
1 

 

 

 

Minerals Council South Africa 
 

MEMORANDUM 

SUBJECT:  

CHAMBER OF MINES OF SOUTH AFRICA –  
CERTIFICATE IN MINE ENVIRONMENTAL 
CONTROL 

 PAPER 3 
 
SUBJECT CODE: COMMEC3– ECONOMICS, 
PLANNING AND TECHNICAL LITERATURE 
 
EXAMINATION DATE: 10 OCTOBER 2019     
 
TIME:    14:30 – 17:30 

EXAMINER: M. Coelho 
 

 
 
MODERATOR: M. Beukes 
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SPECIAL REQUIREMENTS: 

THIS IS NOT AN OPEN BOOK EXAMINATION. FORMULA HANDOUT IS AVAILABLE 
INSTRUCTIONS TO CANDIDATES: 

1. 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.  
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QUESTION 1   [20] 

1.1 With aid of a sketch show the environmental strategy for various zones? (5) 

1.2 State 5 typical design aspects and criteria?      (5) 

1.3 State 5 characteristics of the formal feasibility phase?    (5) 

1.4 The figure below shows a typical example of ventilation/cooling phase-in profile. 

Explain what is meant by phase-in of capital?     (5) 

 

Answers 

1.1 

 
 



3 

 

 

 

 

1.2 

 
1.3 

 

Any 5 

Any 5 
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1.4 

 

 

QUESTION 2   [25] 

You are the ventilation engineer of a platinum mine in the eastern limb for which the 

ventilation requirements are to be determined. The figure below shows the mining layout 

of a portion of the mine.  
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The table below shows the diesel fleet that will be active per strike section  

 

2.1 What requirements must be met for a diesel dilution factor of 0.06m3/s per rated kW 

at point of application to be used for ventilation planning?  (2) 

2.2 Calculate the air requirement per strike section? (assumes 20% leakage) (4) 

2.3 Three (3) declines are to be developed from surface, the decline cluster will have 2 

LHDs operational during a working shift. Calculate the air requirement for the decline 

cluster? (assumes 20% leakage) (3) 

2.4 Calculate the air requirement for bottom entry strike section provided that the bottom 

entry requires 1.5 the air requirement of a strike section? (2) 

2.5 An underground  workshop 8m wide and 5m high requires a minimum velocity 0.5m/s. 

Calculate the air requirement for this commitment? (2) 

2.6 Calculate the air requirements for the mine if there will 6 active strike sections together 

with the decline cluster? (assume 30% strike section leakage) (6) 

2.7 The decline excavation dimension and maximum carrying velocities are shown in the 

table below. Calculate the maximum volume that the declines can accommodate? (4) 

 

2.8 Is there a shortfall? (2) 

1 West 1 East

2 West 2 East

3 West 3 East

4 West (Bottom strike section) 4 East (Bottom strike section)

Decline cluster

Portal entrance (surface)
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Vehicle type Engine Output (kW) Number of

LHD 256 2

Support equipment (includes drill rigs , bolters, UV, etc) 40 N/A

Excavation Wide (m) High (m) Maximum velocity (m/s)

Conveyor belt decline 4.5 3.5 3

Machine decline 6 3.5 7

Chairlift decline 5 4 5



6 

 

 

 

Answers 

2.1 Tier 3 or Tier 4 engines 

 50ppm or 10 ppm sulphur content in diesel 

2.2 Q per strike = (2x256 +40) x 0.06 =33.12 m3/s 

Add 20% in section leakage 

Qstrike= 33.12 / 0.8 = 41.40 m3/s 

2.3 Qdecline = 2 x 256 x 0.06 = 30.72 m3/s 

Add 20% section leakage 

Qdecline = 30.72 / 0.8 = 38.4 m3/s 

2.4 Qbottom =Qstrike x 1.5 = 41.40 x 1.5 = 62.1 m3/s 

2.5 Qworkshop = 8 x 5 x 0.5 =20 m3/s 

2.6 Qtotal = 4 x Qstrike +2 x Qbottom + 1 x Qdecline + 1 x Qworkshop 

  = 4 x 41.4 + 2 x 62.1 + 1 x 38.4 + 1 x 20 

  = 348.2 m3/s 

Add 30% strike section leakage  

Qtotal = 348.2 / 0.7 

 = 497.4 m3/s 

2.7 Q max conveyor = 4.5 x 3.5 x 3 =  47.25 m3/s 

 Q max machine = 6 x 3.5 x 7 = 147 m3/s 

 Q max chairlift = 5 x 4 x 5 = 100 m3/s 

 Q max total = 294.25 m3/s 

2.8 Yes there is shortfall of 203.2 m3/s (497.4-294.25). Additional intake infrastructure will 

be required to meet the ventilation requirements 

 

QUESTION 3   [20] 

3.1 Define total owning cost? (2) 

3.2 If you were to invest the sum of R20000 in a bank at an interest rate of 11% 

compounded annually. What would the value be after 5 years? (3) 

3.3 A ventilating duct system will have a useful life of 5 years. The prevailing interest rate 

is 12%. The capital cost of this system is R 37 750 000. At the end of its life this system 
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will have a resale value of 20% of the capital cost. Determine through calculation the net 

present value cost of the installation? (5) 

3.4 You are required to choose between 2 fans designed to operate at 300m3/s at 

4000 Pa. Fan A costs R 25 000 000 and has an efficiency of 83%. Fan B costs 

R 19 600 000 and has an efficiency of 73%.If the life of the project is to be 20 years and 

the average, cost of electricity is R 0.78c/kWh. Which fan is the most economical? 

Assume the fan will operate continuously for 24 hours per day and 365 days per annum. 

The value of R 1 per year over 20 years at 12% interest is 7.47. (10) 

Answers 

3.1 TOC is the total amount of money it costs to own a scheme at today’s value 

3.2  A=P(1 + (i/100)^n 

Thus A = 20000x(1 +11/100)^5 

  =20 000x(1.11)^5 

  =R 33 701.16 

3.3 Capital cost to purchase ducting =R 37 750 000 

 Resale value in 5 years = R 37 750 000 x 0.2 

                    = R 7 550 000 

A=P(1 + (i/100)^n 

Therefore 

P  = A/(1 + (i/100)^n) 

 = 7 550 000/((1 + (12/100))^5)  

 = R 4 284 073 

Actual capital cost installed cost = R 37 750 000 - R 4 284 073 

                       = R 33 465 927 

3.4 Electrical power cost R/kW/annum = 0.78x24x365 

                                =R 6 833/kW/annum 

FAN A 

Capital cost = R25 000 000 

Air power =PQ/1000 

  =(4000x300)/1000 

  =1200 kW 
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Power consumed  =(1200 x 100)/83 

   = 1 446 kW 

Annual power cost = 1446 x 6833 

   = R9 880 518 

PV of power cost = R9 880 518 x 7.47 

   = R 73 807 470 

FAN A TOC  = R 25 000 000 + R 73 807 470 

   = R 98 807 470 

FAN B 

Capital cost = R19 600 000 

Air power =PQ/1000 

  =(4000x300)/1000 

  =1200 kW 

Power consumed  =(1200 x 100)/73 

   = 1 644 kW 

Annual power cost = 1 644 x 6833 

   = R11 233 452 

PV of power cost = R11 233 452 x 7.47 

   = R 83 913 886 

FAN B TOC  = R 19 600 000 + R 83 913 886 

   = R 103 513 886 

The TOC of FAN A < TOC FAN B 

FAN A would be more economic to purchase  

 

QUESTION 4  [20] 

The ventilation requirements for a coal mine with sparse methane must be determined. 

The following aspects should be considered: 

• Mining Method: Bord and Pillar 

• Road width:  6.5 m 

• Seam Height: 3.2 m 
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• Pillars sizes: 12 x 12 m 

• Air velocity – conveyor belt: 2.5 m/s 

• Air velocity – intake road: 3,5 m/s 

• Air velocity – return road: 6 m/s 

• Air velocity – downcast shaft: 8 m/s 

• Air velocity – up cast shaft: 10 m/s 

• Standard Panel length: 1,2 km 

• Assume air utilisation: 80 % 

• Air commitments: 150 m3/s 

• Design velocity in last through road:1,2 m/s 

• Production ton/continuos miner/month: 60 000 t  

• Production /year: 4 320 000 t 

 

4.1 Calculate the total area per road       (1) 

4.2 Calculate the volume required for the conveyor road    (1) 

4.3 Calculate the volume required for the return road     (1) 

4.4 Calculate the volume required for the intake road     (1) 

4.5 Calculate the volume required in the last through road?    (1) 

4.6 Number of continuous miner sections required?     (2) 

4.7 Calculate the total volume required for the mine?     (4) 

4.8 The diameter of the downcast shaft?       (2) 

4.9 The diameter of the up cast shaft?       (2) 

4.10 Calculate the friction pressure loss in the downcast shaft?   (2) 

4.11 Calculate the pressure loss in the intake roadways per km?   (3) 

Answers 

 

Answer  - EE pg 971 

4.1 Total area per road = 3.2 x6.5 = 20.8m2 

4.2 Airflow volume on conveyor road (QB) = 20.8 x 2.5 = 52 m3/s 

4.3 Airflow volume return road (QRAW) = 20.8 x 6 = 125 m3/s  

4.4 Airflow volume intake road (QINTAKE) = 20.8 x 3,5 =  73 m3/s 

4.5 Minimum volume air in last through road (QR) = 20.8 x 1,2 = 25 m3/s 
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4.6 

Total tons/month  = 4 320 000/12 

   = 360 000 tons/month  

Sections required  = 360 000/60 000 

   = 6 

4.7 

Minimum airflow volume (QR) = 25 m3/s  

Airflow volume for 6 sections = 6 x 25 = 150 m3/s  

  

Airflow volume for 6 sections (including utilisation factor) = 150/0.8 = 187.5 m3/s  

 

Total airflow volume required = (187.5 + 150)/0.8 = 421.88 m3/s  

 

4.8 

421.88/8 = 52.73m2  

 

Diameter = ≈ 8.2 m  

 

4.9 

420.31/10 = 42.18m2  

 

Diameter = ≈ 7.33 m  

 

4.10 

𝑭𝒓𝒊𝒄𝒕𝒊𝒐𝒏 𝒑𝒓𝒆𝒔𝒔𝒖𝒓𝒆 𝒍𝒐𝒔𝒔  = 𝟐. 𝟓 𝒙
𝒘𝒗𝟐

𝟐
 

      =2.5 x ((1 x82)/2)  (Assume w =1) 

      = 80 Pa  

4.11 

Rule of thumb EE pg 974 = velocity pressure loss of 1Pa for each pillar.  

Therefore, a velocity pressure loss of 1 Pa = 17 m or 58.82 Pa per km  
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The pressure loss for intake roadways → 58.82 x 2.52/2 = 183.81 Pa (Assume w=1)  

 

 
QUESTION 5   [15] 

Elaborate on the relevant section in the article related to mine environmental 

control and occupational hygiene, which appeared in the following publication 

“In-Stope dust control at Beatrix Gold Mine” by J.J.L. Du Plessis and M.I. van der Bank – 

Associate Professor, UP and Environmental Engineering Manager, Beatrix Gold Mine  

October/December 2018 Volume 71 No 14 

The authors discuss field trial results of In-Stope dust control using atomising spray. 

Elaborate on their key findings of the field trial results? (15) 

NB! Elaborate on this section of the paper only  

Answers: 
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