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QUESTION 1 (20 POINTS) 
 

1.1 Name five (5) factors that govern the air volume requirements when designing 

a shaft system.                                                                                                    (5) 

Answer 

1.1.1 Desired working conditions (1) ✔ 

1.1.2 Depth of mining (1) ✔ 

1.1.3 Development programme (1) ✔ 

1.1.4 Down and up-cast facilities (1) ✔ 

1.1.5 Economics (1) ✔ 

1.2 During the planning stage of mine certain requirements for effective ventilation 

are to be considered as control measures and for economic viability.  Describe 

briefly at least five (5) of the engineering requirements.          (5) 

Answer 

1.2.1 To prevent fires and explosions (1) ✔ 

1.2.2 To ensure the local exhaust systems operate properly (1) ✔ 

1.2.3 To eliminate pressure differences at doors (1) ✔ 

1.2.4 To ensure complete combustion (1) ✔ 

1.2.5 To conserve energy (1) ✔ 

 

1.3. It has been decided by mine management to deepen it ‘s existing vertical shaft by 
500m to establish 4 additional production levels. For sinking the 7.5 m diameter shaft a 
force exhaust system will be used. A minimum air volume of 20 m3/s will be required at 
shaft bottom to ensure a 30-minute re-entry period directly after blast. 

1.3.1 What is the maximum distance from the shaft bottom that the exhaust intake 

can be carried to ensure a 30 minutes’ re-entry period? Discount over breaking 

of the rock in this calculation. Clearly state the assumption you make.  
           (6) 

Answer 
The fan discharge volume = 20 m3/s 
Diameter of the shaft           =7.5 m 

Number of air change (Assume) =6 (2) ✔✔ 

Shaft Area =  
𝜋𝐷2

4
=

𝜋7.52

4
= 44.17 say 44.2m2 (1) ✔ 

The total of air to be replaced by the fan in 30 minute is  

Volume of air replaced =Q×re-entry period(seconds)=20× (30×60) = 36 000 m3(1) ✔ 
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The maximum distance between the force discharge and the exhaust intake must 
be determined, the shaft area has been determined as 44.2 m2 and the air volume 
to be replaced as 36 000 m3. The distance applicable to these vales must now be 
determined and will therefore represent the maximum distance between the 
discharge and exhaust intake column. 

Length =
𝑉𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝑎𝑖𝑟

𝐴𝑟𝑒𝑎
 
36 000

44.2
= 814.47 say 814.5 m(this is for one air change)(1) ✔ 

 

For 6 air change =
𝑇𝑜𝑡𝑎𝑙 𝑙𝑒𝑛𝑔𝑡ℎ𝑜𝑛𝑒 𝑎𝑖𝑟 𝑐ℎ𝑎𝑛𝑔𝑒

𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑎𝑖𝑟 𝑐ℎ𝑎𝑛𝑔𝑒𝑠
 =

814.5

6
 =135.75say 136m(this is  for six air 

change) (1) ✔ 
1.3.2 Once you have determined the maximum distance, do a check to see 

whether 20 m3/s would be adequate to ensure a safe re-entry period of 

30 minutes.         (4) 

 

(b) Check the answer obtained in (a) above, maximum volume to be cleared with 
one air change: 

  Volume= Area ×Length=44.2×136 =6 011.2 m3 (1) ✔ 
Total volume to be replaced in the 30 minutes’ re-entry period: 

=6011.2×6=36 0672.2 m3 (1) ✔ 
Total air volume required: 

Q  =
𝑉𝑜𝑙𝑚𝑒 𝑜𝑓 𝑎𝑖𝑟 𝑡𝑜 𝑏𝑒 𝑑𝑖𝑠𝑝𝑙𝑎𝑐𝑒𝑑

𝑇𝑖𝑚𝑒 𝑠𝑒𝑐𝑜𝑛𝑑𝑠
  =

36 067.2

30×60
 =20.03 say 20m3/s (1) ✔ 

The Distance of 136 m is correct (1) ✔ 
 
 
QUESTION 2 (45 Points) 

Your mine group proposes to start a new mine in the Free state area. The following are 
some of the planning parameters for the mine: 

 Tonnage broken                               220 000 tons per month 

   Average depth below surface       2145m 

 Reject wet –bulb temperature      30.5˚C maximum 

 Dip of reef                                         15˚C 

 Stoping width                                    1.5m 

 Type of mining                                Longwall 

 Expected VRT (O.F.S)                      To be calculated 

Draw up a report on the various factors that directly concern the occupational 
Environment (Hygiene) Department in the planning for the mine. Some of the more 
pertinent factors are given below, and it is suggested that you use these as heading in 
your report. 
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 Total face length required to mine the 220 000 tons 

 Calculation of the shallowest and deepest working depth 

 Air quantity to be circulated 

 Optimum shaft sizes (up and down cast) 

 Fan requirements (main and diesel motor fans) 

 Refrigeration capacity 

Your report should follow the normal format and should be brief, but without the 
omission of important facts. 
The following assumptions should be made 

 Reject dry-bulb temperature 31.5˚C 

 Base your calculation on 220 000 tons/month from 4 longwalls 

 Density of the rock is 2700kg/m3 

 Stope face advance rate is 6m per month 

 Assume air density is 1.2kg/m3 

 Heat pick in stope face is 2.2kW per metre face length 

Answer 
1. Total length required to mine 220 000 tons to be determined 

Face length  =
𝑇𝑜𝑡𝑎𝑙 𝑡𝑜𝑛𝑠 𝑚𝑖𝑛𝑒𝑑 𝑝𝑒𝑟 𝑚𝑜𝑛𝑡ℎ

𝐹𝑎𝑐𝑒 𝑎𝑑𝑣𝑎𝑛𝑐𝑒×𝐷𝑒𝑛𝑠𝑖𝑡𝑦 𝑜𝑓 𝑟𝑜𝑐𝑘×𝑆𝑡𝑜𝑝𝑒 𝑤𝑖𝑑𝑡ℎ
 

                       =  
220 00

6×2.7×1.5
  = 9 053.49  say 9053m    9053    (1) ✔ 

 
2.To get 9053 m you need 4 longwalls on strike at a length each determined as 
follow 

Longwall back length= 
9053

4
  =2 263.25 say 2 263m            (1) ✔ 

 
3.The various mining depth related to this problem must now be determined, given 
that the average mining depth is 2145m, the vertical distance between the start 
and end of each longwall as follows:  

Vertical distance =back length×sin15˚=2263×sin15˚=585.7 say 586m (1) ✔ 
Depth of the shallowest and deepest workings can now be determined: 

Shallowest workings =2145 - 
1

2
 ×586=1852 m                  (1) ✔ 

Deepest workings      =2145 +
1

2
× 586= 2438 m      (1) ✔ 

 
4.The air quantity that needs to be recirculated can now be determined, let’s 

assume an air quantity factor of 3.5m3/s per kilo ton mine per month.      (2) ✔✔ 
 

Air required  =
𝑇𝑜𝑛 𝑚𝑖𝑛𝑒𝑑 ×𝐴𝑖𝑟 𝑞𝑢𝑎𝑛𝑡𝑖𝑡𝑦 𝑢𝑠𝑎𝑔𝑒 𝑓𝑎𝑐𝑡𝑜𝑟

1000
=

220 00×3.5

1000
 = 770 m3/s  (1) ✔ 
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The downcast velocity in a downcast shaft can vary between 10 and 15 m/s, but in 

practice 10.5 m/s seems to most suitable                                 (1) ✔ 

Shaft  area  =
𝐴𝑖𝑟 𝑞𝑢𝑎𝑛𝑡𝑖𝑡𝑦  𝑟𝑒𝑞𝑢𝑖𝑟𝑒𝑑

𝐴𝑖𝑟 𝑣𝑒𝑙𝑜𝑐𝑖𝑡𝑦
   =

770

10.5
  =73.3 m2                      (1)   ✔ 

 

Shaft area =
𝜋𝐷2

4
 

Diameter of shaft=√
4×𝑆ℎ𝑎𝑓𝑡 𝑎𝑟𝑒𝑎

𝜋
  =√

4×73.3

𝜋
  =9.66  say 9.7 m         (1) ✔ 

 
The sub-shaft quantities can now be determined (assume 2 sub-shaft) assume air 

densities remain constant.  (1) ✔ 

Air required  by sub-shaft=
𝐴𝑖𝑟 𝑞𝑢𝑎𝑛𝑡𝑖𝑡𝑦  𝑟𝑒𝑞𝑢𝑖𝑟𝑒𝑑

2
  =  

770

2
 =385 m3/s .  (1) ✔ 

The downcast sub –shaft detail can now be determined: 

Downcast sub-shaft area=
𝐴𝑖𝑟 𝑟𝑒𝑞𝑢𝑖𝑟𝑒𝑑 𝑏𝑦 𝑠𝑢𝑏−𝑠ℎ𝑎𝑓𝑡

𝐴𝑖𝑟 𝑣𝑒𝑙𝑜𝑐𝑖𝑡𝑦
=

385

10.5
=36.66 say 36.7 m2  

Downcast sub-shaft area    =  
𝜋𝐷2

4
 

Diameter downcast sub-shaft= √
4×𝑑𝑜𝑤𝑛𝑐𝑎𝑠𝑡 𝑠𝑢𝑏−𝑠ℎ𝑎𝑓𝑡 𝑎𝑟𝑒𝑎

𝜋
=√

4×36.7

𝜋
 =6.8m (1) ✔ 

The up –cast velocity in up-cast shaft should not be less than 12m/s; let’s assume 

piratical velocity of 17.5m/s.     (1)    ✔ 

Up-cast shaft area =     
𝐴𝑖𝑟 𝑞𝑢𝑎𝑛𝑡𝑖𝑡𝑦  𝑟𝑒𝑞𝑢𝑖𝑟𝑒𝑑

𝐴𝑖𝑟 𝑣𝑒𝑙𝑜𝑐𝑖𝑡𝑦
   =

770

17.5
  =44.0m2 (1) ✔  

 Up-cast shaft area  =      
𝜋𝐷2

4
               

Diameter up-cast shaf =√
4×𝑢𝑝−𝑐𝑎𝑠𝑡 𝑠𝑢𝑏𝑠ℎ𝑎𝑓𝑡 𝑎𝑟𝑒𝑎

𝜋
 =√

4×44.0

𝜋
=7.48 say 7.5m  (1) ✔ 

5.The fan requirements must now be determined, by calculating the pressure 
drops in the down cast shafts, the sub-shaft and the upcast-shaft: 

 Pressure drop down cast shaft =
𝐾𝐶𝐿𝑄2

𝐴3
 ×

𝑊

1.2
      

                                                        =
0.025×30.5×1852×7702

73.33
 ×

1.2

1.2
     

                                                         =2125.9say 2126Pa   (2) ✔ ✔ 

 Pressure drop 2sub-shaft(parallel)= 
𝐾𝐶𝐿𝑄2

𝐴3
 ×

𝑊

1.2
      

                                                                         =
0.025×21.4×586×3852

36.73
 ×

1.2

1.2
     

                                                              =940.1say 940Pa (2) ✔✔ 

 Pressure drop in the up-cast shaft=
𝐾𝐶𝐿𝑄2

𝐴3
 ×

𝑊

1.2
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                                                             =
0.004×23.6×1852×7702

44.03
 ×

1.2

1.2
 

                                                              = 1216.8 say 1217Pa (2) ✔✔ 
 

Total Shaft pressure losses=2126 +940+ 1217 =4283 Pa (1) ✔ 

Let assume that the pressure loss in working is 50% of the lost in the shaft (1) ✔ 

Pressure loss in workings =0.5×4283=2141.5 say 2142 Pa (1) ✔ 

Total shaft pressure loss=4283+2142=6425Pa (1) ✔ 
Therefore install three fans at the top of the up-cast shaft, with the following duty 

257m3/s(770/3) @6425Pa (1) ✔ 
6.Using Atkinson’s formula P=RQ2, determine the total resistance for the shaft: 

The resistance R for the shaft   =
𝑃

𝑄2
 =

6425

2572
 =0.0972Ns2/m8 (1) ✔ 

Assume an emergency quantity of 200 m3/s :                                                                P 

P=RQ2= 0.0972×2002= 3 888Pa    or 3.9kPa (1)    ✔                                                            

The emergency fan should be able   to handle 200 m3/s at 3.9kPa (1) ✔ 
7.The refrigeration capacity should now be determined and the VRT must first be 
determined 

VRT= 20 +(14.6×depth(km)) =20 +(14.6×2,450) =55.77 say 55.8˚C (1) ✔       

The heat load in the stope faces=9053×2.2=19 916.6 say 19 917kW (1) ✔ 
Let assume the heat load due to machine, fissure water etc, minus net cooling by 
compressed air and auto decompression can be taken as ½(haft) of the Kw per 

metre face length, therefore9958.5 say 9959Kw (19 917/2) (1) ✔                                                                                                    

Total heat load in stope is therefore=19917+9959=29 876 kW  (1) ✔ 
 

All other heat loads such as hoist haulage etc add 25% of the total heat load (1) ✔ 

Total heat load is therefore =29 876+ 0.25×29876=37 345kW (1) ✔ 

 Refrigeration to be supplied in the form of chilled water has to determined 

assume 1 m3/s of air represents equals 22Kw of refrigeration (cooling done 

by the air) then as follows:                            

 Cooling supplied by 770m3/s air   =770×22kW=16 940kW (1) ✔ 

 The additional cooling required can be determined as follows: 

Additional cooling required =37345 – 16940=20 405kW  (1) ✔ 
7.Base your service water consumption on 2.5tons of water per ton of rock mined 

(1)    ✔ 
Service water requirement is as follows:                                                                                                                         
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Service water=
𝑡𝑜𝑛𝑠 𝑚𝑖𝑛𝑒𝑑×𝑤𝑎𝑡𝑒𝑟 𝑓𝑎𝑐𝑡𝑜𝑟×1000𝑙𝑖𝑡𝑟𝑒𝑠/𝑡𝑜𝑛

𝑑𝑎𝑦𝑠 𝑖𝑛 𝑚𝑜𝑛𝑡ℎ×ℎ𝑜𝑢𝑟𝑠 𝑝𝑒𝑟 𝑑𝑎𝑦×3600
 

                         =
220000×2.5×1000

26×24×3600
   

                          =244.8 say 245 litres/second (1) ✔ 
The cooling supplied the service water can be determined assuming a Δt of 10˚C 

for a drop in temperature of the water. (1) ✔ 

Cooling supplied by service water =mcΔt=245×4.187×10=10 258kW  (1) ✔ 

 The cooling that has to be supplied through additional cooling, ie bulk air 

cooling of the air 

Bulk air cooling needed =20405 -10258=10 147kW   (1) ✔ 
The total refrigeration needed can now be determined, assume a plant positional 

efficiency of 75%   (1) ✔ 

The total  amount  of refrigeration needed=
𝐵𝑢𝑙𝑘 𝑎𝑖𝑟 𝑐𝑜𝑜𝑙𝑖𝑛𝑔 +𝑆𝑒𝑟𝑣𝑖𝑐𝑒 𝑤𝑎𝑡𝑒𝑟 𝑐𝑜𝑜𝑙𝑖𝑛𝑔

𝑃𝑜𝑠𝑖𝑡𝑖𝑜𝑛𝑎𝑙 𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦
 

                                                                  =
10147+10258

0.75
 

   
                 

                            =27 206.6say 27207kW or 27.2MW (1) ✔                                                                             
 

QUESTION 3 (20 Points) 

A downcast shaft is 1 250 meters deep. The air quantity at the mean shaft density is 
300m3/s. The pressure loss is 1.97kPa and the coefficient of friction K=0.02Ns2/m4. 
The overall efficiency of the fan system is 75% and the cost of power is R1000/year/kW. 
It is proposed to increase the air quantity to 400m3/s and consideration is being given to 
streamlining the shaft buntons. 
Two types of streamlining are available: 
Type A, which will reduce the coefficient K to 0.013Ns2/m4 and will cost an amount of 
R700 00 for the whole shaft. 
Type B, which will reduce the coefficient K to 0.0102Ns2/m4 and will cost an amount of 
R1 000 000 for whole shaft. 

If the life of the shaft is 20years and the present value of RI per annum at 12% over 
20years is R7.47, which would be the best course of action? 

3.1 Scheme(a) to leave the shaft as it is 

3.2 Scheme(b), to install “Type A” streamlining 

3.3 Scheme(b), to install “Type B” streamlining 

Note: the fan can be adapted to any of the three conditions without additional 
cost, other than power cost. 
 
Motivate your answer. 
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Answer 

3.1 Scheme(a)    (9) 

Pressure required to pass 300m3/s through shaft =1970Pa 

From the equation P=RQ2 it is obvious that P is directly proportional to Q2, which means that: 

                                    
𝑃2

𝑃1
    = 

𝑄2
2

𝑄1
2   

                                 P2 = P1×
𝑄2

2

𝑄1
2  =1970×

4002

3002
  =3 502Pa  (3)  ✔✔✔ 

 

New pressure to pass 400 m3/s through the shaft is 3502Pa 

Air power=
𝑝𝑄

1000
=

3502×400

1000
 =1400.8 say 1400kW   (2)  ✔✔ 

The inlet power to the fan motor must now be determined, given the fan overall system 

efficiency as 75%: 

Inlet power to the fan motor=
𝐴𝑖𝑟 𝑝𝑜𝑤𝑒𝑟

𝐸𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑦 −𝑓𝑎𝑛
=  

1400

0.75
 =1867 kW (2) ✔✔ 

  Cost input power per year= R(1867×1000)= R 1 867 000 (1) ✔ 

PV of power costs =(1867000×7.47)= R13 946 490  (1) ✔ 

There is no capital cost involve in scheme (a) 

3.2 Scheme (b) – TYPE A      (4) 

Assuming that the efficiency of the fan system remains constant, PV  of power cost scheme be 

will vary directly as the K –factor. 

PV of power cost =Power cost scheme a ×
𝑲𝒂

𝑲𝒐𝒓𝒊𝒈𝒊𝒏𝒂𝒍
 

                             = 13 946 490 ×
𝟎.𝟎𝟏𝟑

𝟎.𝟎𝟐
 = R9 065 219 (3) ✔✔✔ 

Capital cost =R 700 000 

Total owning cost=R (9 065219 + 700 000) = R 9 765 219 (1) ✔ 

3.3 Scheme (B) – TYPE B        (7) 

Assuming that the efficiency of the fan system remains constant, the PV of power cost for 

scheme c will also vary directly as the k –factor:  

PV power costs =Power costscheme a ×
𝑲𝒃

𝑲𝑶𝒓𝒊𝒈𝒊𝒏𝒂𝒍
  



Page 9 of 19 

                           =13 946 490 ×
𝟎.𝟎𝟏𝟎𝟐

𝟎.𝟎𝟐
               

                                   =R 7 112 710 (3) ✔✔✔ 

Capital cost =R1000 000 (1) ✔ 

Total owning cost=R (7 112 710+1000 000) =R8 112 710 (1) ✔ 

 Scheme (c) would be the best course action (2) ✔✔ 

 

QUESTION 4 (15 Points) 
 
Elaborate on one (1) of the following relevant articles (Journal 74 – number 4 – 
October /December 2021): 
 
“Hardline performance ducting friction factor” 

Answer 

 Introduction (1) ✔ 

 Instrumentation(3) ✔✔✔ 

 The duct testing  instrument(3) ✔✔✔ 

 Testing methodology(3) ✔✔✔ 

 Test resul(3) ✔✔✔ 

 Coclusion(2) ✔✔ 

 
                                   OR 
Mine ventilation in a post Covid-19 world: 
“Remotely controling underground ventilation devices to realise ventilation on demand” 
 

Answer 

 Introduction (0.5) ✔ 

 Research background and context (2) ✔✔ 

 Problem statement (2) ✔✔ 

 What is ventilation on demand(VOD)? (2) ✔✔ 

 Why consider remote control and management of ventilation system (2) ✔✔ 

 How does a remote control system work? (2) ✔✔ 

 Static, finding and analysis (2) ✔✔ 

 Practical scenario (one is enough) (2) ✔✔ 

 Conclusion (0.5) ✔ 
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