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Abstract 

The Potash Corporation of Saskatchewan Inc. has invested 2.8 billion dollars in its Rocanville Division, a 

potash mine in southeast Saskatchewan. The investment was made to increase site production nameplate 

capacity from 3.0 million tonnes per annum (MMtpa) (K20) to 5.7 MMtpa (K20). The expansion consisted 

of three components. First, processing capacity was doubled by building a second mill facility. Second, 

ore hoisting capacity was increased by converting the existing service shaft into a production shaft. 

Finally, mine production capacity was increased by nearly tripling the production mining machine fleet 

and opening new ore reserves. In addition to this, a new (third) remote shaft to act as a new service shaft 

was also constructed. This thesis covers the design of a mine ventilation system that will meet the 

operating constraints of the post-expansion production requirements, the publishing of which is unique 

compared to typical potash mine ventilation practice, which has historically been based solely on field 

experience. The mine ventilation system was designed by analyzing the minimum requirements for 

effective production on a ‘per machine’ basis. Shaft capacities for airflow were also analyzed and mine 

resistance was estimated using ventilation engineering principles. Design calculations were then verified 

through extensive computer modeling, and used to generate specifications for fan systems. This thesis 

also presents the planning of the construction and commissioning and the phased implementation of the 

system while the mine continued to produce potash. The transition phases were planned to work in 

conjunction with mine production downtime, complement other ‘expansion’ related construction 

activities, and most importantly provide effective ventilation to the mine throughout the entire process. A 

comparison of the ventilation model to in-field survey data was completed during several of the early 

transition phases to verify the design calculations. This thesis also presents novel applications of 

engineering principles used to optimize the design from and aerodynamics and health and safety (sound 

exposure and local air velocity) viewpoint, perspectives often unconsidered when performing conveyance 

design, shaft design, and determining fan placement. All of this was done in order to reconcile ventilation 

requirements with production expectations, allowing for efficient and productive potash mining. 
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Chapter 1 

Introduction 

1.1 Rocanville Mine – History 

The Rocanville Mine was built by Sylvite of Canada Ltd. (a division of Hudson’s Bay Mining 

and Smelting Ltd.) in the late 1960s and is located in south eastern Saskatchewan, as displayed 

Figure 1. Potash (K20) production began at Rocanville in 1970. The mine has run on a continuous 

basis since then (excluding short-term shutdowns taken for inventory management purposes). The 

Potash Corporation of Saskatchewan Inc. acquired the Rocanville Mine in 1977 (Potash 

Corporation of Saskatchewan Inc., 2011). 

 

Figure 1 - Canadian Potash Operations 

(Potash Corporation of Saskatchewan Inc., 2011) 
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1.2 Rocanville Mine – Pre-Expansion Operations 

The mine workings are 1000 meters below the surface, and historically have been accessed 

through two concrete lined shafts sunk between 1967 and 1970. The #1 Shaft is the production 

shaft where ore is skipped to surface utilizing two 30 tonne skips. The #2 Shaft is the service 

shaft; personnel and materials are lowered into the mine through this shaft. Mining at Rocanville 

utilizes a long room-and-pillar mining method and ore is mined using a fleet of four-rotor 

continuous mining machines. The run of mine ore (approximately 25,000 tonnes per day) is 

conveyed to the #1 Shaft for skipping to surface and processing onsite. Rocanville Mine has a 

product output of 3.0 million tonnes per annum (MMtpa) (K20).  A simplified plan view mining 

schematic for the current Rocanville Mine is shown in Figure 2 (abandoned workings have been 

removed from the map, only areas with active production are shown). 

 

Figure 2 - Simplified Rocanville Mine Layout 
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For ventilating the mine, the #2 Shaft is utilized as the fresh air source, and approximately 142 

m3/s is downcast into the mine through this shaft. The airstream then circulates through the 

workings, and is returned to the Rocanville site to be exhausted to surface up the #1 Shaft. The 

Rocanville Mine has historically ventilated all of its mining headings in parallel (single pass 

ventilation); the fresh air is split in the main entries going to each machine, and once the airstream 

reaches the mining face it becomes exhaust. The exhaust from each machine combines with other 

exhaust streams and eventually all of the airflow reports to the exhaust shaft. 

1.3 Rocanville Mine - Expansion 

A 2.8 billion dollar expansion project to both the mine and mill was initiated at the Rocanville 

Mine (the expansion started in late 2007). The target product output for the post-expansion 

operation is 5.7 MMtpa (K20). The increased production requires new ore processing facilities to 

be installed at Rocanville Mine. An increase in the mine’s hoisting capacity is required as well. 

An estimated 50,000 tonnes per day (doubling the current underground production rate) will need 

to be hoisted. Since retro-fitting the hoist system in the #1 Shaft to match the ore processing 

facilities’ design feed rate would be impractical, the current service shaft (the #2 Shaft) will be 

converted to a production shaft. The #2 Shaft will be outfitted with two 46 tonne skips. To match 

mine production capacity to the increased hoisting capacity, the production mining machine fleet 

has been expanded from five mining machines to eleven. Pre-expansion, Rocanville Mine had a 

fleet of five four-rotor Marietta continuous mining machines. The mining machine fleet 

expansion was started in 2010 when the first of six new PMP Xcel-44 four-rotor continuous 

mining machines was placed into service. In 2014, the fleet expansion was completed. In total, 

eleven production mining machines are now in service at the Rocanville Mine to meet the post-

expansion production requirements. In conjunction with the conversion of the #2 Shaft to a 

production hoist, a third shaft (The #3 Shaft) is currently being constructed 16 km west of the 

Rocanville surface site, as displayed in Figure 2, at the Scissors Creek site. The #3 Shaft serves 
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three significant purposes: first, the new shaft will be the mine service shaft, providing access for 

personnel and materials to the mine; second, due to its geographical location, it will provide 

shorter access to active mining areas as new reserves are mined; and finally it will provide a new 

source for fresh air to the mine.  

Historically, Rocanville ventilation has had fresh air downcast into the mine through its service 

shaft, and exhaust air travel in the production shaft to keep personnel and materials out of the 

exhaust stream. Once completed, the #3 Shaft will act as the primary source of fresh air for the 

entire Rocanville Mine, and the #2 Shaft will be converted to a second exhaust shaft, working in 

conjunction with the #1 Shaft. With the effective doubling of the mine and mill at the Rocanville 

Mine, it was proposed that the airflow quantity through the mine should also be doubled (up to 

283 m3/s). The airflow would enter the mine ventilation system at the Scissors Creek site (the #3 

Shaft), where it would be directed into the #3 Shaft by surface fresh air fans. Sets of underground 

booster fans would draw air down the #3 Shaft and boost it out to the mine workings. At the 

Rocanville site, new underground boosters would be installed to draw air from the workings and 

boost it up the #1 and newly converted the #2 Shafts. Surface fans atop both of these shafts would 

then draw the exhaust air from these shafts and ventilate it to atmosphere. 

1.4 Objectives 

The purpose of this thesis is to present the reconciliation of the existing mine ventilation system 

at the Rocanville Mine to match the increased production expectations as a result of the mine 

expansion activities. The thesis demonstrates a scientific approach to determining the mine 

ventilation requirements and the implementation of a new ventilation system. The process was 

completed by analyzing the minimum requirements for a mining machine, and then extrapolating 

those requirements to the entire fleet. The airways of the mine were analyzed (including shafts, 

plenums, and underground workings) using ventilation engineering principles to understand the 

resistance to flow, and fan systems were then designed to achieve the desired airflow volumes in 
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the mine. A phased implementation plan is also presented to allow the mine to continue 

operations as the fresh air is transferred to the #3 Shaft and the #2 Shaft is converted to an 

exhaust shaft.  

1.5 Document Structure 

This section is a presentation of the remaining chapters in this thesis and a brief description on the 

contents of each chapter. Chapter 2 is a presentation of the engineering principles for the practice 

of ventilation design relevant to this thesis. Chapter 3 presents the factors relevant to ventilation 

design for the Rocanville Mine, culminating in the recommendation of an optimal design airflow 

for a single production mining machine. Chapter 4 leverages the optimal airflow per mining 

machine into the ventilation design for the whole mine, showcases the utilization of computer 

modelling to validate design calculations, and discusses the operating characteristics of the 

designed post-expansion ventilation system. Chapter 5 presents the detailed planning process of 

transitioning the ventilation system for the Rocanville Mine from the historical two-shaft system 

to the new three-shaft system. Chapter 6 discusses the verification of the ventilation design 

calculations, and computer model validation when compared to field measurements through 

several phases in the transition process. Chapter 7 discusses the engineering considerations, 

innovations, and optimization work completed through the design and construction processes for 

the ventilation system. Finally, Chapter 8 presents the conclusions on the thesis and 

recommendations for future work.  
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Chapter 2 

Literature Review 

An efficient mine requires effective ventilation in order to successfully operate. To effectively 

ventilate a mine, airflow must be maintained both into and out of the workings so that fresh air 

can either remove or dilute the contaminants introduced by the mining process. This chapter 

presents the engineering principles for the practice of ventilaion design relevant to this thesis, 

referencing previosuly completed research into best practices when performing mine ventilation 

design. 

2.1 The Fundamentals of Airflow 

Air flow is induced by the application of pressure to the air stream. Without this pressure 

differential, no airflow occurs. Systematically then, if the pressure differential is maintained, the 

established airflow will continue to ventilate the mine. The quantity of airflow in the workings is 

a function of the velocity of the airstream and the area which the air passes through, as per 

Equation 1, where Q is the volumetric flow rate (m3/s), v is the air speed or velocity (m/s), and A 

is the area (m2). 

Equation 1 =  

 

There are two major factors to consider when estimating the quantity of airflow that will occur in 

a mine. The following is a discussion on these factors, and their impact on mine ventilation 

design. 
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2.1.1 Pressure and Resistance 

As stated above, for air to flow in a ventilation system, pressure has to be applied to the airstream 

in that system. The pressure generated to induce the airflow is used up while overcoming the 

resistance to the airflow (De Souza, 2013e). Resistance to airflow is offered by anything the 

airstream comes in contact with inside the circuit. Roughness of the walls of the drifts, changes in 

drift area, corners in the workings, obstructions within the drifts, and many other factors offer 

varying degrees of resistance to the air stream.  

The ventilating pressure is the pressure required to maintain the designed airflow and overcome 

all of the resistance offered to that air stream within the designed circuit. Airflow follows a 

square-law relationship with pressure and resistance as shown in Equation 2, where P is the 

pressure (Pa), R is the resistance (N.s2/m8), and Q is the volumetric flow rate (m3/s). 

Equation 2 =  

 

2.1.2 Mine Pressure Heads (Static and Velocity) 

Since the pressure ‘P’ to move the desired flow rate ‘Q’ throughout the mine workings is directly 

related to the resistance ‘R’ that exists in the workings, it is essential to know the resistance that 

will be offered by the workings. The higher the resistance of the circuit, the more energy is 

consumed to move the desired quantity through it. The Law of Conservation of Energy states that 

energy cannot be created or destroyed, but rather changes from one form to another. In the case of 

airflow, the energy input to the system is lost due to friction or shock loss (discussed later), or is 

eventually exhausted to the atmosphere. 

2.1.2.1 Static Head Pressure (HS) 

Mine static head is the pressure exerted by the air in a system perpendicular to the walls confining 

that system. This pressure can be negative, or positive when compared to atmospheric pressure. 
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The static head represents all of the energy “consumed in the ventilation system to overcome all 

flow head losses (De Souza, 2013e).”  

2.1.2.2 Velocity Pressure (HV) 

Velocity pressure (or head) is the kinetic energy that the air stream has once it reaches the end of 

the circuit, at which point this energy is lost to the atmosphere. Velocity head can be calculated 

by Equation 3, where Hv is the velocity pressure (Pa), and v is the velocity of the airstream (m/s).  

Equation 3 = 0.6007 ∗ 	 
 

2.1.2.3 Total Mine Pressure (HT) 

The sum of the static head and velocity head represents all of the energy input to the system to 

move the desired quantity of airflow through the ventilation circuit, as per Equation 4.  

Equation 4 = +  

2.1.2.4 Static Pressure Loss (HL) 

As previously stated, resistance in an airstream occurs when it interacts with either the boundaries 

that contain it (drift walls, steel ducting, shaft walls, etc.), which is known as friction loss, or 

objects within it (fans and regulators, obstructions in the drift, mine equipment and conveyances), 

known as shock loss. The sum of the friction loss and shock loss experienced by the air stream 

form the static head loss for the system (Pa), as per Equation 5. 

Equation 5 

( ) = 	( ) + 	( ) 
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2.1.2.4.1 Friction Loss (Hf) 

Friction loss is the pressure consumed when the airstream has to overcome interaction with the 

walls of the airstream’s path. At the boundary where the airstream meets the wall, the airstream 

can experience shearing, and this can generate eddy currents that consume the airstream’s 

potential energy. 

Friction loss is dependent on the velocity of the air and the roughness of the individual wall 

surfaces of the mine workings. Friction loss can constitute 70-90% of the head losses in typical 

mine ventilation systems (De Souza, 2013e). 

Friction loss in mine ventilation design is primarily calculated using the Atkinson Equation, 

shown in Equation 6, where k is the empirical friction factor for the confining boundary of the 

airstream (walls, duct, etc…) (N.s2/m4), p is the airway perimeter (m), L is the airway length (m), 

A is the airway cross-sectional area (m2), and Q is the volumetric flow rate (m3/s). Values of k 

can either be measured in the mine and then used (Prosser, et al., 1999), or lists of published 

values for different drift conditions and wall materials (averages from many studies) can be 

obtained in ventilation text books (De Souza, 2013e). 

Equation 6 =   

Simplifying further, the equation can be reduced by substituting ‘R’ (the resistance factor) for 

KPL/A3, forming Equation 7 where R is the Resistance Factor (N.s2/m8). 

Equation 7 =  

2.1.2.4.2 Shock Loss (Hx) 

Shock loss is the pressure consumed when the airstream must overcome a change in airway cross-

sectional areas, obstructions in the flow path, or a change in direction (like a sharp corner). At the 

boundary where the airstream impacts these objects, the airflow can again experience shearing, 
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and this can generate eddy currents that consume the potential energy. Specific applications of 

shock loss calculations are shown in the following sections. 

2.1.2.4.2.1 Changes in Drift Cross-Sectional Area – Abrupt and Gradual Expansions 

2.1.2.4.2.1.1 Abrupt Expansion 

Where one airway intersects another and a significant increase in drift cross-sectional area occurs, 

like at a shaft station as exemplified in Figure 3, there is shock loss due to turbulence caused by 

the rapid expansion of the airstream.  

 

Figure 3 - Abrupt Expansion 

The air slows down due to the increase in area (Equation 1), and the fast moving air that is 

‘coming behind’ the air that has entered the slower moving stream interacts with the slower 
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stream by creating eddy currents. In this case the shock loss is calculated as a function of the 

velocity head of the smaller airway, as shown in Equation 8, where X is the shock loss factor 

(unitless). In this application, X is calculated as shown in Equation 9, where d is the diameter of 

the smaller airway (m), and D is the diameter of the larger airway (m). 

Equation 8 

	 	 = 	( 	 ) 
Equation 9 

= (1 −  

2.1.2.4.2.1.2 Gradual Expansion 

When the airstream moves from one airway to another through a diverging taper, as when airflow 

through a fan passes through a cone into a duct larger than the fan (Figure 4), the airflow 

undergoes a gradual expansion. The shock loss associated with the expansion can be determined 

by Equation 10, where n is the effectiveness factor associated with the transition, and ∆Hv is the 

difference in velocity pressures at either end of the taper (change in area, change in velocity, 

Equation 1). 
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Figure 4 - Gradual Expansion 

Equation 10 

	 = (1 − )∆  

Values of the effectiveness factor are a function of the areas of the inlet and the outlet of the 

transition and the length to inlet radius ratio. The effectiveness factors for conical diffusers and 

plane diffusers are shown in Figure 5 and Figure 6. 
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Figure 5 - Effectiveness Factor of Conical Diffusers   

(Jorgensen, 1983) 
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Figure 6 - Effectiveness Factor of Plane Diffusers  

(Jorgensen, 1983) 
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2.1.2.4.2.1.3 Abrupt Contraction 

The shock loss due to an abrupt contraction of the airway occurs when the airstream must enter a 

much smaller airway without a smooth transition, as at a shaft bottom as presented in Figure 7.  

 

Figure 7 - Abrupt Contraction 

 

Similar to the abrupt expansion case, the shock loss associated with an abrupt contraction can be 

calculated by Equation 11. The shock loss factor, X, is calculated by Equation 12.  

Equation 11 

	 	 = 	( 	 ) 
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Equation 12 

=	 ( − . ) 
2.1.2.4.2.1.4 Gradual Contraction 

The shock loss associated with a gradual contraction in the airway, as when an airstream enters a 

fan as shown in Figure 8 can be calculated by Equation 13. 

 

Figure 8 - Gradual Contraction 

Equation 13 

	 	 = 	( 	 ) 
 

In the case of a gradual contraction, the shock factor X is a function of the taper angle of the 

contraction in degrees. A limit of 60 degrees (maximum) is placed on the equation, above where a 

factor associated with abrupt contraction should be used. The X factor can be determined from 

Table 1. 
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Table 1 - Gradual Contraction X Factors 

 

(De Souza, 2013e) 

2.1.2.4.2.1.5 Bends 

An airstream flowing around a bend is compressed to the outside of the bend by centrifugal force. 

A shock loss occurs when the airstream exits the corner and expands back to the full airway area. 

Referring to Figure 9, shock loss for a normal bend, or one that has uniformly curved sides and a 

constant width is calculated as shown in the following sub-sections. 

Taper Angle X
5 0.05
10 0.06
15 0.08
20 0.1
25 0.11
30 0.13
45 0.2
60 0.3

Gradual Contraction X 
Values
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Figure 9 - Standard Bend Layout  

(De Souza, 2013e) 

The radius ratio for the bend is calculated by Equation 14, where r is the radius ratio, Ʀ is the 

radius of the bend along the centerline (m), and Ɗ is the depth (or height) of the airway in the 

plane of the bend (m). 

Equation 14  = Ʀ	/	Ɗ 

The aspect ratio a for the bend is calculated by Equation 15, where W is the depth, or width of the 

airway in the plane of the bend (m).  

Equation 15 = /Ɗ 
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Using the radius and aspect ratios, the X factor can be calculated for elbows with various 

deflection angles using Equation 16, where X is the shock loss factor of the bend, and i is the 

angle of deflection of the bend (degrees). 

Equation 16 

= ( 0.25√ )(90)  

The shock loss associated with the bend is calculated by multiplying the X factor by the velocity 

pressure of the airway, as shown in Equation 17. 

Equation 17 = 	( ) 
2.1.2.4.2.1.6 Splits and Junctions 

There is a shock loss associated with the splitting or union of an airstream, like at the junction of 

a mine shaft, subcollar/headframe, and ventilation plenum as shown in Figure 10.  
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Figure 10 - Splits and Junctions 

The shock loss factors that are to be applied to the various airstreams through splits and junctions 

can be estimated using the shock factors listed in Figure 11. 
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Figure 11 - Values of Friction Factor for Bends, Splits, and Junctions  

(Misra, 1986) 

The shock loss of a split or junction is especially evident at shaft tops and bottoms where the 

airstream enters or exits the shaft. Typically the airstream is splitting or merging at these 

locations, and the geometry of the intersecting branches is quite variable so there is also a 

significant area change to account for. 
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2.2 Airflow Resistance in Mine Shafts 

The primary fresh air and exhaust points of airflow for the underground workings are the mine’s 

shafts, connecting the workings to surface. This section is a presentation of the factors that need 

to be considered within the shafts that affect airflow in the mine. 

In a typical mine shaft, there are four components to consider when estimating airflow and the 

resistance to it that will be offered by the shaft:  

- Shaft stations 

- Shaft walls and liners  

- Static inclusions 

- Shaft conveyances 

Total shaft resistance is calculated by summing these four resistance components, as shown in 

Equation 18. 

Equation 18 = + + +  

2.2.1 Shaft Station Resistance 

The shaft stations are the first and last point in the shafts. They exist where the air enters at the 

top and exits at the bottom (or vice versa). Shock losses caused by the abrupt changes in cross-

sectional area and airflow direction at these locations can cause significant resistance on the 

ventilation circuit. Shock losses associated with shaft stations are calculated using Equation 19. 

Equation 19 = 	( ) 
2.2.1.1 Shaft Station Design Guidelines 

This section presents ventilation considerations for shaft station design and calculating resistance. 

“In poorly designed installations, the shock losses that occur at shaft stations and points of air 
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entry and exit may be greater than those due to the shaft itself. For shafts that are used for both 

hoisting and ventilation it is preferable to employ air by-passes at the main loading and 

unloading stations (De Souza, 2009),” so maintaining a plenum at the surface station and 

effective orifices for air to leave the shaft at the bottom are important. De Souza continues, “This 

will minimize high airflow resistances and excessive local velocities when a conveyance is in the 

parked position. At shaft-bottom stations, the main airstream may be diverted into airways 

intersecting the shaft some 10 to 20 m above the loading station. At the shaft top, the main 

airflow should enter or exit the shaft some 10 to 20 m below the surface loading point. When 

main fans are employed on the shaft then they will be connected via a ventilation plenum (fan 

drift) and an airlock becomes necessary at the shaft top. If no main fan is required at that 

location then high-volume, low-pressure fans may be utilized simply to overcome the resistance of 

the plenum and to ensure that the shaft top remains free from high air velocities. Properly 

designed plenums offer many advantages. They avoid personnel being exposed to high air 

velocities and turbulence at loading/unloading points; they reduce dust problems in rock-hoisting 

shafts; they eliminate the high shock losses that occur when skips or conveyances are stationary 

at a heavily ventilated inset. When properly designed, at the intersections between shafts and 

plenums, the entrance should be rounded and sharp corners avoided. Such losses are normally 

determined on the basis of shock losses, using the velocity in the free area of the shaft.(De Souza, 

2009).” Shaft station resistance can be calculated by Equation 20, where Xc is the shock loss 

factor (unitless), and A is the shaft cross-sectional area (m2). 

Equation 20 

=	0.6007  
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2.2.2 Shaft Wall and Liner Resistance 

The resistance generated by the walls can typically be calculated using the Atkinson resistance 

equation (Equation 6). The ‘k’ factor used in the equation is estimated by either utilizing field 

measurements where available, or by referencing published lists based on the material that the 

liner consists of. Where the shaft is lined with different liner materials, a total length for each 

material can be used and the results combined for total shaft wall resistance determination. In 

typical potash mines, shaft liners consist of both concrete and cast iron tubbing sections. The 

concrete portions of the liner provide a uniform and relatively smooth perimeter surface for the 

airstream to pass along. Concrete has a relatively low k-factor associated with it, and the 

resistance due to concrete sections is therefore low. The tubbing is in place through the water 

bearing formations to seal the formations from the inside of the shaft, preventing water a path of 

entry into the mine. The tubbing consists of an outer plate ring supported by inner structural rings, 

as illustrated in Figure 12. Due to this increased ‘roughness’ in the wall profile, the k-factor of 

tubbing rings is considerably higher than for concrete, and the resistance associated with the 

tubbing sections is therefore much higher. 

 

Figure 12- The #3 Shaft Tubbing  
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These rings are relatively evenly spaced through the tubbing sections. From a shaft resistance 

perspective, there is a change in airflow area each time the airstream passes over a support beam, 

and each time it enters the area where no beam is present. Each flange presents an obstacle to the 

airstream where it passes onto the flanged area, and creates a small eddy in the airflow, spooling 

into the dead space above it. As well, as the airstream exits into the larger diameter section, an 

additional turbulent eddy could be generated in the airstream. If the support rings were 

sufficiently far apart that the eddies can be dampened out by the next ring, then each ring would 

act in isolation. Conversely, as the ring spacing decreases, the eddies are not able to be dampened 

out completely before they intersect the next ring. A tighter ring spacing will result in 

compounded interference, or wake interference, which will effectively lower the total degree of 

turbulence (combining waves together of opposite signs). This will reduce the ‘k’ value, but the 

effective area for flow is also decreased towards the dimension of the inner diameter of the 

support rings. In general, tables of measured values are used in conjunction with experience to 

estimate friction factors through tubbing and concrete sections in mine shafts. 

2.2.3 Static Inclusion Resistance 

There are two types of static inclusions in a shaft, those that run the length of the shaft parallel to 

the direction of airflow (longitudinal fittings), and those that run perpendicular to the direction of 

flow (buntons). The following is a presentation of the effects that these inclusions have on the 

airstream in a mine shaft. 

2.2.3.1 Longitudinal Fittings 

These fittings run parallel to the direction of airflow. Some examples of these types of fittings 

include head ropes, tail ropes, rub ropes, guide ropes, mine utility service cables and pipes (De 

Souza, 2009). These inclusions typically offer very little resistance to the airstream, and can be 

accounted for in two ways. The first method is to nominally increase the k factor for the shaft, but 

this will usually result in an overly conservative estimate of the resistance offered by the 
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inclusions (De Souza, 2009). The second method is to subtract the inclusion cross sectional areas 

from the shaft area to give a ‘free area’ for airflow. Further to this, the outer perimeters of all 

inclusions should then be added to the shaft perimeter to give a true rubbing perimeter for the 

airstream in the shaft (De Souza, 2009).  

2.2.3.2 Buntons 

Buntons are inclusions in the shaft that run perpendicular to the airstream in the shaft. Buntons 

create drag and increase shaft resistance. If there are a large number of buntons in a shaft, it is 

typically the dominant source of resistance in the shaft (De Souza, 2009). Similar to the shaft wall 

tubbing, if the buntons are spaced far enough apart that the eddy currents generated in the 

airstream are dampened out, their effect is to be calculated individually. If the buntons are spaced 

closely enough such that compound wake interference will occur, the combined resistance of the 

buntons must be calculated.  

2.2.4 Shaft Conveyance Resistance 

The resistance to airflow in a shaft offered by the conveyances in that shaft is governed by three 

factors. Firstly, the coefficient of fill (Cf), is the ratio of the cross sectional area of the largest 

conveyance compared to the free area in the shaft. Second, the conveyance dimensions (depth, 

width, and to a slightly lesser degree, height), are quite important. Thirdly, the conveyance 

aerodynamics (enclosure of tops and sides to streamline flowpaths over the conveyance) can also 

substantially affect the total conveyance resistance (De Souza, 2009). 

2.2.4.1 Static Conveyance 

For a stationary conveyance, the resistance is calculated by using Equation 21, where Xc is the 

shock loss factor determined from Figure 13, based on conveyance geometry, and A is the cross 

sectional area available for flow in the shaft (m2). 
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Equation 21 

	( ) = 	 0.6007  

 

 

Figure 13 - Conveyance Geometry and Shock Loss 

(McPherson, 1988) 

All of the curves shown in Figure 13 present an Xc for a conveyance whose length, L, is 1.5 times 

its width, W. An inset correction factor curve is included to apply to the Xc value for conveyances 

with different ratios. These curves also refer to a conveyance with a fully enclosed roof, floor, 

and two sides, meaning two sides are open. For fully enclosed (or more aerodynamic) 

conveyances, a reduction of up to 15% may be applied to the Xc value (De Souza, 2009). 

 



 

 

 

28

 

2.2.4.1.1 Coefficient of Fill Guidelines 

The slopes of the curves presented in Figure 13 increase rapidly above a coefficient of fill (Cf) 

value of 30%, displaying the important effect that Cf has on the resistance offered by the 

conveyance. This means that a conveyance should be held to as small as possible in ‘plan view’ 

dimensions. A long, narrow conveyance will offer less resistance than a shorter, broader 

conveyance.  

As a design rule of thumb, the Cf  should not exceed 30% for shafts with 2 or more conveyances, 

and for single conveyance shafts, the Cf should not exceed 50%. These limits are installed based 

on the cyclic nature of hoisting, and the variations in pressure, resistance and fluctuation in fan 

loading that could occur (De Souza, 2009). 

2.2.4.2 Moving Conveyance 

Conveyance movement in the shaft will impact the shaft resistance to airflow. How the resistance 

is changed and how the conveyances react in the shaft are functions of the conveyance size, 

shape, and Cf (De Souza, 2009). 

2.2.4.2.1 Shaft Relative Velocity Guidelines 

In shafts with synchronized skips or cages (2 conveyances), typically the conveyances pass at a 

point mid-shaft. At this point the Cf will instantaneously, but only momentarily, double. However, 

due to the momentum of the airstream above and below the conveyances and the compressibility 

of the air, this effect on resistance dampens out very quickly (De Souza, 2009). Of greater 

importance is the effect of the passing conveyances on the conveyances themselves. This mid-

shaft interaction usually takes place at maximum conveyance velocity, so the relative velocity 

between the conveyances is twice the hoisting velocity.  There is usually a small or no physical 

barrier between the conveyances, and the physical distance between them is also small. 
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There are two mechanisms that influence the reaction and stability of the conveyances. “First, a 

thin boundary layer of air will exist on the surface of the conveyances and moving at the same 

velocity. Hence, there will be a very steep velocity gradient in the space between passing 

conveyances. Shear resistance, due to skin friction drag, will apply a braking action on the inner 

sides of the conveyances and produce a tendency for the conveyances to turn in towards each 

other. Secondly, the mean absolute velocity in the gap between the passing conveyances is 

unlikely to equal that surrounding the rest of the conveyances. There exists a variation in static 

pressure and, hence, applied force on the four sides of each conveyance, the venturi effect. This 

again, will result in a tendency for lateral movement” (De Souza, 2009). The effective resistance 

of the moving conveyance is calculated by Equation 22, where vc is the conveyance velocity 

(m/s), and va is the airflow velocity (m/s). 

 

Equation 22 

	( ) = 	 0.6007 	 1 + 	  

2.2.4.2.2 Shaft Free Air Velocity Guidelines 

The shaft free area velocity is the velocity of the airstream in the shaft, with the conveyance not 

located in the shaft. “The free air velocity in a combined ventilation and hoisting shaft should not 

exceed 10 m/s. Typical [service] shafts will have a velocity ranging between 5 and 7.5 m/s (De 

Souza, 2009).” 

2.2.4.2.3 Shaft Relative Air Velocity Guidelines 

The maximum relative velocity is the relative velocity of the conveyance and the airstream at 

mid-shaft when the conveyance is going in the opposite direction of the airstream. It is calculated 

as shown in Equation 23. 
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Equation 23 

= +1 −  

As a guideline (and not a regulatory requirement) to follow to ensure conveyance stability, the 

maximum relative air velocity between the airflow and the largest conveyance should not exceed 

30 m/s, and must not exceed 50 m/s (De Souza, 2009). 

2.3 Summary of Past Ventilation Design Practices at the Rocanville Mine 

One of the objectives of this thesis is to document the ventilation design process for the 

Rocanville Mine. Shaft construction, mine production planning and design, and rock mechanics 

are topics that have been extensively researched and well documented throughout the potash 

industry’s history, but past ventilation practice in potash mining has very little published 

information in the way of ventilation design. In fact, exhaustive searching through publically 

available research forums only yielded a small number of papers on the topics of recirculation of 

airflow in potash mines for the purpose of lowering mine air heating and energy costs and the 

determination of friction factors in potash mines. Internal research of the Rocanville Mine’s 

historical ventilation files also yielded very little in the way of design information and technical 

specifications for the systems that were currently operating at the commencement of the mine 

expansion. Many of the historical files available provided insight into airflow behavior in the 

mine (flow rate, dust, temperature, humidity, gas concentrations, etc…), as well as documented 

case studies into the effects of changing fan settings (status, speed, and/or blade angle). All of this 

is indicative of a system that was operated solely by field experience and experimentation. 

At the Rocanville Mine many of the previously installed fan systems were either ineffective or 

inefficient, and very little compatibility between the systems existed. Details of these 

inefficiencies are described in the following sub-sections. 
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2.3.1 The #2 Shaft 

2.3.1.1 Surface Fan Installation 

The pre-expansion surface fan installation is effective at moving air into the shaft, but is not 

operationally efficient. The system consists of one Sheldons 80-8-8R and one Elta 078/550/12/32 

fan. The operating curves for these fans are available in Appendix D, Figure 41 and Figure 42. 

The Elta fan operates at 37 % efficiency and the Sheldons fan operates at 52 % efficiency. 

2.3.1.2 Underground Fan Installation 

The legacy fresh air system installed underground at the #2 Shaft is effective at moving air 

through the #2 Shaft into the mine workings, but is not efficient. The system consists of four fans 

operating in parallel. The individual fan curve for this system is available in Appendix D, Figure 

43. Each fan moves approximately 36 m3/s of air, operating at a total pressure of approximately 

1100 Pa. This installation operates at 65% efficiency. 

2.3.2 The #1 Shaft 

2.3.2.1 Underground Fan Installation 

The previously installed underground fans at the #1 Shaft were not effective at applying static 

pressure to the airstream, and were incredibly inefficient. The fans did not meet the design 

requirements for the application they were installed for. The system consisted of two Joy 54-26-

1770 Type 2000 fans operating in parallel. The fans each were moving approximately 70 m3/s of 

air. Before the fans were removed from service, a near-neutral, but negative differential pressure 

of up to approximately 20 Pa (measured across the bulkhead) was the typical operating condition 

of these fans, meaning that they applied zero static pressure to the air, and were in effect, 

restricting the airflow. This operating point obviously does not exist on the fan curve. These fans 

are designed to operate most efficiently between 42 and 57 m3/s at total pressures between 1990 

and 2990 Pa, as indicated on the fan curve available in Appendix D, Figure 44. In-mine surveys 
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indicated the fans moved much of the mine exhaust airstream out of the mainline beltway rather 

than have the airstream carry on to the reclaim bin tops in order to reduce the air velocity in the 

bin top area, and thereby prevent the exhaust airstream from picking up fine dust material that is 

aerated in the area of the bin tops as the run-of-mine ore fills the bins. This dust would then not 

be exhausted up the shaft, potentially causing buildup issues along the shaft walls, but would 

rather settle out in the bins. However, the operation of the fans did not impact the total airflow 

through the mine workings, and were therefore doing no effective work. 

2.4 Summary and Further Information 

This chapter has presented the main concepts required to complete a ventilation design for any 

network and establish the required flows based on the factors of resistance and pressure. No two 

ventilation designs are the exact same. Different airway geometries and wall material properties, 

operating characteristics of ventilation networks, and geographical locations impact the network 

design. An additional analysis of various fan and ventilation system components that will impact 

resistance and therefore fan total pressure has been completed, and is included in Appendix E. As 

well, this chapter has documented the pre-existing fan installations at the Rocanville Mine, and 

set the stage for why this thesis, which presents an all-encompassing, integrated design of all of 

the required systems, is novel.  
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Chapter 3 

Minimum Ventilation Requirements 

 
The following is a presentation of the critical flow requirement factors that were considered when 

completing the post-expansion Rocanville Mine ventilation design. Four main topics were 

considered in determining the requirements: applicable laws and regulations, gas emissions, heat, 

and dust. This chapter concludes in a recommendation on a ‘per-machine’ design airflow that can 

be used to generate the total airflow volume requirements for the expanded mine. 

3.1 Applicable Laws and Regulations 

The Rocanville Mine falls under the jurisdiction of the Saskatchewan Labor Relations and 

Workplace Safety, Mines Unit. The mine is therefore required under law to comply with the 

Saskatchewan Mines Regulations. All applicable laws that the ventilation criteria of the design 

must meet are available in Part XIV of the Mines Regulations. 

Regarding the legal criteria to consider when completing the design, Mines Regulation 292.3 

states: 

“Except as otherwise provided in these regulations, to the extent that is 

reasonably practicable, an employer or contractor must ensure that in any 

underground part of a mine where workers work or pass: 

(a) the concentration of airborne carbon monoxide does not exceed 25 parts 

per million at any time; 

(b) the concentration of airborne carbon dioxide does not exceed 5 000 parts 

per million at any time; 

(c) the concentration of airborne nitrogen dioxide does not exceed two parts 

per million at any time; and 

(d) the oxygen content is not less than 19.5% and not more than 23%, by 

volume at any time. (The Government of Saskatchewan, 2003)” 
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and Mines Regulation 345.1.a.i.B requires 0.0633 m3/s of fresh air supplied for every diesel 

kilowatt underground (The Government of Saskatchewan, 2003). 

3.2 The Effects of Mining 

Mining at Rocanville is done using electrically powered mining equipment, and the ore is 

conveyed to the shaft using electrically driven conveyor belts. Though these components of the 

mining process contribute to an increase in heat and dust in the airstream, they do not 

significantly contribute airborne contaminants (like gases) within the airstream in any quantity or 

volume such that any applicable laws are at risk of being contravened. However, much of the 

equipment used to support mining activities (loaders, scoops, telehandlers, etc…) are diesel 

powered, and the vast majority of the personnel transport and maintenance support equipment are 

diesel powered as well. Development mining does also utilize diesel powered Torkar ore haulers 

when conveyor belt installation would be impractical.  All of this diesel equipment produces 

emissions, and the ventilation network must supply fresh air such that the applicable laws 

(Section 3.1) are not contravened.  

3.2.1 Mining Method and Typical Panel Ventilation 

Production rooms at Rocanville are cut in three passes, totaling 20.1 m wide. A 27.5 m pillar 

between rooms is left, and the sequence is started again. Figure 14 shows the three typical passes 

in the mining sequence for a room at Rocanville. The first pass is 7.9 m wide, 2.6 m tall, 1600 m 

long and is mined in straight lines, with the mining machine having an extensible conveyor belt 

constructed behind it as it mines forward. The second and third passes utilize this belt by means 

of a cross-conveyor to extract the ore in 6 m passes on either side of first pass. 
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Figure 14 - Production Room Dimensions 

Each ‘pass’ in the room has its own ventilation design. When doing the ventilation design for the 

different passes, several factors have to be considered. First, the source of fresh air for the panel is 

not going to change, meaning that supply comes from a single point source, and this can be 

assumed as constant in typical mining at Rocanville. Second, the airflow must pass over the 

miner to exhaust the heat generated by the motors, and sweep the dust generated at the face. 

Finally, the dust and heat generated must be exhausted from the work area. It is important to 

exhaust the dust and heat away from the workers (past the workers in an independent airway) that 

are operating the machine in order to maintain a level of comfort for them.  

3.2.2 Gas Emissions 

The primary ventilation requirement underground is to remove or dilute the gas emissions 

produced by the diesel fleet. Diesel equipment is essential to efficient mining, but the combustion 

Mining 

Direction 

Mining 

Direction 

Mining 

Direction 
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of diesel can cause elevated levels of emission gases such as carbon monoxide (CO) and oxides 

of nitrogen (NOX, NO2). If insufficient ventilation exists and these gases are allowed to build up, 

contravention of the applicable laws (see Section 3.1) could occur.  

3.2.2.1 Diesel Emissions 

Diesel emissions can cause the potential for problems with human toxicity if proper ventilation is 

not maintained in the heading (De Souza, 2013c). Typical components of diesel exhaust can be 

seen in Table 2. These components are the result of incomplete combustion and can have negative 

health effects on humans if inhaled in significant quantities.  

Table 2 - Components of Diesel Exhaust 

 

(De Souza, 2013c) 

 

3.2.2.2 Diesel Fleet Information 

The diesel fleet at Rocanville consists of trucks, scoops, telehandlers, forklifts, and other 

equipment with a combined total engine power of 13,950 kW. The diesel fleet employed at 

Rocanville is listed in Appendix A. Direct application of the Mines Regulations dictates that a 

total of 739 m3/s of fresh air needs to be supplied to the underground workings. However, this 

amount of airflow is highly impractical, if not impossible to supply to the mine. Taking into 

consideration the availability and utilization rates of the individual pieces of equipment, the flow 

rate required is only 91 m3/s. However, this number is impractically low when leakage, localized 

network loading, and other factors such as heat and dust are considered.  An analysis of the diesel 

equipment utilized in each pass of typical mining, as well as development mining was completed 

Carbon Monoxide Hydrocarbons

Carbon Dioxide Aldehydes

Nitrogen Dioxide Carbon (smoke)

Oxides of Nitrogen Gases and Vapor

Sulfur Oxides  Trimaganese Tetroxide

Heavy fraction hydrocarbons Barium Salts
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to better estimate the actual airflow required at the face to remove gas emissions. The analysis 

explored three typical scenarios, and the results are presented in the subsequent sections. 

3.2.2.2.1 1st Pass Mining 

Regular production at Rocanville consists of two phases. First pass advance occurs when the 

mining machine advances into a dead-end heading while the extensible conveyor is built behind 

it. This ventilation scenario is presented in Figure 15 (overall panel) and Figure 16 (local to the 

mining machine). A line brattice is utilized to segregate the dead-end entry being driven into two 

parts. One side is used for fresh air and the other for exhaust air. The fresh air comes from the 

panel fresh air entry, up in front of the line brattice, is swept across the face, and is exhausted to 

the mainline exhaust entry behind the line brattice, where it leaves the panel and eventually 

reports to the exhaust shaft. 
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Figure 15 - First Pass Ventilation 
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Figure 16 - First Pass Ventilation Details 

First pass mining is moderately resource and manpower intensive, utilizing a scoop to locate 

extensible hardware behind the mining machine, and trucks for access by personnel and 

materials. The airflow volumetric rate required in the first pass at 100% utilization of the required 
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diesel equipment is 28.1 m3/s. When accounting for actual utilizations, the required airflow 

volumetric rate is only 3.71 m3/s. Details of this analysis can be seen in Appendix B, Table 31. 

3.2.2.2.2 Side Pass Mining 

The second phase of typical production at the Rocanville Mine consists of side pass mining. 

Typical side pass ventilation layouts are shown for the Panel in Figure 17 (second pass) and 

Figure 18 (third pass). For the second pass, fresh air for the mining machine comes out of the 

fresh air panel entry, and utilizes final production room and the end breakthrough of the panel to 

bring in the fresh air behind the mining machine. The air is then cascaded over the miner, 

sweeping the face, and then is exhausted to the mainline. Detailed second pass machine 

ventilation is shown in Figure 19. For the third pass, fresh air for the mining machine is brought 

in behind the mining machine similar to the first pass, but instead of exhausting behind the line 

brattice, the exhaust is sent down the room to the end breakthrough entry, and then back to the 

mainline via a previously completed production room. Details of third pass ventilation can be 

seen in Figure 20. 

Side pass mining is significantly less resource intensive than first pass mining, sometimes only 

requiring one operator to advance the machine. An analysis was completed on the diesel 

equipment required in side pass mining to determine ventilation requirements. With all of the 

equipment operating at 100% utilization, an airflow volumetric rate of 24.06 m3/s would be 

required. Accounting for actual utilization and availability of that equipment, only 3.50 m3/s 

would be required. Details of the analysis can be seen in Appendix B, Table 31.  
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Figure 17 - Second Pass Ventilation 
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Figure 18 - Third Pass Ventilation 
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Figure 19 - Second Pass Ventilation Details 
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Figure 20 - Third Pass Ventilation Details 

3.2.2.2.3 Development (Torkar and Loader) Mining 

‘Torkar and Loader’ mining is by far the most diesel intensive activity that takes place at the 

Rocanville Mine. Development mining utilizing Torkar ore haulers is required to establish 

production stubs in panels, end breakthroughs in development entries, and when specialty cutting 

is required for space for construction of infrastructure underground. It is a necessary part of the 

mining sequence at Rocanville, but not a constant occurrence at every face. To support this type 

of mining, an airflow volumetric rate of 52.38 m3/s is required to dilute the contaminants 
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produced at 100% utilization of all of the necessary equipment. Accounting for actual utilization 

of this equipment, an airflow volumetric rate of only  9.25 m3/s is required. Actual utilization was 

determined using recorded hours of operation for the specific pieces of equipment in a given 

calendar period. Details of the analysis can be seen in Appendix B, Table 31.  

3.2.3 Heat  

3.2.3.1 Regulations 

There are no applicable laws regarding the temperature of the work face in the Mines 

Regulations, but the Saskatchewan Occupational Health and Safety regulations do require 

adequate ventilation be maintained to keep employees at the work face safe and comfortable. 

Previous history at Rocanville will be used to estimate these ventilation requirements and ensure 

compliance with these regulations. 

3.2.3.2 Ambient Temperatures 

The dry bulb temperature of the airstream at the point of entry to a typical mining room ranges 

annually from 25 degrees Celsius to 31 degrees Celsius, depending on ambient temperatures on 

surface and performance of the natural gas heaters located at the top of the #2 Shaft. Appendix C 

presents the average weekly gas and temperature readings taken throughout the mine over the 

period of one calendar year. The annual average temperature of the airstream entering a room is 

26 degrees Celsius. Operational experience shows that this temperature is sufficient for efficient 

and productive mining. It is only by exception (poor ventilation management, usually local to a 

specific machine) where this temperature increases to the 31 degree Celsius scenario. 

3.2.4 Dust 

Mining at Rocanville produces airborne dusts due to the interaction between the mining machine 

and the rock being excavated (active cutting of the ore), but dust is also added to the airstream by 

aeration of the ore (such as that which occurs at transfer points from conveyor to conveyor), and 
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the dust that is stirred up mechanically by either high velocity airstreams or mobile equipment 

travelling over loose dust on the floor. This thesis section analyzes the ventilation requirements 

specific to the dust at Rocanville. 

3.2.4.1 Components 

Raw potash ore consists of the four elements shown in Table 3. 

Table 3- Bulk Ore Composition 

 

(Potash Corporation of Saskatchewan Inc., 2009) 

3.2.4.1.1 Inhalation Effects 

This section discusses the (very minute) health effects of inhaling the dust components of the ore. 

Inhalation of sylvite (potassium chloride) dust has not been found to produce any negative long-

term health effects, but in high enough concentrations, “exposure to high dust concentrations may 

cause irritation of mucous membranes (Potash Corporation of Saskatchewan Inc., 2014)” and 

potential irritation of the upper respiratory tract. Inhalation of high concentrations of airborne 

halite dust (Seabord International Forest Products, LLC, 2014), and carnallite (Yara Potash, 2014) 

can cause the same effect, with the remedy for impacted workers being removal from the 

airstream and retreating to fresh air. Regarding the insolubles, a recent study in a sister potash 

mine concluded “Potash [ore] dust does not have a significant concentration of toxic metals and 

the solubility of the dust also is very high” and “the finer dust particles in the particle size 

distribution, which have the potential to reach the deeper parts of the lungs,  [also] have the 

highest solubility…The potential to retain any residual airborne dust that is inhaled [that] has the 

Compnent Chemical Formula
Percentage of 
Composition

Sylvite KCl 35.64%
Halite NaCl 57.32%

Carnallite KMgCl3•6(H2O) 5.99%
Insolubles CaSO4, Fe, Alkali metals, etc… 1.05%
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potential to reach the thorax or the deeper parts of the respiratory system as a particulate matter 

in the respiratory tract is therefore very low (Atiemo, 2015).” To conclude, in order to maintain a 

safe and comfortable environment, ventilation at the face needs to be sufficient to sweep the dust 

away from the workers, and prevent inhalation as much as possible, but the inhalation of potash 

dust has not yet been linked to any chronic or long term negative health effects. 

3.3 Historical and Current Ventilation Practice at Rocanville 

3.3.1 Pre-Expansion Practice 

The pre-expansion ventilation system at Rocanville had four production mining machines in the 

face (one of the five was typically out of service for overhaul) receiving approximately one-

quarter of the volume entering the workings, and each mining machine was independently 

ventilated in parallel. The approximate total air volumetric flow rate through the mine was 142 

m3/s, so each circuit was designed to flow at a rate of approximately 35 m3/s, but this volume was 

never achieved at the actual mining face due to leakage and ancillary ventilation consumption. 

3.3.2 Through-Expansion Practice 

Through the process of expanding the mine, an additional seven mining machines have entered 

production prior to the completion of the #3 Shaft, and therefore the ability to maintain current 

practice of parallel ventilation has been temporarily lost. In order to maintain a sufficient volume 

for dilution of diesel fumes, and exhausting of heat and dust from the face, a switch from parallel 

ventilation to a zone-cascade (or series-parallel style) ventilation system was initiated. This 

change was instituted for two primary reasons. One was to increase face volumes at the machines 

and the second was to increase the residence time of the airstream in the mine to better utilize the 

available volume for diesel exhaust dilution. 
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3.3.2.1 Historical Data from Through-Expansion Period 

Rocanville Mine completes a ventilation survey of all of the active mining faces and work areas 

weekly, as per mines regulations (The Government of Saskatchewan, 2003). The data collected is 

placed into a database for reporting purposes and retaining and analyzing historical information. 

The current practice for data collection includes sampling airflow, dry and wet bulb temperatures, 

relative humidity, as well as the gas concentrations as regulated under Saskatchewan Mines 

Regulation 292.3. Table 4 shows the average values for each data set for the production mining 

faces during the one full calendar year. 

Table 4 – 2014 Average Weekly Readings at Rocanville Mining Machine Faces 

 

These readings are taken directly behind or in front of the mining machine in its active room, and 

all required ventilation controls are to be in place and fans on when the recordings are completed. 

The average air volume reaching a mining machine at Rocanville is 18.8 m3/s. The air has an 

average dry bulb temperature of 26 ᴼC, and has gas concentrations of 20.6% O2, 1.4% CO2, 

0.4ppm NO2, and 4.5ppm CO, which are all compliant with the Mines Regulations. Through the 

series (zone-cascade) ventilation period, there have been occasional issues with dust and heat at 

some of the down-stream mining machines in the circuit. There have also been occasional 

increases in gas concentrations (especially NO2), again towards the end of circuit, given the 

increased diesel consumption in the mine due to the construction activities going on. These have 

been managed and remedied by exception. 

 AIRFLOW

(m3/s)
Dry Bulb 

Temp. (ᴼC)
Wet Bulb 

Temp. (ᴼC)
O2

(%vol)
CO2 

(%vol)
NO2 

(ppm)
 CO 

(ppm)

18.8 26.4 16.8 20.6 1.4 0.4 4.5
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3.4 Critical Flow Recommendations 

Based on the above analyses the optimal design flow rate is estimated at 23.6 m3/s per mining 

machine. Past practice has shown that volumetric flow rates between 14.2 m3/s and 18.9 m3/s will 

sufficiently ventilate the mining face. The extra volumetric rate between 18.9 m3/s and 23.6 m3/s 

will account for losses and leakage in the local ventilation circuits near each mining machine.
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Chapter 4 

Ventilation Design 

4.1 Target Total Flow and Overhaul Rotation 

Chapter 3 concluded with a recommendation of airflow volume per mining machine. This chapter 

leverages this recommendation into the ventilation design for the whole mine. The recommended 

target airflow volumetric rate for each production mining machine is 23.6 m3/s. Therefore, with a 

fleet of eleven mining machines the total target for airflow rate through the Rocanville Mine 

should be 260 m3/s. However, this target can be reduced by the requirement for one machine due 

to the overhaul rotation of the production mining machines. Typically one machine is out of 

service for rebuild every year.  The target flow rate for the production mining machines at 

Rocanville can then be reduced to 236 m3/s, but this target does not account for consumption, 

losses and leakage in other parts of the ventilation circuit, nor is it correlated with shaft 

ventilation capacities. Airflow down the mine shaft should be maximized to provide surge 

capacity to the circuit, and provide available airflow volume to ventilate the auxiliary functions 

occurring within the mine; examples include belt maintenance and cleaning operations, mine 

construction and electrical activities, and rehabilitation mining of deteriorating workings. 

4.2 Mine Shafts 

The following is an analysis of the three shafts that are to be used for ventilation of the mine. This 

analysis was done to understand what the maximum capacity of each is. The shafts are the biggest 

limiting factor for ventilation to the workings. Since they also contain functioning conveyances, 

there are practical and safe limits on air quantity that need to be enforced for proper conveyance 

operation. 
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4.2.1 Scissors Creek - The #3 Shaft 

4.2.1.1 The #3 Shaft Characteristics and Operating Parameters 

The following is a presentation of the physical shaft geometry and operating conditions of the #3 

Shaft. Table 5 shows the shaft and conveyance characteristics for the #3 Shaft.  

Table 5 - The #3 Shaft Characteristics 

  

A summary of the liner wall details of the #3 Shaft is presented in Table 6. The #3 Shaft static 

inclusions considered in the shaft ventilation design are presented in Table 7.  

Table 6- The #3 Shaft Depth and Liner Details 

 

Shaft Diameter 6.00 m
Cross-sectional Area Available for Airflow 28.09 m2

Coefficient of Fill 41.41 %
Free Air Velocity 10.08 m/s
Shaft Airflow (collar) 283.14 m3/s
Conveyance Velocity 7.62 m/s
Maximum Relative Velocity 30.22 m/s

Layer From (m) To (m) Liner
Zone 1/2 - Glacial Till Zone Cretaceous Shale Zone 0.0 428.6 Concrete
Zone 3 - Blairmore Sand 428.6 597.0 Tubbing
Zone 3 - Blairmore Sand 597.0 784.5 Concrete
Zone 4 - Duperow 784.5 853.7 Tubbing
Zone 4 - Carbonate Zone 853.7 942.0 Concrete
Zone 4 - Souris River 942.0 979.6 Tubbing
Zone 5 Upper - Upper Prairie Evaporites 979.6 1060.0 3M Spray Liner



 

 

 

52

Table 7 - The #3 Shaft Inclusions 

 

 

4.2.1.2 Atkinson Resistance Pressure 

Atkinson resistance pressure generated by the shaft liner is calculated by Equation 6, considering 

liner material and removing the static inclusions from the area free for airflow. The result is 

shown in Table 8. 

4.2.1.3 Conveyance Stability and Resistance Pressure 

The coefficient of fill does not exceed the maximum recommended value of 50 % in a single 

conveyance shaft. The free air velocity falls below the maximum recommended guideline of 10 

m/s. The maximum relative velocity is 30.22 m/s, which just exceeds the maximum 

recommended guideline of 30 m/s in a shaft (De Souza, 2009). Based on the operational 

characteristics, the cage conveyance designed for the #3 Shaft should remain stable when tripping 

in the shaft. Conveyance resistance pressure is calculated using Equation 22, and the result is 

shown in Table 8. 

 

Inclusion Quantity (# of) Area (m2) Perimeter (m)
Cage 1 11.631 13.716
Counterweight 1 0.836 4.572
Cage Guide Ropes 4 0.006 0.559
CW Guide Ropes/Rub Ropes 4 0.006 0.559
Head Ropes 8 0.011 1.037
Tail Ropes 8 0.012 1.117
Mine Feeders (25kV) 6 0.083 2.507
Shaft Feeder (5kV) 1 0.008 0.314
Fiber Optic (6mm) 2 0.000 0.038
100 Pair Telephone Cable 1 0.000 0.019
5/8" Leaky Feeder 1 0.000 0.050
Spare Fiber Optic (6mm) 5 0.000 0.094
6" Contingency Water Line 2 0.044 1.052
4" De-Watering Line 1 0.012 0.381
2" Fresh Water Line 1 0.003 0.191
2" Drainage Line 1 0.003 0.191
TOTAL (INCLUSING CONVEYANCE) 12.656 26.396
TOTAL (EXCLUDING CONVEYANCE) 0.189 8.108
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4.2.1.4 Station Resistance Pressure 

Station resistance pressure is calculated using Equation 19, and the result is shown in Table 8. 

4.2.1.5 Total Resistance Pressure 

Total shaft resistance pressure is calculated by Equation 18, and a summary is shown in Table 8. 

Table 8 - The #3 Shaft Total Resistance Pressure Summary 

 

4.2.2 Rocanville - The #2 Shaft 

4.2.2.1 The #2 Shaft Characteristics and Operating Parameters 

The following is a presentation of the physical shaft geometry and operating conditions of the #2 

Shaft. Table 9 shows the shaft and conveyance characteristics for the #2 Shaft.  

Table 9 - The #2 Shaft Characteristics 

  

A summary of the liner wall of the #2 Shaft is presented in Table 10. Static inclusions in the shaft 

are presented in Table 11.  

Wall Resistance Pressure (R - WALL) 551.99 Pa
Station Resistance Pressure  (R - STATION) 249.09 Pa

Conveyance Resistance Pressure (R - CONVEYANCE) 293.94 Pa
Total Shaft Resistance Pressure (R - SHAFT) 1095.02 Pa

Shaft Diameter 4.88 m
Cross-sectional Area Available for Airflow 18.48 m2

Coefficient of Fill 24.92 %
Free Air Velocity 7.66 m/s
Shaft Airflow (collar) 141.57 m3/s
Conveyance Velocity 18.29 m/s
Maximum Relative Velocity 34.56 m/s
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Table 10- The #2 Shaft Depth and Liner Details 

 

Table 11 - The #2 Shaft Inclusions 

 

4.2.2.2 Atkinson Resistance Pressure 

Atkinson resistance pressure in the shaft is calculated by Equation 6, considering liner materials 

and removing the static inclusions from the area free for airflow. The result is shown in Table 12. 

4.2.2.3 Conveyance Stability and Resistance Pressure 

The coefficient of fill does not exceed the maximum recommended value of 30 % in a two or 

more conveyance shaft. The free air velocity falls below the maximum recommended guideline of 

10 m/s. The maximum relative velocity is calculated by Equation 23. The maximum relative 

Layer From (m) To (m) Liner
Glacial Till/Cretaceous Shales 0.0 351.1 Concrete
Blairmore Sand 351.1 479.5 Tubbing
Devonian Carbonate 479.5 518.2 Concrete
Devonian Carbonate 518.2 534.3 Tubbing
Devonian Carbonate 534.3 800.7 Concrete
Devonian Carbonate 800.7 821.1 Tubbing
Devonian Carbonate 821.1 839.4 Concrete
Devonian Carbonate 839.4 889.7 Tubbing
Devonian Carbonate 889.7 928.4 Concrete
Prairie Evaporite (Upper) 928.4 949.1 Concrete
Potash Station 949.1 958.6 Blockouts
Prairie Evaporite (Sump) 958.6 995.2 Concrete
*Depths are referenced from collar elevation

Inclusion Quantity (# of) Area (m2) Perimeter (m)
East Skip 1 4.604 8.620
West Skip 1 4.604 8.620
Guide Ropes 8 0.012 1.117
Rub Ropes 4 0.006 0.559
Head Ropes 8 0.009 0.958
Tail Ropes (flat) 8 0.037 2.912
Electrical Cables 6 0.083 2.507
6" Air Line 1 0.022 0.526
6" Water Line 1 0.022 0.526
2" Water Drain Lines 2 0.006 0.381
2" Fresh Water Line 1 0.003 0.191
TOTAL (INCLUSING SKIPS) 9.409 26.916
TOTAL (EXCLUDING SKIPS) 0.201 9.676
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velocity is 34.56 m/s which exceeds by 15% the maximum recommended guideline of 30 m/s in a 

shaft (De Souza, 2009). This may indicate that some conveyance instability could occur when the 

skips pass mid-shaft. However, the #1 Shaft has operated in this condition for a long time without 

issue prior to the ventilation expansion. Conveyance operation in the #2 Shaft will have to be 

monitored to ensure incident free operation when commissioning the new ventilation system in 

order to confirm that it operates in the same condition. Conveyance resistance pressure is 

calculated using Equation 22, and the result is shown in Table 12.  

4.2.2.4 Station Resistance Pressure 

Station resistance pressure is calculated using Equation 19, and the result is shown in Table 12. 

4.2.2.5 Total Resistance Pressure 

Total shaft resistance pressure is calculated by Equation 18, and a summary is shown in Table 12. 

Table 12 - The #2 Shaft Total Resistance Pressure Summary 

 

4.2.3 Rocanville - The #1 Shaft 

4.2.3.1 The #1 Shaft Characteristics and Operating Parameters 

The following is a presentation of the physical shaft geometry and operating conditions of the #1 

Shaft. Table 13 shows the shaft and conveyance characteristics for the #1 Shaft.  

Table 13 - The #1 Shaft Characteristics  

 

Wall Resistance Pressure (R - WALL) 407.92 Pa
Station Resistance Pressure  (R - STATION) 70.52 Pa

Conveyance Resistance Pressure (R - CONVEYANCE) 292.20 Pa
Total Shaft Resistance Pressure (R - SHAFT) 770.64 Pa

Shaft Diameter 4.88 m
Cross-sectional Area Available for Airflow 18.18 m2

Coefficient of Fill 22.47 %
Free Air Velocity 7.79 m/s
Shaft Airflow (collar) 141.57 m3/s
Conveyance Velocity 18.29 m/s
Maximum Relative Velocity 33.64 m/s
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 A summary of the liner wall of the #1 Shaft is presented in Table 14. Static inclusions in the 

shaft are presented in Table 15.  

Table 14- The #1 Shaft Depth and Liner Details 

 

Table 15 - The #1 Shaft Inclusions 

 

4.2.3.2 Atkinson Resistance Pressure 

Atkinson resistance pressure in the shaft is calculated by Equation 6, considering liner materials 

and removing the static inclusions from the area free for airflow. The result is shown in Table 16. 

4.2.3.3 Conveyance Stability and Resistance Pressure 

Table 13 shows the shaft and conveyance characteristics for the #1 Shaft. The coefficient of fill 

does not exceed the maximum recommended value of 30 % in a two or more conveyance shaft. 

Layer From (m) To (m) Liner
Glacial Till/Cretaceous Shales 0.0 349.0 Concrete
Blairmore Sand 349.0 468.5 Tubbing
Devonian Carbonate 468.5 700.7 Concrete
Devonian Carbonate 700.7 732.4 Tubbing
Devonian Carbonate 732.4 839.1 Concrete
Devonian Carbonate 839.1 890.6 Tubbing
Devonian Carbonate 890.6 929.7 Concrete
Prairie Evaporite (Upper) 929.7 949.2 Concrete
Potash Station 949.2 958.6 Station Steel
Prairie Evaporite (Sump) 958.6 995.2 Concrete

*Depths are referenced from collar elevation

Inclusion Quantity (# of) Area (m2) Perimeter (m)
East Skip 1 4.084 8.260
West Skip 1 4.084 8.260
Rigid Guides 4 0.132 1.701
Guide Frames 4 0.167 0.549
Guide Ropes 8 0.012 1.117
Rub Ropes 4 0.006 0.559
Head Ropes 8 0.009 0.958
Tail Ropes (flat) 8 0.037 2.912
Electrical Cables 6 0.083 2.507
6" Air Line 1 0.022 0.526
6" Water Line 1 0.022 0.526
2" Water Drain Lines 2 0.006 0.381
2" Fresh Water Line 1 0.003 0.191
TOTAL (INCLUSING SKIPS) 8.667 28.446
TOTAL (EXCLUDING SKIPS) 0.500 11.925
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The free air velocity falls below the maximum recommended guideline of 10 m/s. The maximum 

relative velocity is calculated by Equation 23. The maximum relative velocity is 33.64 m/s, which 

exceeds the maximum recommended guideline of 30 m/s in a shaft by 12% (De Souza, 2009). 

This may indicate that some conveyance instability could occur when the skips pass mid-shaft. 

However, this shaft has operated in this condition without issue prior to the ventilation expansion. 

Conveyance operation in the #1 Shaft should remain stable. Conveyance resistance is calculated 

using Equation 22, and the result is shown in Table 16.  

4.2.3.4 Station Resistance Pressure 

Station resistance pressure is calculated using Equation 19, and the result is shown in Table 16. 

4.2.3.5 Total Resistance Pressure 

Total shaft resistance pressure is calculated by Equation 18, and a summary is shown in Table 16. 

Table 16 - the #1 Shaft Total Resistance Pressure Summary 

 

4.2.4 Summary of Shaft Capacities 

Table 17 presents a summary of the shaft conditions, analyzing the four components that 

determine conveyance stability. Green shaded cells indicate a value less than the recommended 

guideline, orange shaded cells indicate a value slightly exceeding the recommended guideline, 

and red shaded cells indicate a value above the recommended guideline. At 283 m3/s, the #3 Shaft 

has reached its ventilation capacity given the operational characteristics of the cage and area in 

the shaft. Conveyance stability in the #1 and the #2 shafts at design hoisting speeds could present 

an issue given the relative maximum velocity falls above the recommended guideline. 

Wall Resistance Pressure (R - WALL) 460.71 Pa
Station Resistance Pressure  (R - STATION) 72.86 Pa

Conveyance Resistance Pressure (R - CONVEYANCE) 154.24 Pa
Total Shaft Resistance Pressure (R - SHAFT) 687.80 Pa
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Table 17 - Shaft Capacity Summary 

 

The #3 Shaft ventilation capacity is estimated to be maximized at 283 m3/s, and this is the value 

that will be targeted for induction into the mine for the remainder of the design.  

4.3 Surge Capacity, Losses, and Leakage – A New Target 

To meet the estimated mining machine requirements 236 m3/s of fresh air is needed. The shaft 

capacity is 283 m3/s. Density changes in the airstream due to the change in elevation from the top 

of the #3 Shaft to the bottom will reduce the flow rate in the shaft from 283 m3/s to 252 m3/s. This 

means that, of the available airflow, 93 % is required to maintain adequate airflow at the 

production faces. Auxiliary usage, leakage and losses through short circuiting to exhaust prior to 

the face can then only add up to 7 % of the available volume. This is a very low factor for leakage 

in a potash mine. Typical leakage and loss factors are in the 30-60% range for potash mines (De 

Souza, 2013d). Diligence will have to be exercised in maintaining ventilation controls and sealing 

doors to prevent unnecessary losses, and therefore ventilation shortages at the face. This means 

that the #3 Shaft ventilation capacity must be achieved to maximize airflow to the mine and 

ensure efficient operation of the mining fleet if Rocanville Mine is to restore parallel ventilation 

to each mining face. 

4.4 Main Fans (Surface Fans) 

The following is a presentation of the design factors and calculations used when completing the 

design of the main fans that are to be located atop the three shafts. 

Design Flow 
Rate

Free Area
Coefficient of 

Fill 
Free Air 
Velocity

Maximum 
Relative 
Velocity

Number of 
Conveyances

m3/s m2 % m/s m/s -

Shaft #3 283.14 28.09 41.41 10.08 30.22 1

Shaft #2 141.57 18.48 24.92 7.66 34.56 2

Shaft #1 141.57 18.18 22.47 7.79 33.64 2
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4.4.1 The #3 Shaft 

The #3 Shaft surface fans are designed to bring fresh air from atmosphere at surface, through the 

plenum, and into the top of the #3 Shaft. The air is to be heated (when needed) to maintain a shaft 

temperature of 16 °C, preventing contraction of the iron tubbing rings. The total flow through the 

system is designed at 307 m3/s. This will allow for the shaft capacity of 283 m3/s to be achieved 

at the top of the shaft heading down into the mine and allow for 24 m3/s of leakage up the shaft 

into the headframe. A static pressure of positive 87 Pa was assumed to be required at the shaft-

plenum intersection. This residual pressure is designed to positively pressurize the headframe 

with heated mine air (87 Pa was the average differential pressure sampled in the #1 Shaft 

Headframe during a two year sampling period between 2013 and 2014). 

The system design can be seen in Appendix D, Figure 30. For this system, the airflow must pass 

from atmosphere, through the heater house, fan assemblage, and then ductwork and plenum to the 

shaft intersection. The design calculations have accounted for each component’s contribution of 

pressure and/or resistance to the system. The system utilizes two fans (Alphair 10150-AMF-5000 

Half Bladed), placed horizontally, and operating in parallel. Each fan will be fitted with a 

variable-frequency drive (VFD) to allow for precise control of motor RPM and therefore pressure 

and volume. Table 18 presents the operating summary of the #3 Shaft surface fans.  The fan 

performance curve can be found in Appendix D, Figure 31.  

Table 18 - The #3 Shaft Surface Fans - Operating Summary 

 

 

Fan Assemblage Losses 75 Pa
Fan Static Pressure 572 Pa
Fan Velocity Pressure (including losses) 292 Pa
Fan Total Pressure 939 Pa

Individual Fan Flow 153 m
3
/s

Blade Setting 28 degrees
Efficiency 74 %
Brake HP 194 kW
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4.4.2 The #2 Shaft 

The #2 Shaft surface fans are designed to exhaust the mine air from underground, through the 

plenum to atmosphere. The total flow rate through the system is designed at 165 m3/s. This flow 

will consist of 127 m3/s reporting from the underground workings (up the shaft), and 24 m3/s of 

leakage through the headframe walls, entering the plenum through the sub-collar-headframe 

intersection.  A static pressure of negative 87 Pa was assumed to be required at the shaft-plenum 

intersection (87 Pa was the average differential pressure sampled in the #1 Shaft Headframe 

during a two year sampling period between 2013 and 2014). This residual pressure is designed to 

negatively pressurize the headframe, drawing air through the walls and roof, and past the dump 

points for the skips. This flow is designed to draw the dust out of the headframe through the 

plenum rather than have it enter the penthouse, possibly contaminating the hoist motor with 

potash dust, which is extremely corrosive.  

The system design can be seen in Appendix D, Figure 32. For this system, airflow will come from 

the shaft, and enter the plenum crossing two banks of teardrop silencers, and then enter the fan 

assemblage. A heavy focus was put on the silencing design for the fans on both the inlet and 

exhaust sides. The exhaust side is in close proximity to the office building and milling facilities at 

the Rocanville Mine. The inlet side silencers are designed to reduce noise in the shaft, facilitating 

better communication when performing in-shaft work and shaft inspections. After passing 

through the fans, the air stream will pass through dampers, duct work, an additional bank of tear 

drop silencers, and around an elbow into a three-sided open louver house. The louver house is 

designed to prevent potash dust fines from being exhausted towards the new mine dry and 

security building, as well as deflect sound away from areas where people are likely to be working. 

The design calculations have accounted for each components’ contribution of pressure and/or 

resistance to the system. The system utilizes two fans (Hurley HVT Type 2000 78-30-900 RPM 

Full Bladed), placed horizontally, and operating in parallel. Each fan will be fitted with a 

variable-frequency drive (VFD) to allow for precise control of motor RPM and therefore pressure 
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and volume. Table 19 presents the operating summary of the #2 Shaft surface fans.  The fan 

performance curve can be found in Appendix D, Figure 33.  

Table 19 - The #2 Shaft Surface Fans - Operating Summary 

 

4.4.3 The #1 Shaft 

The #1 Shaft surface fans are designed to exhaust the mine air from underground, through the 

plenum to atmosphere. The total flow rate through the system is designed at 165 m3/s. This flow 

rate will consist of 127 m3/s reporting from the underground workings (up the shaft), and 24 m3/s 

of leakage through the headframe walls, entering the plenum through the sub-collar-headframe 

intersection.  A static pressure of 87 Pa was assumed to be required at the shaft-plenum 

intersection (87 Pa was the average differential pressure sampled in the #1 Shaft Headframe 

during a two year sampling period between 2013 and 2014). This residual pressure is designed to 

negatively pressurize the headframe, drawing air through the walls, past the dump points for the 

skips. This flow is designed to draw the dust out of the headframe through the plenum rather than 

have it enter the penthouse, possibly contaminating the hoist motor with potash dust, which is 

extremely corrosive.  

The system design can be seen in Appendix D, Figure 34. For this system, airflow will come from 

the shaft, and enter the plenum. The plenum tunnel is a concrete duct that has been in place since 

the mine was constructed. At the end of the plenum, the airstream makes a 90 degree corner, and 

enters the fan assemblage. Once the air passes through the fans, it is exhausted to atmosphere. 

The design calculations have accounted for each components’ contribution of pressure and/or 

Fan Assemblage Losses 159 Pa
Fan Velocity Pressure (including losses) 259 Pa
Fan Static Pressure 379 Pa
Fan Total Pressure 797 Pa

Individual Fan Flow 83 m
3
/s

Blade Setting 21 degrees
Efficiency 76 %
Brake HP 87 kW
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resistance to the system. The system utilizes two fans (Hurley HVT Type 2000 78-30-900 RPM 

Full Bladed), placed vertically, and operating in parallel. In this case, one fan is fitted with a 

variable-frequency drive (VFD) to allow for precise control of motor RPM and therefore pressure 

and volume. The other fan is to attain VFD control at a later time. Table 20 presents the operating 

summary of the #2 Shaft surface fans.  The fan performance curve can be found in Appendix D, 

Figure 33.  

Table 20- The #1 Shaft Surface Fans - Operating Summary 

 

4.5 Booster Fans and Mine Resistance (Underground Fans) 

The following is a presentation of the design factors and calculations used when completing the 

design of the main booster fan systems that are to be located underground at each shaft. 

4.5.1 The #3 Shaft 

The fresh air booster fans located underground at the #3 Shaft are designed to draw air down the 

shaft and boost it into the mine workings. The system consists of four horizontally mounted vane-

axial fans operating in parallel sets of two. Two fans are located in a single bulkhead on one side 

of the shaft, and two fans are on the other side of the shaft. The system is designed to overcome 

the resistance of the #3 shaft, the fan assemblies, and approximately ½ of the estimated mine 

resistance. The design calculations have accounted for each component’s contribution of pressure 

and/or resistance to the system. The system utilizes four fans (Hurley HVT Type 2000 78-30-

1200 RPM Full Bladed), placed horizontally. The total flow rate through the system will be 252 

Fan Assemblage Losses 222 Pa
Fan Velocity Pressure (including losses) 310 Pa
Fan Static Pressure 353 Pa
Fan Total Pressure 885 Pa

Individual Fan Flow 83 m
3
/s

Blade Setting 23 degrees
Efficiency 76 %
Brake HP 108 kW
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m3/s out the bottom of the shaft (reduced from 283 m3/s at the top, due to auto-compression), 

equating to 63 m3/s per fan. Each fan will be fitted with a variable-frequency drive (VFD) to 

allow for precise control of motor RPM and therefore pressure and volume. Table 21 presents the 

operating summary of the #3 Shaft underground booster fans. The fan design can be seen in 

Appendix D, Figure 35. The fan performance curve can be found in Appendix D, Figure 36.  

Table 21 - The #3 Shaft Booster Fans – Operating Summary 

 

4.5.2 The #2 Shaft 

The new #2 Shaft underground exhaust booster fans are designed to draw air from the 

underground workings and boost it up the #2 Shaft into the sub-collar. The system consists of two 

horizontally mounted vane-axial fans (Hurley HVT Type 2000 78-30-1200 RPM Full Bladed), 

operating in parallel. The two fans are located in a single bulkhead near the shaft bottom. The 

system is designed to overcome the resistance of the #2 Shaft, the fan assemblies, and 

approximately ½ of the estimated mine resistance. The #2 Shaft is to operate in parallel with the 

#1 Shaft in exhaust duty. The design calculations have accounted for each component’s 

contribution of pressure and/or resistance to the system. The total flow rate through the system 

will be 126 m3/s entering the bottom of the shaft (increased to 165 m3/s at the top, due to auto-

compression effects), equating to 63 m3/s per fan. Each fan will be fitted with a variable-

frequency drive (VFD) to allow for precise control of motor RPM and therefore pressure and 

volume. Table 22 presents the operating summary of the #2 Shaft underground booster fans. The 

Fan Assemblage Losses 150 Pa
Fan Static Pressure (excluding fan losses) 1257 Pa
Fan Velocity Pressure (including losses) 131 Pa
Fan Total Pressure 1537 Pa

Individual Fan Flow 63 m
3
/s

Blade Setting 12 degrees
Efficiency 77 %
Brake HP 130 kW
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fan design can be seen in Appendix D, Figure 35. The fan performance curve can be found in 

Appendix D, Figure 36. 

Table 22 - The #2 Shaft Booster Fans - Operating Summary 

 

4.5.3 The #1 Shaft 

The new  #1 Shaft underground exhaust booster fans are designed to draw air from the 

underground workings and boost it up the #1 Shaft into the sub-collar. The system consists of two 

horizontally mounted vane-axial fans (Hurley HVT Type 2000 78-30-1200 RPM Full Bladed), 

operating in parallel. The two fans are located in a single bulkhead near the shaft bottom. The 

system is designed to overcome the resistance of the #1 Shaft, the fan assemblies, and 

approximately ½ of the estimated mine resistance. The #1 Shaft is to operate in parallel with the 

#2 Shaft in exhaust duty. The design calculations have accounted for each component’s 

contribution of pressure and/or resistance to the system. The total flow rate through the system 

will be 126 m3/s entering the bottom of the shaft (increased to 165 m3/s at the top, due to auto-

compression effects), equating to 63 m3/s per fan. Each fan will be fitted with a variable-

frequency drive (VFD) to allow for precise control of motor RPM and therefore pressure and 

volume. Table 23 presents the operating summary of the #1 Shaft underground booster fans.  The 

fan design can be seen in Appendix D, Figure 35. The fan performance curve can be found in 

Appendix D, Figure 36. 

Fan Assemblage Losses 178 Pa
Fan Static Pressure (excluding fan losses) 933 Pa
Fan Velocity Pressure (including losses) 132 Pa
Fan Total Pressure 1242 Pa

Individual Fan Flow 63 m
3
/s

Blade Setting 11 degrees
Efficiency 76 %
Brake HP 108 kW
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Table 23 - The #1 Shaft Booster Fans - Operating Summary 

 

4.6 Overall Design Summary 

Figure 21 is a presentation of a simplified mine schematic including the shafts and main fan 

installations on surface and underground. Table 24 presents the calculated design data at each of 

the referenced locations including airflows into or out of each shaft (top and bottom), and the 

flows for each fan (and operating pressures) expected at each main fan installation. 

 

Figure 21 - Overall System Summary 

Fan Assemblage Losses 178 Pa
Fan Static Pressure (excluding fan losses) 850 Pa
Fan Velocity Pressure (including losses) 132 Pa
Fan Total Pressure 1159 Pa

Individual Fan Flow 63 m
3
/s

Blade Setting 9 degrees
Efficiency 76 %
Brake HP 97 kW
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Table 24- Ventilation Design - System Summary 

 

4.7 Verification of Design by Computer Modeling 

In order to verify the calculations and assumptions made during the design process, a computer-

based ventilation modeling program was utilized. A model of the mine ventilation circuit was 

generated in VentSim using the as-built mine plan to build the drifts, and the calculated 

resistances for the shafts and plenums from the design were added as appropriate (VentSim, 

2015). 

4.7.1 VentSim Operating Description 

VentSim is a ventilation modeling program that takes user input properties for the plenums, drifts, 

and shafts that make up the ventilation network and visually displays them in a three-dimensional 

computer environment. The drifts are called ‘branches’ in VentSim, and can be attributed with 

their dimensional heights, widths, lengths, shapes, areas, and resistance factors. Users of VentSim 

Airway or Individual 
Fan Volume (m3/s)

Fan Total 
Pressure (Pa)

F1 - Shaft #3 - Surface (In) 153 939
A3 - Shaft #3 (Headframe) 24 -
A3 - Shaft #3 (Subcollar) 283 -
A3 - Shaft #3 (Potash Station) 252 -
F2 - Shaft #3 - Underground 63 1537
F3 - Shaft #2 - Underground 63 1242
F5 - Shaft #1 - Underground 63 1159
A1 - Shaft #1 (Potash Station) 127 -
A1 - Shaft #1 (Subcollar) 142 -
A1 - Shaft #1 (Headframe) 24 -
F4 - Shaft #1 - Surface (Out) 83 885
A2 - Shaft #2 (Potash Station) 127 -
A2 - Shaft #2 (Subcollar) 142 -
A2 - Shaft #2 (Headframe) 24 -
F6 - Shaft #2 - Surface Fans (Out) 83 797

Ventilation Design - System Summary
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can also introduce fans into the ventilation network at various locations; fans can be adjusted for 

various curves (blade settings) and the fan RPMs can be adjusted to simulate VFD operation on 

the motor. By way of these inputs, the program utilizes the ventilation principles for Kirchhoff’s 

Laws and Atkinson resistance (refer to Section 2.1.2.4.1) and a Hardy-Cross algorithm (Cross, 

1936) to solve for flows and pressures in these branches. The flows and pressures are then 

displayed visually on the 3D model. The model can then be used to verify design calculations for 

planned ventilation networks, or validate installations for existing mines. Other features include 

financial costing (power costs) simulation and contaminant and smoke spread simulation.  As 

well, thermodynamic, airflow recirculation, and network-upset conditions can also be simulated 

in the program. 

4.7.2 Rocanville Mine Model Development 

In the case of the Rocanville Mine, the network of plenums, shafts, and drifts was constructed in 

VentSim. Each branch was attributed with the appropriate shape, area, length, resistance factor or 

appropriate branch restriction (as outlined earlier in Chapter 4), and connected to its neighboring 

branches. In VentSim, these intersections are called ‘nodes’. Ventilation controls like brattices 

and bulkheads (ventilation stoppings), fresh air underpasses, exhaust overpasses, and airlock 

doors were inserted into the model as well to more accurately represent the mine and model flow 

distributions occurring in the mine. The main mine fans were also installed in the model as 

appropriate. Details of these model inputs can be seen in the subsequent sections. The model was 

used to confirm design calculations for the main fan specifications as well as the estimate used in 

the calculations for the value of the mine resistance.  

4.7.2.1 Properties of Shafts and Plenums 

The shafts and plenums were dimensioned to accurately represent their physical lengths, widths, 

and heights as dictated by physical surveys or design drawings for components not yet 

constructed, however the resistance for all three shafts and plenums was manually imposed on 
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each branch based on the design calculations. This was done because of the difficulty in modeling 

the fine details of plenum, conveyances, and stations in VentSim.  

4.7.2.2 Properties of Drifts 

Drifts in the potash mine model were dimensioned to accurately represent their physical lengths, 

widths, and heights as dictated by physical surveys. The drifts in VentSim were drawn using 

survey data collected and installed on the as-built mine plan. Drifts in-mine were dimensioned 

based on the number of pass-widths, as detailed in Section 3.2.1. As well, special areas like the 

shaft cross-cuts were custom dimensioned to their actual cut dimensions. The Atkinson resistance 

factor, as discussed in Section 2.1.2.4.1, was set to a value of 0.0056 N.s2/m4 for all the potash 

drifts based on experience at the mine. This value is in line with published values of k for potash 

mines (De Souza, 2013e). 

4.7.2.3 Properties of Fans 

VentSim allows for the simulation of ventilation networks utilizing fans by way of user input fan 

curves. Once these curves are input to the program, a large database of different fans, or similar 

fans at different blade settings becomes available to do testing and optimization. The user can 

forecast how the network will respond to perhaps a non-ideal, but available blade setting (i.e. 

without adjusting the rotor shipped from the manufacturer, how will the network function), or use 

a built-in optimization feature to achieve a desired pressure or flow utilizing the database to 

determine the best installation available for said location. Both the ‘pre-‘ and ‘post-‘ expansion 

mine fans were installed in the model using the appropriate fan operation curves provided by the 

manufacturers. Figure 22 provides a visual example of a fan curve installation into VentSim. The 

figure shows the installation of a main fan underground at the #3 Shaft. Exemplified is the fan 

input screen (left hand side window), the 3D model representation of the shaft bottom area, and 

the fan operating status (right hand side window) showing the estimated fan duty point, airflow 

quantity, consumed power, and annualized electrical cost. Larger versions of these side windows 
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are provided in Figure 23 and Figure 24. The manufacturer-provided fan curves for all of the fan 

installations are available for reference in Appendix D. 

 

 

Figure 22 - VentSim Representation of the #3 Shaft Underground Fan Installation 
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Figure 23 - VentSim Fan Input Screen 
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Figure 24 - VentSim Drift and Fan Status Screen 
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4.7.3 Mine Modeling Statistics and Simulation Results 

The completed VentSim model for the Rocanville Mine represents the three headframes, 

plenums, shafts, and relevant drifts underground quite well. The VentSim network consists of 562 

branches, and the fourteen post-expansion main fan installations are represented as well. Table 25 

presents the comparison of various flows and pressures at the areas labeled in Figure 21 

compared to the design calculations presented earlier in this Chapter. 

Table 25 - Verification of Design Compared to VentSim 

 

Overall, there is very little discrepancy between the design calculations and the results obtained 

after using VentSim. Most of the predicted flow volumes match reasonably well, with some slight 

variation in the VentSim modeled operating points for the fan installations. The only comparisons 

with error outside of a reasonable range (10% or less) are flows and pressures in the fans 

underground and on surface at the #1 Shaft.  The installation underground at the #1 Shaft was 

calculated to operate at higher flow and lower pressure than VentSim is predicting. As a result, 

the fans on surface at the #1 Shaft are modeled to run at a lower pressure since more boost is 

being provided by the underground fans. Since all of the fan installations will have volume 

control provided by way of VFD, it is expected that a balance can be created by varying fan speed 

setpoints to achieve the flow distributions required in the #1 and the #2 Shafts (and their 

Calculated 
Value

VentSim 
Model Error

Calculated 
Value

VentSim 
Model Error

F1 - Shaft #3 - Surface (In) 153 144 -6.0% 939 1044 10.0%
A3 - Shaft #3 (Headframe) 24 24 0.0%
A3 - Shaft #3 (Subcollar) 283 270 -4.8%
A3 - Shaft #3 (Potash Station) 252 239 -5.5%
F2 - Shaft #3 - Underground 63 59 -6.7% 1537 1532 -0.3%
F3 - Shaft #2 - Underground 63 63 -1.1% 1242 1270 2.2%
F5 - Shaft #1 - Underground 63 57 -11.4% 1159 1263 8.2%
A1 - Shaft #1 (Potash Station) 127 121 -4.9%
A1 - Shaft #1 (Subcollar) 142 126 -12.4%
A1 - Shaft #1 (Headframe) 24 24 0.0%
F4 - Shaft #1 - Surface (Out) 83 75 -9.6% 885 772 -14.6%
A2 - Shaft #2 (Potash Station) 127 135 6.2%
A2 - Shaft #2 (Subcollar) 142 143 1.3%
A2 - Shaft #2 (Headframe) 24 24 0.0%
F6 - Shaft #2 - Surface Fans (Out) 83 81 -2.0% 797 866 8.0%

Airway or Individual Fan Flow Rate (m3/s) Fan Total Pressure (Pa)

Fan Comparison Theoretical vs. Ventsim Model
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respective headframes). Having this comparison match so closely, the model verifies that the 

calculations and assumptions used in the design process are reasonable; specifically, the 

assumption for the value of mine resistance is now confirmed. 

4.8 Ventilation Design Summary and Conclusions 

The overall ventilation system is designed to effectively ventilate each of the ten active 

production mining faces, allow for fresh air consumption by other users of the airstream (mining 

support functions), and also allow for some losses due to leakage and auxiliary ventilation 

requirements in non-production headings. The ventilation system has been designed to match 

shaft airflow to capacity, providing maximum ventilation to the mine. The system utilizes 

fourteen vane axial fans, consuming 1711 kW of energy. An operating summary of the system 

can be seen in Table 26. 

Table 26 - Overall System Summary 

 

4.8.1 A Note on Hardware Commonality 

Although the primary objective for this ventilation design was to obtain the required airflow for 

safe and efficient potash extraction to occur, a subsidiary objective was to utilize similar 

components where available to minimize the list of required spare parts and reduce downtime due 

to commonality between installations. The new fans located on surface at the #2 Shaft are the 

same fans (shell size, rotor, and motor) as the fans that exist atop the #1 Shaft (pre-expansion), 

which are not being changed. As well, all of the underground installations (the #1, the #2, and the 

#3 Surface Fans 2 283 142 939 194 388
#3 Underground Booster Fans 4 252 63 1537 130 522
#2 Underground Booster Fans 2 127 63 1242 108 216
#1 Underground Booster Fans 2 127 63 1159 97 194

#2 Surface Fans 2 165 83 797 87 174
#1 Surface Fans 2 165 83 885 108 216

TOTAL 14 283 - - - 1711

Total Power 
(kW)

Number of 
Fans

Fan System 
Flow Rate  

(m3/s)

Flow Rate / 
Fan  (m3/s)

Total Pressure 
(Pa)

Power/Fan 
(kW)
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#3 Shaft underground boosters) all utilize the same fans, with the only variance between them 

being optimal blade angle. This commonality will allow the Rocanville Mine to maintain a 

minimal list of spare parts in case of fan component failure, minimizing the impact of a downed 

fan on ventilation, and therefore on safe production. 
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Chapter 5 

A Phased Transition 

5.1 Conversion Methodology 

During the entire mine expansion, Rocanville has been required to maintain a consistent supply of 

potash production. In order to meet regulatory ventilation requirements for production and 

facilitate simultaneous mine construction, a phased implementation program was planned to bring 

the various system components online without major disruptions to mine operations. The 

transition phases were planned to work in conjunction with mine production downtime, and 

compliment other ‘expansion’ related construction activities. These phases are presented in the 

subsequent sections. 

5.2 Phased Transition 

5.2.1 Phase I – Pre-Breakthrough Readiness 

Throughout this phase, the #3 Shaft has not yet broken through to the mine workings and is 

therefore not available for ventilation purposes. At the Rocanville Mine site, the two original 

shafts are still in operation in their original configurations. The #2 Shaft is ventilating 142 m3/s 

fresh air down into the mine, and the #1 Shaft is exhausting air from the mine. The focus during 

this portion of the phased transition is to make ready as much of the post-the #3 Shaft 

breakthrough infrastructure as possible. Details of the required operational changes and 

component installations are presented in the following sections. 

5.2.1.1 Operational Changes 

The mining machine fleet expansion was completed in late 2014, prior to the completion of the 

#3 Shaft. In order to facilitate an increased number of mining machines, zone cascade (series-

parallel) ventilation was established to increase air volumes in the areas of the mine with heavy 
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construction going on. This change was adopted, along with several necessary network 

adjustments in preparation for shaft breakthrough and the reversal of airflow in the fresh-air 

entries of the expanded mine.  

5.2.1.2 Installations and Commissioning 

The #3 and the #1 Shaft underground booster fans were installed and commissioned prior to the 

#3 Shaft breakthrough. The new the #2 Shaft underground booster fans and the #3 Shaft surface 

fans were also installed, but not commissioned at that time. The #1 Shaft underground booster 

fans were made fully operational prior to breakthrough of the #3 Shaft, replacing the old (and 

undersized) fans that had been in operation for many years. Operationally, the #1 Shaft was not to 

change in airflow volume or operating characteristics, and was able to be used as a testing ground 

for commissioning the first set of the new fans, confirming their operational characteristics. 

5.2.1.3 The #3 Shaft Area 

To facilitate breakthrough of the #3 Shaft from surface into the potash station, the permanent 

airlock doors were installed and made operational in the drifts serving as primary access to the 

potash station area. In conjunction, the backdraft dampers were installed on the booster fan 

assemblies at the #3 Shaft bottom. These controls were utilized to airlock the shaft bottom area 

immediately after breakthrough. The purpose of installing the doors and dampers prior to 

breakthrough was to ensure that airflow to (or from) the area could be regulated and controlled. 

With the airlocks established, the #3 Shaft ventilation system could be made operational 

underground once breakthrough was established, and the fan operating pressure increased (by 

way of increasing the frequency on the VFD drives) to overcome the natural ventilation pressure 

of the mine, resistance of the shaft, and then ventilate fresh air into the mine using the #3 Shaft. 

Should final construction or commissioning activities call for limited ventilation through the 

shaft, the system could be dialed down because of the VFD drives, or stopped entirely by turning 

off the fans. 
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5.2.2 Phase II – Breakthrough of Scissors Creek Shaft 

In order to start the transition process for the fresh air circuit, airflow volume supply through the 

#3 Shaft will be slowly increased as the shaft becomes available (working in conjunction with 

construction activities within the shaft). Congruently, supply from the #2 Shaft is to be slowly 

reduced by using the VFD controls that exist on the existing fan systems. The end goal for this 

phase is to supply up to 71 m3/s to the mine from the #3 Shaft, and reduce supply from the #2 

Shaft by a similar volume (one quarter of the final system capacity). The #1 Shaft will still be the 

only exhaust shaft, with an airflow rate of 142 m3/s. 

5.2.3 Phase III – Full Transition of Fresh Air 

The duty of servicing the mine with personnel and materials is planned to transfer to the #3 Shaft 

as soon as the #3 Shaft hoist is ready (late 2015). When this happens, fresh air supply at the #2 

Shaft is to cease, and airflow volumetric flow rate at the #3 Shaft increased (using VFD control) 

an additional 71 m3/s, to the original system capacity of 142 m3/s (one half of the full system 

capacity). As the start of this phase, the #2 Shaft is bulk-headed on the top and bottom to facilitate 

work replacing the headframe and hoist system on top, and the tie-in of the skip loadout system at 

the bottom. During this phase the current fresh air fans and plenum atop the #2 Shaft will be 

removed and replaced with the new system, and the #2 Shaft underground booster fans will be 

made available to operate (commissioned) for when they are needed. The #1 Shaft will still be the 

only exhaust shaft, with an airflow rate of 142 m3/s. 

5.2.4 Phase IV – Ramp-Up to Full Capacity 

When the mechanical conversion of the #2 Shaft into a production shaft is complete, the 

bulkheads will be removed in the #2 Shaft, and the ventilation system ramp-up is to begin. The 

supply of fresh air at the #3 Shaft will be increased, and the additional volume taken by the new 

underground and surface booster fans at the #2 Shaft. The #1 Shaft will still be exhausting 142 
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m3/s, and the #2 Shaft will be (eventually) doing the same. The goal for this phase is to ramp up 

the ventilation system to the full design capacity of 283 m3/s. 

5.2.5 Phase V – Final Commissioning and Optimization 

Once the main flows have been established and the design capacity realized, the optimization of 

the entire system is to happen. The system is to be tested by manipulating the variable-frequency 

drives, and the effects on volume and pressure catalogued. Based on operating characteristics of 

the fans, the rotors will be set at the appropriate angles to ensure the fans are operating at peak 

efficiencies. Further testing and effects from other inputs, like ambient surface conditions and 

changes in the underground circuit, are to be captured and used to build an automated control 

narrative for the main fans, having the system react automatically to various scenarios that may 

exist by way of PLC control. 

5.2.6 Summary 

This chapter has presented the detailed planning and processes required to transfer responsibility 

for mine ventilation from the old system to the new system. The phases have been designed to 

meet regulatory ventilation requirements for production and simultaneous mine construction at 

Rocanville. The phases have also been planned to prevent the mine from having to incur major 

disruptions to mine operations due to ventilation inconsistencies. Mid-mine circuit modifications 

will be required throughout each phase, but cannot be fully detailed due to uncertainty in the 

production ventilation requirements at the time the actual phase is to occur.  
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Chapter 6 

Verification of Design 

This chapter presents the process that was used to verify the design calculations presented in 

Chapter 4 as well as the validity of the planned implementation system presented in Chapter 5.    

6.1 Verification of Design by Correlation with Ventilation Model and Field Data 

The soundness of the design was verified through checking field data against predictions from the 

computer model. Since the computer model correlated well with the design calculations (as 

discussed in Section 4.7), several case studies were completed whereby infield measurements 

were taken in the mine and compared to airflow simulations run in the ventilation model. Airflow 

volumes and fan operating points were compared, checking for validity in the modeling, and 

therefore ventilation design process through the various phases of system implementation. 

6.1.1 Case I – Scissors Creek Breakthrough 

In order to predict the reaction of the mine ventilation network immediately after the Scissors #3 

Shaft was connected to the mine, a model was developed in VentSim for the current mine. In 

order to complete this, the model discussed in Chapter 4 was adjusted to account for the fact that 

the #2 Shaft remained as a service shaft, as was adjusted to include the existing #2 Shaft and 

plenum resistances (De Souza, 2010a), and the underground circuit was modified to reflect the 

ventilation controls in place at the time that breakthrough occurred. The existing surface and 

underground fan installations at the #2 Shaft were placed in the model, and set to run as they were 

configured at the time of the #3 Shaft breakthrough. This model was then calibrated with, and 

validated by field data collected in the mine. Table 27 presents the ‘pre-breakthrough’ 

comparisons completed between the field data and the VentSim model prediction for the pre-

breakthrough conditions. A percent difference between the model and the observed field data of  

between 2 % and 4 % was realized. The percent difference is calculated as shown in Equation 24. 
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Equation 24 %	 = 1 − ( 	 	 ) *100 

The #3 Shaft was also connected to the mine in the model, and then blocked at the shaft bottom to 

restrict airflow through the shaft either direction. Table 27 is also a presentation of the modeling 

results versus the actual field survey data for this case study. The shaft was then connected to the 

mine (both in the field and in the model). The model predicted what actually happened in the field 

extremely well, there was very little difference between the field data and the VentSim 

predictions. Modeling predicted the mine ventilation would naturally upcast into and exhaust out 

of the #3 Shaft, which makes sense given the low-resistance of the shaft compared to the lengthy 

route back to the #1 Shaft fans. The difference in the #3 Shaft upcast flow rate was only 2 m3/s 

(6%). Control over the ventilation in the #3 Shaft area was to be quickly re-established to retain 

effective mine ventilation after the #3 Shaft breakthrough. As a result, only one field survey 

collection dataset was used in comparison to the ventilation model, but it again correlated 

extremely well. 

Table 27- Case I - Scissors Creek Shaft Breakthrough 

 

6.1.2 Case II – Scissors Creek Underground Fan Commissioning 

Ventilation control was regained over the upcasting the #3 Shaft by closing the airlock doors into 

the area and backdraft dampers installed on the #3 Shaft underground booster fans, officially 

starting Phase II of the ventilation transition plan discussed in Section 5.2.2. Step 1 in this phase 

was to utilize the underground booster fans at the #3 Shaft to downcast fresh air into the mine. A 

single fan was turned on and the speed was adjusted by way of the VFD (and therefore volume 

downcast) to suit the mine operations needs. Due to operational constraints at the #1 Shaft (a risk 

Field (m3/s) VentSim (m3/s) % Difference Field (m3/s) VentSim (m3/s) % Difference
#1 Shaft (Upcast) 112 110 -2% 102 103 0%

#2 Shaft (Downcast) 106 110 4% 127 129 1%
#3 Shaft (Upcast) - - - 24 26 6%

CASE I - SHAFT BREAKTHROUGH ANALYSIS
PRE-BREAKTHROUGH POST-BREAKTHROUGH
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of skip collision due to over-volume in the shaft) and the #2 Shaft (personnel working in the 

shops at shaft bottom, as well as it still acting as a service shaft), a full stop of ventilation down 

casting at the #2 shaft could not be done, and so only partial system capacity could be tested 

versus the model. A model was constructed in VentSim using the appropriate mine fans and 

resistance values for the #2 Shaft infrastructure as a service shaft. The appropriate underground 

circuit modifications were completed in VentSim to replicate the in-field status of the workings. 

A single fan underground at the #3 Shaft was set to 80% speed in the model and on the VFD in 

the field. Several surveys were completed to analyze the main mine fresh and exhaust air, 

downcast volume at the #3 Shaft, and drift flow rates in the potash station area at the #3 Shaft. 

Figure 25 presents an overview of the underground circuit that was analyzed versus the model, 

including the airflow directions, pertinent network information, and survey locations. When doing 

the comparisons to the modeled volumetric flow rates, actual flow rates were input into VentSim 

for the S-M-1 drift (refer to Figure 25, this is the name of the drift) and the sump ramp stations 

simulating the permitted leakage (and highly variable resistance) at these locations, and the 

remainder of the model was then simulated. The resistance in the #3 Shaft was then varied in the 

model from the ‘as designed’ calculation done in Chapter 4 to achieve the S-M-3 (Fan Inlet) 

(refer to Figure 25, this is the name of the drift) measurement taken in the field. This was done to 

analyze the difference in resistance between the shaft in its current state (mid construction, with 

no conveyance, no utilities, and no station steel, but with a large Galloway work platform in place 

mid shaft). Changes proved essentially non-consequential to the model results, but did confirm 

that the shaft resistance was just slightly higher in its current state than was calculated to be post 

completion.  
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Figure 25 - Case II Underground Circuit 

Table 28 presents the comparison between the model and the field airflow rate measurements, 

including the volumes that the model predicted for the various survey stations, as well as the fan 

operating point at the #3 Shaft bottom. The model again correlated well with the field 

measurements, with the exception of the #2 Shaft downcast air volume which continually 

measured higher in the field versus what the model predicted. Given the location at which these 
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readings are taken, some skew may exist in the data due to traffic, altered controls (nearby control 

doors opening and closing, significantly changing mine resistance at the time of the survey), and 

leakage and recirculation across several old sets of doors and bulkheads in the higher pressure 

areas adjacent to the fans (these locations are not operationally worth repairing at this point in 

time, since the move to Scissors Creek is impending and long term they will not be required). 

Table 28 - Case II - Commissioning the #3 Shaft Underground Fans 

 

6.1.3 Case III – Scissors Creek Surface Fan Commissioning 

Additional testing and confirmation of the design was completed when the #3 Shaft surface fans 

became available for commissioning. The circuit that was modeled in VentSim and surveyed in 

the field was identical to the circuit presented in Figure 25, only with the addition of the surface 

fans running at various speeds. Four different tests were completed in the field as well as being 

modeled in VentSim. Prior to starting the testing, a field survey was completed to ensure that 

controls were in place underground and to confirm the downcast volume entering the #3 Shaft 

headframe through the headframe door. At the time of testing, the headframe doors at the #3 

Shaft were both blocked open due to construction activities in the shaft. As a result, the surface 

fan circuit was not seen as equivalent to what it would be in normal operating conditions, and 

differential pressure across the fan was not collected.  Four independent tests were completed. 

Test 1 began once the underground circuit was verified, running the surface fans at the minimum 

allowable speed (15% of the full RPM) provided by the manufacturer, with the underground fans 

Flow Rate 
(m3/s)

Pressure (Pa)
Flow Rate 

(m3/s)
Pressure (Pa)

Flow Rate 
(m3/s)

Pressure (Pa)

S-M-1 14.8 - 14.9 - 1% -
S-M-3 (After Ramp) 29.6 - 29.2 - -1% -
Ramp/Lower Shaft 22.6 - 22.7 - 0% -

S-M-3 (Fan Inlet) 51.5 864.8 54.5 880.1 5% 2%
#3 Shaft Downcast 15.1 - 16.7 - 9% -
#2 Shaft Downcast 128.3 - 109.0 - -18% -

Main Exhaust 110.7 - 114.2 - 3% -

Field Survey Average VentSim Model Average % Difference
CASE II - SCISSORS CREEK UG FAN ANALYSIS
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remaining set at 80% RPM. Survey data was collected and compared to the model with fans set at 

the same RPM. The model was updated with actual flow volumes for the #3 Shaft headframe 

based on the balance between the surveyed downcast and surface fan volumes. As well, the 

model was updated with the values for S-M-1 and the sump ramp recirculation loop as in Case II. 

Test 2 had the surface fan speed increased to 22%, with all other variables remaining the same. 

No downcast flow increase was seen underground, so the underground fan was sped up to 90% 

RPM in Test 3. Test 4 was a re-verification of Test 3 at a later time. The results of this 

(commissioning process) field survey and the associated model comparison can be seen in Table 

29.  

Table 29 - Case III the #3 Shaft Surface Fans Reconciliation 

 

Again, the VentSim model correlated very well with the field survey data collected. The only 

major discrepancy that was common to all of the testing was the total downcast volume in the #2 

Shaft and the combination of the #2 and #3 Shafts reconciling with the #1 Shaft exhaust survey. 

After further investigation this error was likely caused by several ventilation control doors 

leaking along the circuit in the #2 Shaft area, lowering mine resistance slightly, and allowing 

more air to come into the mine, but bypass the #1 Shaft survey location.  

6.2 Verification Summary 

The three separate case studies presented in this chapter have shown that actual in-mine surveys 

of the new fan installations at Rocanville correlate very well to the ventilation model developed 

in VentSim. Therefore, since the VentSim model used for these comparisons was constructed 

Field VentSim Field VentSim Field VentSim Field VentSim
#2 Shaft (Downcast) 120 102 120 103 120 102 120 126
#1 Shaft (Upcast) 111 124 111 131 114 134 114 103
S-M-1 14 14 14 14 13 13 13 13
S-M-3 (Fan Inlet) 55 56 55 56 65 66 61 59
S-M-3 (Mine) 36 36 35 37 44 45 36 37
Sump Ramp 20 20 20 20 21 21 21 21
#3 Shaft (Downcast) 23 22 21 23 31 32 22 23
#3 Shaft Surface Fans 33 32 50 51 50 50 40 41
#3 Headframe 10 10 28 28 18 18 18 18 0%

0%
1%
2%
0%
3%
1%

Test 4 (m3/s)

CASE III - FLOW RECONCILIATION ANALYSIS

Average % Difference

-12%
7%

Test 1 (m3/s) Test 2 (m3/s) Test 3 (m3/s)
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using the design calculation results presented in Chapter 4, it can be inferred that the design 

calculations are correct to a sufficient degree of accuracy for the system to operate as designed 

when the mine expansion and full system implementation is complete.  
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Chapter 7 

System Optimization 

This chapter will discuss the non-routine engineering considerations, innovations, and 

optimization work done through the design and construction process for the ventilation system. 

The work presented is not a part of the ventilation design process to attain designed airflows at 

the headings, but was completed to help the system operate in conjunction with other mining 

support activities as efficiently and effectively as possible. 

7.1 The #3 Shaft Cage Design 

The original cage design from the Rocanville Mine included two fully enclosed sides running 

from the bottom of the cage right to the top of the bale, which was a solid deck. Shaft inspections 

took place on top of the deck by installing an overhead protection canopy above this deck and 

inspecting as the cage tripped in the shaft. This design has not presented any historical problems 

for ventilation operation in the #2 Shaft for nearly 45 years, and the design was to be copied to 

the #3 Shaft. The design drawing for the #2 Shaft cage can be seen in Appendix D, Figure 39. 

Due to the significant airflow volume that was to pass through the #3 Shaft, the #2 Shaft cage 

design was analyzed in the #3 Shaft geometry and airflow conditions utilizing Computational 

Fluid Dynamics (CFD) modeling, specifically looking at the airflow profiles coming out of the 

bottom of the shaft at the potash station. The CFD modeling was performed by FlowCare 

Engineering, under the direction of the author. Interpretation and application was also performed 

by the author. The design, including a solid bale deck and two full sides proposed a problem since 

the deck, when the cage was parked at the potash level, sat slightly above the back elevation at 

the potash station, plugging the shaft and forcing the air to travel around it, thus increasing local 

air velocities significantly (and also increasing resistance in the shaft). Figure 26 (FlowCare 

Engineering, 2013c) presents a visual representation of the scenarios that were analyzed.  
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Figure 26 - CFD Analysis of Cage Bale Decks 

(FlowCare Engineering, 2013c) 

In Figure 26, Case A the baseline study was completed. This case represented the historical 

installation in the #2 Shaft operating as a service shaft. The cage bale is fully closed on both 

sides, and the top deck (bale deck) is solid plate steel. The cage design can be seen in Appendix 

D, Figure 39. In Figure 26, Case B, a near-duplication of the cage design used in the #2 Shaft was 

used in addition to the shaft geometry and airflow rate that was designed for the #3 Shaft. Case B 

CASE A 

Pressure Drop – 199 Pa 

CASE B 
Pressure Drop – 354 Pa 

CASE C 
Pressure Drop – 149 Pa 
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presented much higher airflow velocities in the brow area (the connection between the shaft 

barrel and the shaft station drift) at the potash station elevation when compared to Case A, as well 

as a higher pressure resistance (pressure drop). In Figure 26, Case C, the same cage design as 

Case B was used, with one small change. Instead of a solid (impermeable) bale deck being 

installed on top of the cage, the top of the deck was modeled using a representation of standard 

industrial grating with a free-area of 80%. This change allowed the airflow in the shaft to further 

enter the shaft station below the brow elevation, and then exit the shaft. Case C also had the 

lowest pressure drop for the airflow amongst all of the cases. In response to these findings, the 

actual cage design was modified to a four post design (open on all four sides above the top deck) 

and the solid bale deck was swapped for an open-grating material, allowing the airstream to come 

further down at the station elevation and then out of the shaft into the mine around the entire 

perimeter of the conveyance at the brow elevation. The conceptual design drawing for the #3 

Shaft cage can be seen in Appendix D, Figure 40. 

7.2 The #3 Shaft Underground Booster Fan Placement 

Due to the air volume, proximity to the shaft area, and excavation geometries, an engineering 

analysis was performed to ensure the optimized placement of the underground booster fans 

located at the #3 Shaft. The analysis aimed to place the fans in the optimal location for drawing 

the airflow coming out of the shaft, as well as for sound exposures in the immediate vicinity to 

the #3 Shaft station given the fan’s proximity to the shaft area where all workers will be entering 

and leaving the mine.  

7.2.1 Airflow Considerations 

7.2.1.1 Drift Design 

The drifts that were to contain the underground boost fans at the #3 Shaft bottom were cut 

immediately adjacent to the main shaft cross cut. They were excavated to be 14 m wide by 3.7 m 
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tall to reduce air velocities to as low as reasonably practicable, and where possible, corners in the 

excavations were cut at 45 degrees to reduce shock losses associated with the more typical 90 

degree corners that existed in previous fan installations and high volumes of airflow. The drift 

excavation designs can be seen in Appendix D, Figure 37 and Figure 38.  

7.2.1.2 Computational Fluid Dynamics Analysis 

A CFD analysis was completed on the East Fan Drift using the as-built dimensions. The CFD 

modeling was again performed by FlowCare Engineering, under the direction of the author. 

Interpretation and application was also performed by the author. Looking specifically at the East 

Fan installations, projected airstream velocity profiles were analyzed along the drifts for several 

installation locations as outlined in Figure 27 (FlowCare Engineering, 2013c). The volumetric 

flow rate through the drifts was 142 m3/s. 

 

Figure 27 - The #3 Shaft - CFD Analysis Installation Outline 

(FlowCare Engineering, 2013a) 
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The investigation concluded that the fans should be installed on the inboard side of the corner at 

Location B (in Figure 27), as shown in Figure 28 (FlowCare Engineering, 2013c).  

 

Figure 28 - Optimized - The #3 Shaft Fan Installation 

(FlowCare Engineering, 2013a) 

This location was concluded to be the best based on the prediction of non-biased inlet airstream 

velocity profiles, as well as the projected outlet airstream velocity profile that shows the best 

(least) interaction with the downstream walls. As well this location exhibited the lowest velocity 

distortion values in the CFD model. The detailed analysis of each proposed installation location 

and further explanation of the results is presented in Appendix F. 

7.2.2 Sound Considerations 

Due to the proximity of the fan installations to the #3 Shaft station area, a focus was put on sound 

attenuation when designing the underground booster fans. The shaft station is classified as a work 

area for many people, and exposing these people to consistently elevated sound levels (long term) 
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was a concern to the mine. Testing was completed to estimate the required silencing prior to fan 

design. Sound testing was performed by the author in-mine in conjunction with Hurley 

Ventilation Technologies staff. Interpretation and application was also performed by the author.  

Based on the sample data and drift geometry, and if the silencer could reduce sound at the fan to 

95 dBa, a minimum fan offset of 60 meters would be required to achieve a sound level less than 

85 dBA to comply with Occupational Health and Safety Regulation 99.1, and avoid the need for 

hearing protection at the shaft station area as per Occupational Health and Safety Regulation 112 

(The Government of Saskatchewan, 1996). 

Verification of the attenuation design was completed upon the first installation of the new fans 

underground (the #1 Shaft Underground Boosters). Using sound level samples obtained at this 

installation, a contour map was modeled for the Scissors Creek Shaft area (Appendix G, Figure 

63). Sound levels are predicted to be below 85 dBa in the shaft cross cut as intended. 

Downstream of the fans, estimated sound levels show that hearing protection will still be required 

by law through the intersection where the airstream turns into the main travel way. This is a short 

distance, and therefore represents a small area of exposure. The details of this testing are 

presented in Appendix G. 

7.2.3 Conclusions on Fan Placement 

Reconciling the airflow and sound considerations, Location B was recommended for the fan 

installations. Location B is the optimal location given the inlet and outlet airstream profiles, and 

is sufficiently far away from the shaft area to allow for sound levels to drop below levels 

requiring hearing protection.  

7.3 The #2 Shaft Surface Fan System Performance 

As discussed in Section 4.4.2, a focus was put on the silencing design for the fans on both the 

inlet and exhaust sides. The exhaust side is in close proximity to the office building and milling 

facilities at the Rocanville Mine, which is a work area for many people, as well as the primary 
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access to the site office building. The inlet side silencers are designed to reduce noise in the shaft 

sub-collar, facilitating better communication when performing in-shaft work and shaft 

inspections. The louver house is designed to prevent potash dust fines from being exhausted 

towards the new mine dry and security building, as well as deflect sound away from areas where 

people are likely to be working. A CFD analysis was completed on the fan system under direction 

of the author and system vendor collaboratively, using the as-built dimensions proposed by the 

system vendor. There were three goals for the CFD modeling. Goal one was to analyze the 

airstream interactions with the silencers on the inlet side of the fans. Goal two was to analyze the 

proposed louver house performance, checking air velocities and pressure drops across the louvers. 

Goal three was to analyze the elbow portion of the system and help determine if any turning 

vanes should be installed to drastically improve system performance. The CFD modeling was 

again performed by FlowCare Engineering. Interpretation and application was also performed by 

the author and system vendor collaboratively. Figure 29 is a visual representation of the airflow 

velocities along the #2 Shaft centerline (FlowCare Engineering, 2013b). The figure shows the 

base case (Case B, tear drop silencers on the inlet side and double turning vanes installed) which 

was proposed by the vendor. The figure also shows the inlet side effects of not installing the tear 

drop silencers (Case C). The air velocity would diffuse less across the entire width of the plenum 

and actually creates some significant skew at the fan inlet. The upper half of the rotor would see 

more air volume than the lower half, and could cause varying stress levels on the blades, and 

therefore premature rotor failure. The figure also presents the effects of having no turning vanes 

installed (Case A). The airstream will compress to the back wall of the louver house and be 

directed into the roof of the louver house, potentially causing some recirculation in this area, but 

also allowing the airstream to diffuse across the more of the louver area, potentially limiting dust 

migration to the atmosphere. Based on the analysis, the installation of both banks of tear drop 

silencers and a single turning vane in the elbow was selected. 
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Figure 29 - CFD Analysis of the #2 Shaft Surface Fan System 

 

  

CASE A 
CASE B 

CASE C 



 

 

 

94

Chapter 8 

Conclusions and Recommendations 

8.1 Conclusions on the Project 

The main objective of this thesis was to present the design, construction, and implementation of a 

mine ventilation system to reconcile mine ventilation with the projected mine production 

expectations at the Rocanville Mine. The mine ventilation system was designed by analyzing the 

minimum requirements for effective production on a ‘per machine’ basis, and was then scaled up 

to account for the entire operating fleet. Shaft capacities for airflow were also analyzed based on 

their construction. Mine resistance was also estimated using ventilation engineering principles. 

Design calculations were then verified through ventilation computer modeling, and were also 

used to generate the required fan system specifications.  

The planning and implementation of a phased transition from the existing ventilation system to 

the new system was also completed, allowing for the existing mine to remain in full operation 

throughout the expansion process. The transition phases were successfully planned to work in 

conjunction with mine production downtime, compliment other ‘expansion’ related construction 

activities, and, most importantly, provide effective ventilation to the mine throughout the entire 

process. A comparison of the computer-generated ventilation model to in-field survey data was 

completed for several of these phases. These results verified the design calculations by 

confirming that the in-field surveys correlated with the model, which was built using the design 

calculations as input parameters. All of this was done in order to reconcile ventilation 

requirements with production expectations, allowing for efficient and productive potash mining. 

8.2 Novelties of the Thesis 

The primary novelty of this thesis is the documentation of the ventilation designs for the 

Rocanville Mine, which was historically based on experience and field practice at the mine. 
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Despite the ability to effectively ventilate the mine at pre-expansion quantities, previously 

installed fan systems were either ineffective in terms of applying static pressure, or very 

inefficient, running near 60%. The ventilation design presented in this thesis utilizes fans that will 

be highly efficient. As well, extensive computer modeling was used to verify the design 

calculations, and also to predict the effects of commissioning the new fan systems through the 

transition process. 

Portions of this thesis have also been dedicated to showcasing some of the special considerations 

given to several installations regarding airstream aerodynamics. CFD modeling was utilized to 

aid in optimizing the conveyance design for the #3 Shaft as well as the #3 Shaft station design 

from a ventilation perspective. CFD modeling was also used to help place fan installations at the 

#3 Shaft potash station in the most favorable locations available, ensuring the downstream air 

velocity profile transitions into the mine workings efficiently.  CFD modeling was also used to 

analyze system performance for the upgraded surface fan system for the #2 Shaft.  

Portions of this thesis have also been dedicated to showcasing some of the special considerations 

given to several installations regarding sound levels and worker exposure. The fan system at the 

#3 Shaft potash station was designed and placed such that the sound produced by the fan 

operation would attenuate to levels below current policy for wearing hearing protection in the #3 

Shaft station area, a potential area of exposure to all workers in the mine. As well, the #2 Shaft 

surface fan system was designed to have sound be attenuated in the shaft sub-collar area (and 

below) to better facilitate communication when performing shaft inspections.  

8.3 Recommendations on Future Work 

This section presents the recommendations for work as a result of this thesis that will need to be 

completed in the future. As construction, commissioning, and the final phases of the ventilation 

transition program are completed, several checks need to be performed to further validate the 

calculations done while completing this thesis. Of primary importance is a survey of the station 
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resistance at the bottom of the #3 Shaft. Several design changes over the course of the expansion 

project occurred. The #3 Shaft was initially designed as a concrete lined shaft top-to-bottom. 

Station resistance was initially predicted to be similar to that seen at the #1 and #2 Shafts due to 

their similar construction. Over time more radical changes, including steel towers, welded wire 

mesh, water deflection rings, overhead protection plates, and other restrictions were placed inside 

the shaft barrel and at the station level. Due to the complexity of the installations, an accurate 

estimate based on theoretical or experiential knowledge could not be guaranteed with a high 

degree of accuracy, and a conservative estimate was instead installed in the design. The fan 

systems presented in this thesis do allow for a buffer for increased system resistance, but a better 

understanding of the impact of the station is required. A second study should also be completed to 

compare actual data collected to the predictions on the transition phases not yet completed.   

As well, conveyance stability should be confirmed in both the #3 Shaft and the #2 Shaft as these 

hoists are brought online and the ventilation through each shaft is increased in Phase IV (Section 

5.2.4). Table 17, specifically the free air velocity for the #3 Shaft and maximum relative velocity 

for the #3 Shaft and the #2 Shaft, indicates that the shaft conveyances will be operating outside of 

their normal recommended airflow range. An assessment program should be installed to assess 

conveyance behavior as the airflows are increased. Items assessed should include vibration, 2-

axis sway during normal speed trips, proximity to the shaft wall, and, in the case of the #2 Shaft, 

proximity to the adjacent skip mid-shaft. 

The installation of the 3M Liner in the #3 Shaft provides an opportunity to analyze the material 

from a shaft resistance perspective. The 3M liner was installed for the purpose of water retention, 

sealing the salt behind it from water that would be flowing down the shaft walls. This material 

could be effective for lowering resistance in mine shafts because of its smooth finish. An analysis 

of this could be completed.  
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Finally, the fans were all shipped and installed at non-optimal blade angles when compared to the 

ventilation design. Given that all of the fans are driven by VFDs this effect can likely be 

neutralized, but a study should be completed to confirm this, and the rotors should be adjusted to 

have the fans operate as efficiently as possible upon completion of the transition. 

8.4 A Final Statement 

This thesis has successfully demonstrated the practical application of scientific knowledge 

through the successful design, modeling, implementation and verification of the ventilation 

system for the Rocanville Mine. 
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Appendix A 

Rocanville Mine Diesel Fleet 
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Table 30 - Rocanville Diesel Fleet (January 2015) 

 

Equipment Number Equipment Type kW (Brake) Engine Type
50717 Shuttle Car 177 Mercedes Benz OM926LA

50718 Shuttle Car 177 Mercedes Benz OM926LA

50719 Shuttle Car 177 Mercedes Benz OM926LA

50720 Shuttle Car 177 Mercedes Benz OM926LA

50721 Torkar 179 Cummins 

50722 Torkar 205 Mercedes-Benz MBE906

50723 Torkar 205 Mercedes-Benz

50726 Shuttle Car 130 Mercedes Benz

357001 Noble Jeep 68 Kubota 3800T

357002 Club Car XRT1550 (Diesel Bay) 15 Kubota D722 

357003 Culb Car (Mine Eng) 15 Kubota D722 

357004 Club Car (Production) 15 Kubota D722 

357005 Club Car (Production) 15 Kubota D722 

357007 2011 Jeep Wrangler 43 Kubota 3600T

357008 2012 Jeep Wrangler 43 Kubota 3600T

357009 Noble Jeep (Safety) 43 Kubota 3600T

357010 Noble Jeep (Electrical Supervisor) 43 Kubota 3600T

357019 Procon Jeffery Four Man Carrier 74 Iveco N45 MSSX00

357027 2012 Toyota Tacoma 63 Cummins B3.30 

357028 2012 Toyota Tacoma 63 Cummins B3.30 

357029 Kubota Diesel Generator 10 Kubota Z482-D2-Et06

357030 Karcher Disel Pressure Washer 19 Kohler 19-37KW

357031 Dieci Telehandler 53 Yanmar 4TNV98-ZNDI

357032 Toyota Tacoma (Surveyors) 63 Cummins B3.30 

357039 Twister T100 Combined Comp&Gen 29 Yanmar 3TNV84T-BKSA

357040 Twister T100 Combined Welder&Comp 0 Kubota CJ8019

357042 Club Car (Safety) 15 Kubota D722 

357049 Minecat FL6000 Forklift 0

357050 Minecat FL6000 Forklift 0

357051 Club Car 15 Kubota

357052 Club Car 15 Kubota

357053 Club Car 15 Kubota

357054 Club Car 15 Kubota

357055 Club Car 15 Kubota

357056 Club Car 15 Kubota

357058 Toyota Truck 100 Toyota 1HZ 

357059 Toyota Truck 100 Toyota 1HZ 

357060 Toyota Truck 100 Toyota 1HZ 

357061 Toyota Truck 100 Toyota 1HZ 

357062 Toyota Truck 100 Toyota 1HZ 

357063 Toyota Truck 100 Toyota 1HZ 

357064 Toyota Truck 100 Toyota 1HZ 

357065 Toyota Truck 100 Toyota 1HZ 

357066 Toyota Truck 100 Toyota 1HZ 

357067 Toyota Truck 100 Toyota 1HZ 

357068 Toyota Landcruiser 100 Toyota 1HZ 
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Equipment Number Equipment Type HP (Brake) kW (Brake) Engine Type
357071 JLG G518A Telehandler 94 70 Perkins 2970/2200 NL70713

357077 Toyota Landcruiser 134 100 Toyota 1HZ 

357078 Toyota Landcruiser 134 100 Toyota 1HZ 

357080 Toyota Landcruiser 134 100 Toyota 1HZ 

357081 Toyota Landcruiser 134 100 Toyota 1HZ 

357082 Brandt Grader 0

357084 Deici Telehandler 71 53 Yanmar 4TNV98-ZNDI

357085 Toyota Landcruiser 134 100 Toyota 1HZ 

357086 Toyota Landcruiser 134 100 Toyota 1HZ 

357087 Toyota Landcruiser + Scissor Lift 134 100 Toyota 1HZ 

357088 Toyota Landcruiser 134 100 Toyota 1HZ 

357090 Toyota Landcruiser 134 100 Toyota 1HZ 

357091 Toyota Landcruiser 134 100 Toyota 1HZ 

357092 Toyota Landcruiser 134 100 Toyota 1HZ 

357093 Toyota Landcruiser 134 100 Toyota 1HZ 

357096 Toyota Landcruiser 134 100 Toyota 1HZ 

357097 Toyota Landcruiser 134 100 Toyota 1HZ 

357098 Toyota Landcruiser 134 100 Toyota 1HZ 

357099 Toyota Landcruiser 134 100 Toyota 1HZ 

357101 Dyna-Bolter V 2.2 0 FPT Industrial F4GE9454H

357102 Polaris Ranger Diesel 23 17 Yanmar 3TNM72

357103 Polaris Ranger Diesel 23 17 Yanmar 3TNM72

357104 Toyota Landcruiser 134 100 Toyota 1HZ 

357105 Toyota Landcruiser 134 100 Toyota 1HZ 

357107 Brandt Basket Bolter 173 129 John Deere 4045HF285

357108 ST-2G Scoop Tram 117 87 Deutz BF4M1013EC 

357115 JLG Telehandler 74 55 Deutz TD2.9L

357116 JLG Telehandler 74 55 Deutz TD2.9L

357117 RTV 1140 Kubota 25 19 Kubota D1105

357120 Polaris Ranger Diesel 23 17 Yanmar 3TNM72

357121 Polaris Ranger Diesel 23 17 Yanmar 3TNM72

357123 JLG G518A Telehandler 74 55 Deutz TD2.9L

357124 JLG G518A Telehandler 74 55 Deutz TD2.9L

357125 Brandt Tow Vehicle 0 88XC

357129 ARVA Crane MC310 0

357149 ARVA Crane MC310 0

357150 Bobcat 3400XL UTV 23 17 Yanmar 3TNM72

357151 Bobcat 3400XL UTV 23 17 Yanmar 3TNM72

357152 Bobcat 3400XL UTV 23 17 Yanmar 3TNM72

357153 Bobcat 3400XL UTV 23 17 Yanmar 3TNM72

35726 Goodmans Mancarrier 60 45

35729 Scoop Tram (White) 124 92 Detroit 0706LTE 

35730 LHD Eimco 913 (Yellow) 124 92 Perkins 3054 DIT 

35742 International Stinger Crane 195 145 Detroit TS300SL 

35744 Portable Air Compressor 40 30 John Deere 316D 

35790 JS-100 Scoop Tram 52 39 Duetz F4L912W 
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Equipment Number Equipment Type kW (Brake) Engine Type
35791 JS-100 Scoop Tram 93 Duetz F4L912W 

35792 JS-100 Scoop Tram 39 Duetz F4L912W 

35793 JS-100 Scoop Tram 39 Duetz F4L912W 

35794 JS-100 Scoop Tram 39 Duetz F4L912W 

35795 JS-100 Scoop Tram 39 Duetz F4L912W 

35820 Goodman Truck (Mine Rescue) 53 Ford 2711E 

35825 CAT Forklift 51 Perkins 4-236 

35828 Ford Tractor with Bolter 47 Ford 2K13A 

35833 Joy Compressor 38 GMC Detroit 4D8772 

35843 Toyota Landcruiser 63 Toyota 3B 

35844 Toyota Landcruiser 63 Toyota 3B 

35845 Lube Truck 116 GMC 6.2L V8 

35849 Isuzu Truck 58 Isuzu 4JAI 

35852 Sullivan Compressor 60 John Deere 4035 DF 

35853 Sullivan Compressor 60 John Deere 4035 DF 

35856 Toyota Forklift 44 Toyota IDZ 

35861 Manitou Forklift 31 Perkins 104-19 

35863 Toyota Landcruiser 95 Toyota IHZ 

35864 Toyota Forklift (Warehouse) 44 Toyota DZ-ECA 

35865 Toyota Landcruiser 95 Toyota IHZ 

35866 Honda Portable Generator 7 Honda GD411 

35869 Manitou Forklift 7 Perkins 104-19 

35876 Sellick Forklift 64 Perkins 2PKXL04 

35879 Dodge Ram Truck 186 Cummins 5.9L 

35881 Portable Welder 25 Cat 3024C 

35882 Dodge Ram Truck 242 Cummins 5.9L 

35883 Lube Truck 119 GM 6.5L 

35884 Genie Articulated Boom Manlift 19 Perkins 403C-11 

35885 ST-2G Scoop Tram 87 Deutz BF4M1013EC 

35886 EJC-210 Scoop Tram 172 Deutz F10L413FW 

35887 EJC-180 Scoop Tram 240 Mercedes MBE926LA 

35888 Sandvik Scoop Tram 240 0M926LA

35889 ST-2G Scoop Tram 87 Deutz BF4M1013EC 

35890 ST-2G Scoop Tram 123 Deutz BF4M1013EC 

35891 ST-2G Scoop Tram 87 Deutz BF4M1013EC 

35892 ST-2G Scoop Tram 87 Deutz BF4M1013EC 

35893 ST-2G Scoop Tram 87 Deutz BF4M1013EC 

35894 ST-2G Scoop Tram 87 Deutz BF4M1013EC 

35895 ST-2G Scoop Tram 87 Deutz BF4M1013EC 

35897 Kubota Utility Vehicle 16 Kubota D902-E-UV 

35898 Kubota Utility Vehicle 16 Kubota D902-E-UV 

35899 Kubota Utility Vehicle 16 Kubota D902-E-UV 

35901 Toyota Landcruiser 100 Toyota 1HZ 

35902 Goodman Truck 48 Cummins B3.30 

35906 Sellick Forklift 64 Perkins 2/68/2200/2PKXL04 

35907 Toyota Landcruiser 100 Toyota 1HZ 
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Equipment Number Equipment Type kW (Brake) Engine Type
35908 Kubota Utility Vehicle 16 Kubota D902-E-UV 

35909 Dodge Dakota 73 Iveco MEF45 

35911 Toyota Landcruiser 100 Toyota 1HZ 

35912 Daewoo Forklift 56 Doosan DB585 

35913 Club Car 15 Kubota D722 

35914 Club Car 15 Kubota D722 

35915 Club Car 15 Kubota D722 

35916 Club Car 15 Kubota D722 

35917 Genco Truck 52 Isuzu BJ493Q-BQ3 

35918 Genco Truck 52 Isuzu BJ493Q-BQ3 

35919 Toyota Landcruiser 100 Toyota 1HZ 

35920 Toyota Landcruiser 100 Toyota 1HZ 

35921 Toyota Landcruiser 100 Toyota 1HZ 

35922 Toyota Landcruiser 100 Toyota 1HZ 

35923 Sellick Forklift 62 Perkins 1104C-44 

35925 Genco Truck 57 Isuzu BJ493Q-BQ3 

35926 Genco Truck 57 Isuzu BJ493Q-BQ3 

35927 Sellick Forklift 62 Perkins 1104C-44 

35928 Sellick Forklift 62 Perkins 1104C-44 

35931 Toyota Landcruiser 100 Toyota 1HZ 

35932 Portable Air Compressor 37 John Deere 4021TF270 

35933 Portable Air Compressor 37 John Deere 4021TF270 

35935 Genco Truck 57 Isuzu BJ493Q-BQ3 

35936 Gneco Truck 57 Isuzu BJ493Q-BQ3 

35938 Sellick Dyna-Bolter 62 Perkins 1104C-44 

35939 Lube Truck 74 Iveco N45 MSSX00

35940 Sandvik Scoop Tram 240 0M926LA

35942 Sellick Forklift 62 Perkins 1104C-44 

35943 Sellick Forklift 62 Perkins 1104C-44 

35944 Club Car 15 Kubota D722 

35945 Club Car 15 Kubota D722 

35946 Minecat Utility Vehicle 74 Iveco N45 MSSX00

35948 Arva MC 210 Crane 63 Cumins 3.3

35949 Procon service truck 142 Mercedes 0M904LS

35950 Procon shaft truck 74 Iveco N45 MSSX00

35953 Versahandler 56 Kubota C3800T

35954 Saskpro truck 74 Iveco N45 MSSX00

35955 Saskpro 4 person truck 74 Iveco N45 MSSX00

35959 JLG Forklift-shaft 63 Perkins 1104D-44

35960 Miller Welder 32

35964 Bobcat Utility Vehicle 15 Kubota D722 

35966 Bobcat Utility Vehicle 15 Kubota D722 

35967 Bobcat Utility Vehicle (Safety) 15 Kubota D722 

35968 Bobcat Utility Vehicle 15 Kubota D722 

35969 Bobcat Utility Vehicle 15 Kubota D722 

35970 Four Seat Man Carrier 53 Iveco N45MSS000
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Equipment Number Equipment Type kW (Brake) Engine Type
35971 Flat Deck Truck 74 Iveco N45 MSSX00

35972 Electrical Service Truck 74 Iveco N45 MSSX00

35973 Mechanical Service Truck 74 Iveco N45 MSSX00

35974 Mechanical Service Truck 74 Iveco N45 MSSX00

35976 Tom Car 53 Lombardini 9LBDL1

35977 Tom Car 53 Lombardini 9LBDL1

35978 Dieci Telehandler Apollo 53 Yanmar 7YDXL3

35987 Procon Electrical Service truck 74 Iveco N45 MSSX00

35989 Four Seat Procon Jeffery 74 Iveco N45 MSSX00

35990 Procon 10 Seat Personnel Carrier 74 Iveco N45 MSSX00

35991 Procon Electrical Service truck 74 Iveco N45 MSSX00

35992 Sellick Forklift 64 Perkins 2PKXL04 

35995 Procon 10 Seat Personnel Carrier 74 Iveco N45 MSSX00

35996 Procon 10 Seat Personnel Carrier 74 Iveco N45 MSSX00

35997 Procon 10 Seat Personnel Carrier 74 Iveco N45 MSSX00

35998 Procon 10 Seat Personnel Carrier 74 Iveco N45 MSSX00
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Appendix B 

Diesel Equipment at the Face 
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Table 31 - Diesel Equipment at the Face 

1st Pass - Standard Production

Equipment # Description kW (Brake) Engine Type
Hour Meter 

reading Start
Hour Meter 

reading End Start date End date

Days 
Between 
Readings # 12 Hour Shifts

# 12 Hour 
Shifts

(Adjusted 
for 

Availabilit
y)

Avg. 
Operating 
Hours per 

Shift 
(Adjusted 

for 
Availability) Utilization

m3/s Required 
(100% 

utilization)

m3/s 
Required

(Adjusted for 
Availability/U

tilization)

Comments

2012 Jeep Wrangler (Supervisor) 43 Kubota 3600T 663 738 3/12/13 4/10/13 29 58 44 1.72 19.2% 2.73 0.52
2012 Toyota Tacoma (Surveyors) 63 Cummins B3.30 100 123 2/20/13 3/25/13 33 66 50 0.46 5.2% 4.01 0.21
JS-100 Scoop Tram (Production) 39 Duetz F4L912W 4541 4733 6/23/11 3/25/13 641 1282 962 0.20 2.2% 2.88 0.06 Canmet Sheet
Toyota Landcruiser (Operators) 100 Toyota 1HZ 1 749 10/24/12 4/08/13 166 332 249 3.00 33.4% 4.72 1.58 Canmet Sheet
Bobcat Utility Vehicle (Safety) 15 Kubota D722 432 758 3/13/12 3/31/13 383 766 575 0.57 6.3% 0.94 0.06
Mechanical Service Truck (Mechanical) 74 Iveco N45 MSSX00 109 248 9/12/11 11/30/12 445 890 668 0.21 2.3% 4.25 0.10 Canmet Sheet
Procon Electrical Service truck (Electrical) 74 Iveco N45 MSSX00 147 1095 1/18/12 1/28/13 376 752 564 1.68 18.7% 4.25 0.79 Canmet Sheet
Tom Car (Production GF) 53 Lombardini 9LBDL1 362 995 12/08/11 3/12/13 460 920 690 0.92 10.2% 3.35 0.34
Club Car (Mine Eng or Other Visitor) 15 Kubota D722 445 461 3/25/13 4/18/13 24 48 36 0.44 4.9% 0.94 0.05

TOTALS 476 28.07 3.71

Side Pass - Standard Production

Equipment # Description kW (Brake) Engine Type
Hour Meter 

reading Start
Hour Meter 

reading End Start date End date

Days 
Between 
Readings # 12 Hour Shifts

# 12 Hour 
Shifts

(Adjusted 
for 

Availabilit
y)

Avg. 
Operating 
Hours per 

Shift 
(Adjusted 

for 
Availability) Utilization

m3/s Required 
(100% 

utilization)

m3/s 
Required

(Adjusted for 
Availability/U

tilization)

Comments

2012 Jeep Wrangler (Supervisor) 43 Kubota 3600T 663 738 3/12/13 4/10/13 29 58 44 1.72 19.2% 2.73 0.52
JS-100 Scoop Tram (Production) 39 Duetz F4L912W 4541 4733 6/23/11 3/25/13 641 1282 962 0.20 2.2% 2.88 0.06 Canmet Sheet
Toyota Landcruiser (Operators) 100 Toyota 1HZ 1 749 10/24/12 4/08/13 166 332 249 3.00 33.4% 4.72 1.58 Canmet Sheet
Bobcat Utility Vehicle (Safety) 15 Kubota D722 432 758 3/13/12 3/31/13 383 766 575 0.57 6.3% 0.94 0.06
Mechanical Service Truck (Mechanical) 74 Iveco N45 MSSX00 109 248 9/12/11 11/30/12 445 890 668 0.21 2.3% 4.25 0.10 Canmet Sheet
Procon Electrical Service truck (Electrical) 74 Iveco N45 MSSX00 147 1095 1/18/12 1/28/13 376 752 564 1.68 18.7% 4.25 0.79 Canmet Sheet
Tom Car (Production GF) 53 Lombardini 9LBDL1 362 995 12/08/11 3/12/13 460 920 690 0.92 10.2% 3.35 0.34
Club Car (Mine Eng or Other Visitor) 15 Kubota D722 445 461 3/25/13 4/18/13 24 48 36 0.44 4.9% 0.94 0.05

TOTALS 412 24.06 3.50

Kar & Loader - Production (2 Kars)

Equipment # Description kW (Brake) Engine Type
Hour Meter 

reading Start
Hour Meter 

reading End Start date End date

Days 
Between 
Readings # 12 Hour Shifts

# 12 Hour 
Shifts

(Adjusted 
for 

Availabilit
y)

Avg. 
Operating 
Hours per 

Shift 
(Adjusted 

for 
Availability) Utilization

m3/s Required 
(100% 

utilization)

m3/s 
Required

(Adjusted for 
Availability/U

tilization)

Comments

2012 Jeep Wrangler (Supervisor) 43 Kubota 3600T 663 738 3/12/13 4/10/13 29 58 44 1.72 19.2% 2.73 0.52
2012 Toyota Tacoma (Surveyors) 63 Cummins B3.30 100 123 2/20/13 3/25/13 33 66 50 0.46 5.2% 4.01 0.21
JS-100 Scoop Tram (Production) 39 Duetz F4L912W 4541 4733 6/23/11 3/25/13 641 1282 962 0.20 2.2% 2.88 0.06 Canmet Sheet
Toyota Landcruiser (Operators) 100 Toyota 1HZ 1 749 10/24/12 4/08/13 166 332 249 3.00 33.4% 4.72 1.58 Canmet Sheet
Bobcat Utility Vehicle (Safety) 15 Kubota D722 432 758 3/13/12 3/31/13 383 766 575 0.57 6.3% 0.94 0.06
Mechanical Service Truck (Mechanical) 74 Iveco N45 MSSX00 109 248 9/12/11 11/30/12 445 890 668 0.21 2.3% 4.25 0.10 Canmet Sheet
Procon Electrical Service truck (Electrical) 74 Iveco N45 MSSX00 147 1095 1/18/12 1/28/13 376 752 564 1.68 18.7% 4.25 0.79 Canmet Sheet
Tom Car (Production GF) 53 Lombardini 9LBDL1 362 995 12/08/11 3/12/13 460 920 690 0.92 10.2% 3.35 0.34
Club Car (Mine Eng or Other Visitor) 15 Kubota D722 445 461 3/25/13 4/18/13 24 48 36 0.44 4.9% 0.94 0.05
Torkar 179 Cummins 2898 3622 3/14/12 4/24/13 406 812 609 1.78 19.8% 11.33 2.24
Torkar 205 Mercedes-Benz MBE 845 1756 3/22/12 4/24/13 398 796 597 2.29 25.4% 12.98 3.30

TOTALS 860 52.38 9.25
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Appendix C 

Average Airflow By Panel (2014 Ventilation Survey Dataset) 
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Table 32 - 2014 Weekly Gas Dataset 

 

  

 AIRFLOW
(cfm)

 AIRFLOW

(m3/s)
Dry Bulb 

Temp. (ᴼC)
Wet Bulb 

Temp. (ᴼC)
O2

(%vol)
CO2 

(%vol)
NO2 

(ppm)
 CO 

(ppm)

AVERAGE 39802.76 18.78 26.38 16.83 20.59 1.39 0.41 4.50
PANEL 703 44306.19 20.91 27.08 16.47 20.40 9.04 0.85 5.26
PANEL 706 39504.01 18.64 27.26 16.08 20.80 0.10 0.43 4.04
PANEL 710 35674.15 16.84 25.85 16.19 19.76 0.11 0.26 3.33

PANEL 806/808 37646.14 17.77 27.02 16.36 20.80 0.15 0.45 5.33
PANEL 809/811 37150.93 17.53 25.37 17.60 20.80 0.11 0.28 3.57
PANEL 903/905 33134.50 15.64 25.59 18.65 20.80 0.11 0.24 2.96

PANEL 1001/1201 51203.40 24.16 26.49 16.44 20.80 0.13 0.38 7.00
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Appendix D 

Fan Systems and Design Drawings 
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Figure 30 - The #3 Shaft Surface Fan System Design 
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Figure 31 - Alphair 10150-AMF-5000 710 RPM Fan Curve (The #3 Shaft – Surface) 
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Figure 32 - The #2 Shaft Surface Fan System Design 
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Figure 33 - HVT 78-30-900 TYPE 2000 Fan Curve (The #2 Shaft – Surface, The #1 Shaft 

Surface) 
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Figure 34 - The #1 Shaft Surface Fan System Design 
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Figure 35 - Underground Booster Design (The #1, #2, #3 Shafts - Underground Boosters) 
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Figure 36 - HVT 78-30-1200 TYPE 2000 Fan Curve (The #1, #2, #3 Shaft Underground 

Boosters) 
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Figure 37 - The #3 Shaft East Fan Drift, Excavation Drawing 
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Figure 38 - The #3 Shaft West Fan Drift, Excavation Drawing 
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Figure 39 - The #2 Shaft - Cage Dimensions 
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Figure 40 - The #3 Shaft - Conceptual Cage Design 
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Figure 41 - The #2 Shaft - Elta Fan Analysis 
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Figure 42 - The #2 Shaft - Sheldons 78-8R Fan Curve 
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Figure 43 - HVT 54-26-1800 TYPE 2000 Fan Curve (The Legacy #2 Shaft Underground 

Boosters) 
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Figure 44 - Joy 54-26-1770 RPM TYPE 2000 (The Legacy #1 Shaft Underground Boosters) 
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Appendix E 

Fan System Components and Effects on Resistance 
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E.1 Appendix Introduction 

Appendix E provides information on fan system components regarding their impacts on pressure 

and resistance when doing ventilation design. This information has been compiled through 

industry research in an effort to source and utilize the best possible components in the various 

applications of the Rocanville ventilation design, and is included to benefit the reader if a similar 

objective is being completed. 

E.2 Auxiliary Fan System Component Resistances 

This section will discuss the design factors and calculations associated with various auxiliary 

ventilation components utilized in the ventilation design. Specifically, fan silencers, inlet bells, 

screens, backdraft dampers, and exit cones are analyzed. 

E.2.1 Fan Silencers 

There are two main types of silencers; cylindrical shaped, flow-through style, and splitter-style 

silencers. Following is a brief description of each and their operating parameters. 

E.2.1.1 Splitter Style 

The splitter-style silencer divides the air-stream on the inlet or exit side of the operating fan, 

increasing air speed through the silencer area. The typical splitter silencer consists of 

aerodynamically-shaped fins that are inserted into the airstream to attenuate the sound waves 

coming from the source (motor, hub, rotor area). The splitter silencer fins are wrapped in sound 

absorbent material (SAM) usually consisting of fiberglass insulation that causes the sound waves 

to attenuate within the silencer area of the duct rather than proceed down-duct or exit into the free 

atmosphere. Other materials used as silencing media may be rock wool or high-porosity foam. 

These are a proven technology and have a history of good attenuation. The main disadvantages of 

a typical splitter silencer installation are the higher shock losses due to the contraction into and 
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expansion out of the airstream past the fins, as well as the shock loss due to the impact loading on 

the inlet side of the silencer.   

Several fin shapes have been developed for use with this style of silencer, but a tear-drop style 

silencer is shown to be installed in Figure 45. The silencing fin is a very aerodynamic ‘wing’ 

shape. The airstream splits around the silencer fins, and then returns to the stream path on the 

other side via the smooth transition on the downstream side of the silencer wing. Sound 

attenuations with this shape are typically good (as with all splitter silencers), but the installation is 

better than for other shapes due to the tapered exit profile and therefore lower shock loss 

associated with the installation. 

 

Figure 45 - Vent Plenum - Splitter Silencer Installation 

 

E.2.1.2 Flow-Through Style 

Flow-through silencers are typically bolted to the inlet or exit flanges on the fan body, and are 

placed after the inlet bell and/or before the exit cone in typical fan installations.  
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E.2.1.2.1 Podless Flow-Through Silencer 

A typical podless flow-through silencer is cylindrical in shape, of the same internal diameter as 

the connected fan, and is constructed with the same material the fan body is made of. The inside 

of the silencer is lined with SAM, usually fiberglass, which is held in place with expanded wire 

mesh. The airstream entering and exiting the fan system passes over the material, mostly through 

the center of the cylinder, but does not typically have much interaction with the silencer itself. For 

this reason, a main advantage of this style is the low shock loss effect on the air stream. Due to 

this lack of interaction, attenuation of the fan noise is however less than for other silencer styles. 

E.2.1.2.2 Flow-Through Silencer with Center Pod 

The addition of a silencer ‘bullet’ or ‘pod’ down the central axis of the flow through silencer can 

greatly impact the silencer’s performance. Attenuation is better due to the increased SAM area of 

presentation to the fan, but this also increases shock loss because the airstream also interacts with 

this surface area. Shock loss is also increased since the area for flow is smaller due to the 

presence of the pod (by Equation 12).  There is some benefit to the fan however, as the fan blades 

can be preferentially loaded (around the outside) due to the smooth transition created by the pod 

for the airstream. 

E.2.1.2.3 Accounting for Silencers 

Table 33 shows the range of typical losses that were provided by fan manufacturers for various 

types of silencers.  
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Table 33 - Silencer Shock Losses by Type 

 

E.2.2 Inlet and Exit Screens 

Fan inlet and exit screens are designed for two primary purposes. The fan is designed to draw air 

though itself, and because of this, items that are suspended in the airstream could also enter the 

area where the rotor is spinning. An inlet screen is installed to keep things that should not be in 

the fan out (namely, garbage and light consumables that might catch on a rotor and cause it to go 

out of balance). Conversely, a fan exit screen is installed to contain the contents of the fan. 

Occasionally, a fan rotor will get out of balance (either by impact, fatigue related failure, or 

wear), and the rotor will fail catastrophically. The blades will break off inside the body. The 

screen will act as a sacrificial containment media to these blades (spinning at sometimes upwards 

of 1800RPM), and keep them from leaving the fan unabated. In industry, the standard screen is a 

38mm x 38mm or 51mm by 51mm welded, woven wire mesh. Material type and coating vary 

with application, but the typical free area ratio for the screen is constant around 80% for mine 

fans.  

The shock loss associated with a fan screen is calculated by Equation 25, where X is the shock 

loss factor. 

Equation 25 

	( ) = 	( ) 

TYPE TYPICAL SHOCK LOSS RANGE FACTORS THAT AFFECT Px DESIGN CALCULATIONS NOTES
NO-POD FLOW-THROUGH 2.5 - 25 Pa Sound absorbant material roughness Can use an 'equivalent length' of 

Silencer Length steel pipe to estimate resistance

POD FLOW-THROUGH 25 Pa - 100 Pa The 'area' of the pod, or reduction Manufacturer Specified
in annulus area has an effect on
 the total pressure loss

SPLITTER 25 Pa - 100 Pa Number of fins, varied by amount Manufacturer Specified
 of desired attenuation

TEARDROP 0 Pa - 50 Pa Very aerodynamic, manufacturer Manufacturer Specified
reports very low pressure drops 
across structure
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Several methods for obtaining X exist. Equation 26 was developed by Malcolm McPherson. 

Equation 27 was developed by the Buffalo-Forge Company (now Howden Ventilation). Other 

estimates exist, and in some cases, the X factor is blanketed with an empirical constant (typically 

0.085). 

Equation 26 

McPherson Equation 

=	 0.43( ) . − 0.39 

Equation 27  

Buffalo-Forge Fan Engineering Equation 

= [ . ∗ − + − ] 
 

E.2.2.1 Case Study of Free Area and Impact on X 

As a case study, the two common shock loss equations for calculating pressure drop across a 

screen (shown above) were compared. The results are presented in Figure 46. The X values as 

indicated by McPherson and Buffalo-Forge were calculated based on a varying free area ratio. 

The Buffalo Forge equation estimates the shock loss X factor many times higher than the 

McPherson equation. Being conservative in fan design, the Buffalo-Forge equation is the 

equation to use for the estimation of a screen loss, should a general number not wished to be 

applied. 
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Figure 46 - Case Study of X and Free Area in Screens 

Assume 42-26-1800 Fan
Flow 23.6 m3/s
Fan Area: 0.89 m2
Hv(fan)= 416.9 Pa
Hx=XHv

X =       0.43      - 0.39 X = [1.3 x (1 - A0 ) + ( A1  - 1)2]
       (A0 / A1)0.27                           A1          A0

X F/A Ratio (%) XHv (Pa) X F/A Ratio (%) XHv (Pa)
0.58 5% 240.88 5% 0.00
0.41 10% 171.91 10% 0.00
0.33 15% 137.15 33.22 15% 13903.34
0.27 20% 114.70 17.04 20% 7132.47
0.24 25% 98.45 9.98 25% 4175.26
0.21 30% 85.88 6.35 30% 2659.79
0.18 35% 75.73 4.29 35% 1797.34
0.16 40% 67.26 3.03 40% 1268.27
0.14 45% 60.05 2.21 45% 924.55
0.13 50% 53.79 1.65 50% 690.64
0.12 55% 48.27 1.25 55% 525.07
0.10 60% 43.36 0.96 60% 403.69
0.09 65% 38.94 0.74 65% 311.81
0.08 70% 34.94 0.57 70% 240.12
0.07 75% 31.28 0.44 75% 182.54
0.07 80% 27.92 0.32 80% 134.99
0.06 85% 24.82 0.23 85% 94.66
0.05 90% 21.94 0.14 90% 59.58
0.05 95% 19.25 0.07 95% 28.37
0.04 100% 16.74 0.00 100% 0.00
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E.2.3 Fan Inlets and Inlet Bells 

Inlet bells are used where an airstream must enter a fan body from free atmosphere. The purpose 

of the inlet bell is to reduce the vena-contracta experienced by the airstream with the rapid 

contraction in airway area upon entering the fan body. As well, the bell attempts to uniformly 

load the fan blades on the outer edge of the rotor assembly. Figure 47 describes the purpose of the 

bell, and shows the airflow path through a fan with no bell. 

 

Figure 47 - Inlet Bell Function in Optimizing Fan Performance 

(Greenheck, 2013) 

E.2.3.1 Calculating Shock Loss at Fan Inlets 

The shock loss experienced by the airsteam when it enters a fan is calculated by Equation 28. 

Equation 28 

	( 	 ) = 	( ) 
When no bell is installed, an X value of 0.5 is used, as per Section 2.1.2.4.2.1.3 . The airstream 

entering the fan experiences vena-contracta and does not load the blades effectively. With a bell 

installed, the shock loss is significantly reduced to 0.05. With the smooth, curved shape of an 

inlet bell, the ratio of larger airway to smaller airway (as in Equation 12) is kept close to 1 along 

the surface of the bell, and even though the area is decreased, the shock loss is minimized as the 

velocity increases. 
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E.2.4 Backdraft Dampers 

The purpose of the backdraft damper is to prevent airflow from coming backwards through the 

fan. This may be a result of a single fan system being required to overcome a pre-existing 

ventilation pressure in the opposite direction to the ‘natural’ airflow as well as a static resistance. 

It also may be required when two fans operate in parallel in the same bulkhead to prevent one fan 

from re-circulating airflow back through the other fan (if off) and back into itself. Several damper 

options exist (guillotine, butterfly (2 blade), and multi-blade louver). Scenarios exist where each 

is the most practical installation option. Resistance effects are calculated by Equation 29. Typical 

X values are presented in Table 34. 

Equation 29 

	( ) = 	( ) 
Table 34- Backdraft Damper X Values 

 

E.2.5 Exit Cones 

Cones provided by manufacturers are often too short, or too steeply angled to be efficient. The 

purpose of a cone is to provide a smooth transition (Section 2.1.2.4.2.1.2, Gradual Expansion) for 

the airstream from the fan to a duct or to free atmosphere. This section applies to fans exhausting 

to free atmosphere only. This gradual expansion of the airflow reduces the shock loss experienced 

by the airstream according to Equation 30. 

Type X Value (XHv at Cone Outlet gives Shock Loss) Source
Guillotine 0 No Impact on Airstream

Butterfly (2-Blade) 0.15*Vp (cone outlet) Alphair Ventilation (empirical testing)

Multi-Blade Louver 0.07-0.08*Vp (cone outlet) Alphair Ventilation (empirical testing)
or Industrial Ventilation Book Section 'loss for an
isolated obstruction'
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Equation 30 	( 	 . )= 	 	( 	 	 ) − 	 ( 	( 	 	 ) − 	( 	 )) 
Based on available research (De Souza, 2013e) for the effectiveness of fan cones, there are two 

simple relationships that should be attempted to be followed when designing or reviewing a cone. 

The highest effectiveness factors for cones occur when the ratio of cone length to inlet radius 

equals between 2 and 3, and the ratio of cone exit area to cone inlet area equals between 1.3 and 

1.4. Using these numbers, ideal relationships between the cone and the fan diameter are generated 

as such to achieve the highest effectiveness factors. 

Equation 31 	 ℎ	 = 	1.3 	 		 	 	 = 	1.14	 	  

E.3 Summary of Appendix 

The information included in this Appendix presents some of the theoretical background for fan 

system design, specifically the components in a fan assemblage. The calculations and information 

presented here was used to complete the Rocanville Mine ventilation design presented in Chapter 

4. 
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Appendix F 

Detailed CFD Analysis of the #3 Shaft Fan Installation Locations 

  



 

 

 

137

F.1 Introduction 

Appendix F is included to present the detailed work of selecting the ideal locations for the #3 

Shaft underground booster fans from an ‘aerodynamic’ perspective, ensuring the fans are evenly 

loaded, and the projected downstream airflow patterns are optimized for the mine. A 

Computational Fluid Dynamics (CFD) analysis was completed (FlowCare Engineering, 2013a) 

on the East Fan Drift at the #3 Shaft potash station using the as built dimensions. The CFD 

coding and graphics in this section were generated by FlowCare Engineering. The analysis, 

interpretation, and application was performed by the author Looking specifically at the east fan 

installations, projected airstream velocity profiles were analyzed along the drifts for several 

installation locations as outlined in Figure 48. The volumetric flow rate through the drifts was 142 

m3/s (one half of the mine air volume in the shaft). The airstream exited the shaft bottom into the 

shaft crosscut, then turned 90 degrees into the fan drift, and then proceeded into the main 

workings delivering the air to the mine. Figure 48 shows the 3D model, and several vertical 

sections of velocity profiles. This model was run without fans to have a baseline to compare 

velocity profile trends. As can be seen, the airstream from the shaft compresses to the east wall of 

the fan drift, and stays tight to the inside of the corner before expanding at the section labeled 

Location C. 
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Figure 48 - Fan Location Study, Baseline Test 

(FlowCare Engineering, 2013a) 

F.2 Fan Location A – Fans 3 m Past EMF Corner, Inboard Side to Corner 

This scenario had the bulkhead installed close to the corner in the fan drift, with the fan inlets 

protruding just past the inner wall on the shaft side of the corner, illustrated in Figure 49. The fans 

were installed in the inboard side of the corner. Modeling showed that this was the more optimal 

location for the fans in the bulkhead, as opposed to the outboard side of the bulkhead. 

On the inlet side of the fans, the airstream exits the shaft, comes to the fan drift, and makes the 

left had turn into the drift. In the case of the analysis, it appears there is a small eddy-current in 

the immediate inside of the corner, just inside the fan drift. The airstream stays along the east 

wall, and enters the fans without any significant bias. 
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Figure 49 - Fan Location A - Inlet Perspective 

(FlowCare Engineering, 2013a) 

On the outlet side of the fans, Figure 50, the stream exits the fans with a skew to the north wall of 

the drift, and it appears small eddy-currents form along the south wall, causing some 

recirculation. The air stream then shifts back to the south wall, and makes the corner into the 

workings for the mine. 
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Figure 50 - Fan Location A - Outlet Perspective 

(FlowCare Engineering, 2013a) 

Looking further downstream into the mine workings beyond the last corner, the majority of the 

airstream will tend to stay along the east wall, eventually normalizing down the drift. This east-

wall high velocity skew is shown in Figure 51. 



 

 

 

141

 

Figure 51 - Fan Location A - Downstream Profile 

(FlowCare Engineering, 2013a) 

F.3 Fan Location B-1 – Fans 18 m Past EMF Corner, Inboard Side to Corner 

This scenario had the bulkhead installed just past the corner in the fan drift, with the fan inlets 

very near the apex of the curve along the inner wall on the shaft side of the corner. The fans were 

installed at the inboard side of the corner.  

On the inlet side of the fans, as displayed in Figure 52 , the airstream exits the shaft, comes to the 

fan drift, and makes the left hard turn into the drift. In the case of this analysis, it appears there is 

still a small eddy-current in the immediate inside of the corner, just inside the fan drift. The 

airstream stays along the east wall, and enters the fans without any significant bias. 
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Figure 52 - Fan Location B-1 - Inlet Perspective 

(FlowCare Engineering, 2013a) 

On the outlet side of the fans at Location B-1 the stream exits the fans with very little skew or 

bias to one side of the drift or the other, as seen in Figure 53. It appears that small eddy-currents 

form along the south wall, causing some recirculation, but this is much smaller than at Location 

A. The air stream resides for the majority in the middle of the drift, making the corner into the 

workings for the mine without major compression effects on the east wall, though the velocity 

profile does tend to trend along the east wall in the main mine drift. 
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Figure 53 - Fan Location B-1 - Outlet Perspective 

(FlowCare Engineering, 2013a) 

Looking further downstream into the mine workings beyond the last corner (Figure 54), the 

majority of the airstream will tend to stay along the east wall, as also seen at Location A, 

eventually normalizing down the drift. This east-wall high velocity skew is shown in Figure 54.  
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Figure 54 - Fan Location B-1 - Downstream Profile 

(FlowCare Engineering, 2013a) 

F.4 Fan Location B-2 - Fans 18 m Past EMF Corner, Outboard Side to Corner 

This scenario had the bulkhead installed just past the corner in the fan drift, with the fan inlets 

very near the apex of the curve but this time along the outer wall on the shaft side of the corner. 

The fans were installed at the outboard side of the corner.  

The inlet profiles varied very little from those analyzed for Location B-1 and are not included. 

The outlet profiles varied significantly, as seen in Figure 55 . The airstream model shows a 

significant skew toward the south wall, compressing the flow at the corner to the main mine 

workings, before being normalized down-drift. This trend to the east wall in the main workings 

drift is significantly more skewed than the model for Location B-1, creating a condition of local 

high air velocities. 
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Figure 55 - Fan Location B-2 - Outlet Perspective 

(FlowCare Engineering, 2013a) 

Analyzing the velocity profile down-drift (Figure 56), the majority of the airstream will tend to 

stay along the east wall, as also seen in Scenarios A and B-1, but with significantly more skew to 

the east wall than in Scenario B-1. 



 

 

 

146

 

Figure 56 - Fan Location B-2 - Downstream Profile 

(FlowCare Engineering, 2013a) 

F.5 Fan Location C – Fans 32 m Past EMF Corner, Inboard Side to Corner 

This scenario had the bulkhead installed well past the corner in the fan drift, with the fan inlets 

fully around the apex of the curve and along the inner wall on the shaft side of the corner, shown 

in Figure 57. The fans were installed at the inboard side of the corner. 

On the inlet side of the fans, the airstream exits the shaft, comes to the fan drift, and makes the 

left hard turn into the drift. In the case of this analysis, it appears that there is still a small eddy-

current in the immediate inside of the corner, just inside the fan drift. This current is the same 

among all CFD models. The airstream stays along the east wall, and enters the fans without any 

significant bias, as seen in Figure 57. 
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Figure 57 - Fan Location C - Inlet Perspective 

(FlowCare Engineering, 2013a) 

On the outlet side of the fans at Location C (Figure 58) the stream exits the fans with a bias to the 

south side of the drift, as also seen at Location B-2. It appears that small eddy-currents form 

along the north wall, causing some recirculation. The air stream resides for the majority in the 

middle of the drift, with less skew than at Location B-2 in the fan drift, but in the same way, high 

velocity air trending down the east wall in the main workings. 
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Figure 58 - Fan Location C - Outlet Perspective 

(FlowCare Engineering, 2013a) 

Looking further downstream into the mine workings beyond the last corner (Figure 59), the 

majority of the airstream will tend to stay along the east wall, as also seen at Location A, 

eventually normalizing down the drift. This east-wall high velocity skew is shown in Figure 59.  
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Figure 59 - Fan Location C - Downstream Profile 

(FlowCare Engineering, 2013a) 

F.6 Skew  

In addition to the CFD analyses shown, a quantitative number was taken from the models looking 

at the skew in the profile. This skew is also called the ‘velocity distortion value’ and is referenced 

in AMCA Standard 803-02 (Air Movement and Control Association International, Inc., 2008). 

The value provides a method of applying the principles of standard deviation to a velocity 

distribution in order to assess the amount of non-uniformity (a perfectly uniform velocity field 

would have a distortion value of 0%). The velocity distortion analysis is shown in Table 35 

(FlowCare Engineering, 2013a). Ideally, the skew is minimized in both the horizontal and vertical 

directions. Using this, fans installed at Location B-1 or B-2 are the best option. 
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Table 35- Skew and Bias Statistics 

 

(FlowCare Engineering, 2013a) 
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F.7 High Resolution Outlet Analysis and Conclusions 

A specific analysis on the outlet side velocity profiles of fans installed at Location B-1 was 

performed, looking at the velocities at the intersection where the fan exhaust will meet the main 

workings travel way. The main workings will serve as access to the mine for personnel and 

materials, so the high-velocity airstream could cause some issues with particle entrainment for 

passers-by. The CFD model in Figure 60 shows that the airstream has semi-normalized and 

expanded at the intersection. The peak velocity of the stream is estimated at around 7 m/s. This 

velocity is still quite high, but shouldn’t put workers at risk of particles being entrained in the 

airstream and blasting them. 

 

Figure 60 - Location B-1 - High Resolution Analysis - Outlet Perspective 

(FlowCare Engineering, 2013a) 

Location B-1 was the best analyzed location for the fan bulkhead installation. This location was 

concluded to be the best based on the prediction of non-biased inlet airstream velocity profiles, as 

well as the projected outlet airstream velocity profile that shows the best (least) interaction with 

the downstream walls, as well as the lowest velocity distortion values. 
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Appendix G 

Sound Level Testing and Summary 
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G.1 Introduction 

Appendix G is included to present the detailed work of selecting the ideal locations for the #3 

Shaft underground boosters from an ‘environmental’ perspective. Due to the proximity of the fan 

installations to the #3 Shaft station area, a focus was put on sound attenuation when designing the 

underground booster fans. The shaft station is classified as a work area for many people, and 

exposing these people to consistently elevated sound levels (long term) was a concern to the 

mine. Testing was completed to estimate the required silencing mitigation prior to fan design. 

Sound testing was performed by the author in-mine in conjunction with Hurley Ventilation 

Technologies staff. Interpretation and application was performed by the author.   

G.1.1 Airhorn Testing 

A sound drop test was performed in conjunction with the fan vendor at the proposed installation 

location to determine how drift geometry would affect the sound drops over distances. Using an 

airhorn as the acoustic source, noise was released at the approximate location of the main fans, 

and sound bandwidth measurements were taken at various distances away from the source. This 

test is summarized in Figure 61.  
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Figure 61 - Airhorn Sound Sample Data 
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G.1.2 Fan Testing and Existing Installations 

In conjunction with this test, a sound frequency spectrum analysis was also completed on a free-

standing auxiliary fan in the mine to compare the difference in frequencies between the fan and 

the airhorn as sound sources (confirming or denying the transferability of the data from the 

airhorn tests). The airhorn produced higher sound level readings in the upper frequency range 

when compared to the fan, and the fan produced higher readings in the lower frequency range. 

The airhorn produced sound readings about 10dB higher in the human speech range (2kHz to 

4kHz). This fan was an HVT 38-30-1800 series fan with inlet and outlet silencers installed. A 

sound drop test also performed analyzed the sound pressure levels and frequencies at various 

distances from the fan. At 1 m from the fan, the sound pressure level (SPL) was 94.8dBa. At a 

distance of 12.5 m, it fell below the Occupational Health and Safety regulations for hearing 

protection to 83dBa (limit of 85dBa (The Government of Saskatchewan, 1996)), and at 26 m fell 

below the PotashCorp policy limit for hearing protection at 79.9dBa (policy at 80dBa). At 52 m, 

the sound level had dropped 18dBa. The collected data was produced into a chart and table as 

seen in Figure 62. 
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Figure 62 - HVT 38-18-1800 Sound Test Data 
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A sound pressure test was also completed on the existing north fresh air fans installed 

underground at the bottom of the #2 Shaft. There are two HVT 54-30-1800 fans installed in a 

parallel at this location. Test results are presented in Table 36. Based on the sample data, the 

silencers installed at the #3 Shaft bottom should be designed to reduce sound at the fan to 95 dBa, 

and a minimum of 60 meters of distance would be required to achieve a sound level less than 85 

dBA, to comply with Occupational Health and Safety Regulation 99.1, and avoid the need for 

hearing protection at the shaft station area as per Occupational Health and Safety Regulation 112 

(The Government of Saskatchewan, 1996). In order to meet the estimated sound levels the fans 

were designed with cylindrical inlet silencers and the perimeter surfaces of the exit cones were 

outfitted similarly with sound absorbing material. Silencing pods were also installed on both the 

inlet and outlet sides of the rotor and motor area, as depicted in Appendix D, Figure 35. 

Verification of the attenuation design was completed upon the first installation of the new fans 

underground (the #1 Shaft Underground booster fans). This data is presented in Table 36. 

Comparing the data to the north fresh air fans, it appears that the silencing pods are beneficial in 

reducing noise, and the source volume is considerably lower on the new (but much larger) fans.  
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Table 36 - Field Data from Underground Fan Installations 

 
 

Distance From Fan

North Fresh Air 
Fans Average 
Sound Level 

Reading (dBA) Δ Distance (m) Δ Sound Drop (dBA)

New #1 Shaft 
Exhaust Fans 

Average Sound 
Level Reading 

(dBA) Δ Distance (m) Δ Sound Drop (dBA)
0 m - - - 98.5 - -

15 m 93.35 15 - 94 15 4.5
30 m 93.55 15 0.2 89 15 5
45 m 86.5 15 -7.05 85 15 4
60 m 85.95 15 -0.55 78 15 7
75 74 15 4
90 69 15 5
105 64 15 5

BLUE LINES ARE FORECAST BY SOUND DECAY TRENDLINE

Distance From Fan

North Fresh Air 
Fans Average 
Sound Level 

Reading (dBA) Δ Distance (m) Δ Sound Drop (dBA)

New #1 Shaft 
Exhaust Fans 

Average Sound 
Level Reading 

(dBA) Δ Distance (m) Δ Sound Drop (dBA)
0 m - - - 100 - -

15 m 104.25 15 - 96 15 4
30 m 100.35 15 -3.9 92 15 4
45 m 97.85 15 -2.5 91 15 1
60 m 97.45 15 -0.4 87 15 4
75 m - - - 85 15 2
90 82 15 3
105 79 15 3
120 76 15 3

BLUE LINES ARE FORECAST BY SOUND DECAY TRENDLINE

Outlet Side

Inlet Side

Sound Meter Readings - PCS Rocanville North Fresh Air Fans (2xHVT 54-26-1800) vs. PCS Rocanville New #1 Shaft Exhaust Fans (2xHVT 78-30-1200)

y = -0.1962x + 99.19
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Using the sound level samples obtained at this installation, a contour map was modeled for the 

Scissors Creek Shaft area (Figure 63). Sound levels are predicted to be below 85 dBa in the shaft 

cross cut as intended. Downstream of the fans, estimated sound levels show that hearing 

protection is still required by law just through the intersection where the airstream turns into the 

main travelway. This is a short distance, and therefore presents a small area of exposure, which 

will require signage to ensure that the hazard is communicated to workers. 
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Figure 63 - The #3 Shaft Area - Estimated dBA Contour Map 


