(1)

c) Explosives (specifically igniter cord).




(1)

Explosives must be stored as far away from combustible material as possible.








(1)
Mud-blasting of timber support is particularly dangerous and should be avoided as far as possible.






(1)

Ignitor cord should never be strung from timber packs. Managerial instructions detailing the use of ignitor cord is very necessary.

(1)

d) Friction, cited as the main source in collieries.

Jammed conveyor belts may ignite because of the friction caused by the rubbing of the driving pulley against the belts. Conveyor belts should be equipped with safety devices and the power off should the belt become stationary while the belt pulleys are still in motion.


(1)

An efficient signalling / trip out system should be installed along the entire length of the belt. The fouling of scraper ropes o sticks and packs has many underground fires.





(1)
Dragging clutches and brakes on vehicles and winches can generate sufficient heat to ignite oil or grease silage.



(1)

e) Spontaneous Combustion (accumulation of rubbish or loose coal)
(1)
Old colliery workings should be cleaned out of all combustible material and then be securely fenced or sealed off.




(1)

In mines where smoking is permitted employees should be taught to thoroughly douse cigarettes and matches before discarding them 
(1)

Burning or explosions of flammable gas are a serious fire hazards. Gas explosions can lead to coal dust explosions on collieries.

(1)

	(15)

	2.3.
	List and briefly explain six areas where spontaneous combustion of coal most likely to occur:
(Workbook 4, Page 139)

a) Major subsidence with cracks involving top coal or roof shales that extend to surface (can allow air leakages’ from surface due to action of ventilating fan pressures).






(1)
b) Where pillar extraction is practised (goaf areas with sluggish airflow).











(1)
c) Sloughing of pillar sides (crushing allows coal to accumulate around base.









(1)

d) Roof coal falls in old areas (accumulations with sluggish airflows)
(1)

e) Junctions (crush on solid coal at corners may have air short circuiting through these)







(1)
f) Air crossings cut into the seam (same condition applicable to junctions)










(1)

g) Doors, regulators and connecting roads (forces air through cracks around the frames)







(1)

h) Obstructions in roads (forces air through breaks in roadways cut into solid coal)








(1)

	(6)

	2.4.
	Briefly explain four problems that will most likely be encountered with Fire Patrol Teams when reviewing the advantages and disadvantages between Fire patrols and Fire detection systems:
(Workbook 4, Page 163)

a) Shaft conveyances are not always on time.



(1)

b) Distances to be travelled are often too long and time consuming.
(1)

c) Not enough trained men in case of accidents or illness.

(1)

d) Areas covered by single fire patrol points are too big, causing delays in pinpointing fires.







(1)

	(4)
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	Question
	3. Coal Dust Explosions & Calculations

	3.1. 
	Briefly explain the five properties of approved Stone dust.
(Workbook 4, Page 217)
a) Contain no less than 95% by mass of incombustible matter with a density (mass per volume) similar to approved pulverised Limestone.
(1)

b) Contain no more than 5% by mass of free silica, or other toxic substance in concentrations that can have an adverse effect on human health. 
(1)

c) Be of such fineness that, when dry, all will pass through a sieve of 600 micro metres and at least 50% of it by mass will pass through a sieve of 75 micrometres aperture.






(1)
d) Not cake easily (unless directly wetted by water) and will readily be able to disperse into the air.






(1)

e) Be light in colour so as to contrast with the underground workings.
(1)

	(5)

	3.2. 
	Briefly explain the four spacing requirements of where Flame Quenching barriers should be installed in a belt road.
(Workbook 4, Page 232)
a) The 1st sub barrier, closest to the last through road, should be sited closer than 60m and not closer than 120m.



(1)

b) The 4th sub barrier should be sited not closer than 100m a not further than 120m from the 1st sub barrier.





(1)

c) The two intermediate barriers should be sited and spaced equidistant between the first and fourth sub barriers.




(1)

d) Three complete sub barriers should be in position at all times, while the fourth, (furthest from the face), is used for forward moves to ensure that the first three barriers are in place at all times.



(1)


	(4)

	3.3. 
	A volume of 4 m³/s of gaseous fumes from a fire in a stope contained 3.8% CO2 and 0.32% CO mixes with 42 m³/s of mine air containing 0.08% CO2 and no CO. What are the concentrations of gases after mixing?
(Exam Questions and Answers 4, Pages 11 and 12)
Quantity of CO2 from stope
=  % CO2 x Q stope





= 3.8 / 100 x 4






= 0.152 m³/s




(1)

Quantity of CO2 in mine air
= % CO2 x Q mine air






= 0.08 / 100 x 42






= 0.0336 m³/s



(1)


Total quantity of CO2
= 0.152 + 0.0336






= 0.1856 m³/s



(½)
Total Quantity of mixture
= 4 + 42






= 46 m³/s




(½)


% CO2

= (Q CO2 / Q mix) x 100%






= (0.1856 / 46) x 100%





= 0.403% (or 4030 ppm)


(1)

Quantity of CO from stope
= % CO x Q stope






= (0.32 / 100) x 4






= 0.128 m³/s




(1)

Quantity of CO in mine air
= Nil

Total Quantity of CO

= 0.128 m³/s

Total Quantity of mixture
= (Q CO / Q mix) x 100%






= (0.0128 / 46) x 100%






= 0.0278% (or 278 ppm)


(1)


	(6)

	3.4. 
	It is planned to test the efficiency of a fire detection system by lighting a freely burning test fire in a return airway underground. Wood will be used for the fire and a burning rate of 0.03 kg/s is expected. The air quantity flowing in the return airway is 12 m³/s with a specific volume of 0.96 m³/kg.
a) What is the maximum theoretical increase you would expect in the carbon dioxide concentration in the airway?



(6)
b) Would you anticipate any danger due to carbon monoxide? 

(2)

Note! Wood has an average carbon content of 50% and 6 kg of carbon combines with 16 kg of oxygen to form 22 kg of carbon dioxide.

 (Exam Questions and Answers 4, Pages 9 and 10)

a) The total carbon liberated must be established:

Carbon liberated = burning rate of fire x carbon content (% / 100)





= 0.03 x 0.5





= 0.015 kg/s




(1)

To determine the amount of Oxygen (O2) required the following ratios were given and must be used:




16 kg O2 combines with 6 kg Carbon




? kg O2 combines with 0.015 kg/s Carbon liberated
This means the amount of O2 required can be established as follows:


Amount of O2 required 
= 0.015 kg/s Carbon x 16 kg/s O2






6 kg/s Carbon


(1)






= 0.04 kg/s O2



(1)

The amount of CO2 produced is therefore the sum of the Carbon and O2 liberated:


The mass flow of CO2 required = 0.015 + 0.04






= 0.055 kg/s CO2



(1)

The total mass flow of air approaching the fire area can be established as follows:





M air
= Q / v






= 12 / 0.96






= 12.5 kg/s




(1)

The percentage CO2 because of the fire must be determined, this will give an indication of how much the CO2 concentration has increased:


The % CO2 in air after the fire = 0.055 / 12.5 x 100






= 0.45 % CO2



(1)






= 4500 ppm

b) Assumption – there is approximately 20% oxygen in normal air. The mass flow of oxygen in the air before the fire can be determined as follows:
The mass flow of O2 in air before fire = % O2 x m




= 20 / 100 x 12.5




= 12.5 kg/s




(1)

The oxygen removed from the air, because of the fire burning, can now be determined:

O2 remaining in air after fire = Mass flow (O2 before – O2 consumed)




=  2.5 – 0.04




 = 2.45 kg/s O2 after the fire

(1)


	(8)

	3.5. 
	25 m³/s of air flowing along an airway, with a uniform cross sectional area of 15.0 m², has a background CO2 concentration of 300 ppm.
A diesel driven load haul dumper (LHD) operating in the airway raises the return air carbon dioxide concentration to 5500 ppm when the vehicle is stationary, presuming that the gas emission characteristic is not affected when in motion:
a) Calculate the rate of carbon dioxide gas emission from the LHD in m³/s.










(3)
b) Calculate the additional air quantity required to limit the return air side CO2 concentration to 2000 ppm.





(3)
c) Calculate the CO2 gas concentration at the operators position when the LHD operates in the following conditions:

i. Travelling at 2.5 km/h in the same direction as that of the ventilation flow.






(6)

ii. Travelling at 8 km/h against the direction of the ventilation flow. 









(5)

(Exam Questions and Answers 4, Pages 41 and 42)

a) Consider the CO2 levels:


On the return air side = % CO2 x Q air





= 0.55 / 100  x 25
(0.55% = 5500 ppm)





= 0.1375 m³/s



(1)



Background CO2
= % CO2 x Q air






= 0.03 / 100 x 25
(0.03% is 300 ppm)






= 0.0075 m³/s



(1)

Therefore CO2 emitted by LHD = CO2 return – CO2 background






= 0.1375 – 0.075






= 0.13 m³/s




(1)

b) The additional fresh air to dilute the CO2 gas must now be determined:

Q fresh to dilute CO2
= (Q gas x 106) – Q gas







MAC – N






= (0.1375 x 106) – 0.1375

(1)







2000 – 300







= 80.7 m³/s



(1)


The additional amount of air required = 80.7 - 25






= 55.7 m³/s



 (1)
c) The cross sectional area of the airway = 15 m³/s

The air quantity given as

= 25 m³/s




The air velocity
= Qty / Area






= 25 / 15






= 1.67 m/s 



(1)
i. The speed of the vehicle (LHD) must be expressed in m/s, at 2.5 km/h the vehicle travels


= km/h  x 1000






min x sec






= (2.5 x 1000) / 3600






= 0.69 m/s



(1)

When the vehicle travels in the same direction of the air, the effective air velocity is as follows.


= air velocity – vehicle velocity







= 1.67 – 0.69







= 0.98 m/s



(1)
The effective air quantity available for mixing must now be determined:





Q effective
= V x A







= 0.98 x 15







= 14.7 m³/s
The quantity of CO2 from exhaust
= 0.13 m³/s

The quantity of CO background
= 0.03 / 100 x 14.7







= 0.00441 m³/s


(1)

The total quantity of CO2 in air
= 0.13 + 0.00441






= 0.13441 m³/s


(1)



% of CO2 in airway

= (Q CO2 / Q mix) x 100%







= (0.13441 / 14.7) x 100%







= 0.914 % CO2 (or 9140 ppm)
(1)

ii. The speed of the vehicle (LHD) must be expressed in m/s, at 8 km/h the vehicle travels


= km/h  x 1000






min x sec






= (8 x 1000) / 3600






= 2.22 m/s



(1)

When the vehicle travels in the opposite direction of the air, the effective air velocity is as follows.

= air velocity + vehicle velocity







= 1.67 + 2.22







= 3.89 m/s



(1)
The effective air quantity available for mixing must now be determined:





Q effective
= V x A







= 3.89 x 15







= 58.4 m³/s
The quantity of CO2 from exhaust
= 0.13 m³/s

The quantity of CO background
= 0.03 / 100 x 58.4







= 0.01752 m³/s


(1)

The total quantity of CO2 in air
= 0.13 + 0.01752







= 0.14752 m³/s


(1)



% of CO2 in airway

= (Q CO2 / Q mix) x 100%







= (0.14752 / 58.4) x 100%






= 0.253 % CO2 (or 2526 ppm)
(1)
	(17)
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