Open Stope Mining

	
	Small ore bodies are often mined completely out, leaving no pillar of ore in place to support the walls of the stope. In some kinds of rock, it is possible to mine out huge stopes which stand open for years. Where some of the ore body is left in place as random pillars to support walls, the material is low-grade wherever possible because it may never be removed from the mine. Sometimes, after open stoping a mine, the pillars are "robbed" just before abandoning that portion of the mine, and the collapse of the stope walls is of no concern to the operation.
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Room & Pillar Mining
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	Room and pillar mining is commonly done in flat or gently dipping bedded ores. Pillars are left in place in a regular pattern while the rooms are mined out. In many room and pillar mines, the pillars are taken out, starting at the farthest point from the mine haulage exit, retreating, and letting the roof come down upon the floor. Room and pillar methods are well adapted to mechanization, and are used in deposits such as coal, potash, phosphate, salt, oil, shale, and bedded uranium ores.
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Sublevel Mining
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	A method in which the ore is blasted from sublevels and removed from the level below. Many sub-levels are located between levels. Requires a long development time but produces high tonnage once in production. This method is largely confined to steep dips and to orebodies permitting either long-hole benching or ring drilling practice.
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On the basis of safety, costs, and flexibility, practice at present appears to favour ring drilling over benching. Sublevel stopes depend on large stope dimensions. The orebody can mined as longitudinal or traverse stopes.



Cut & Fill Mining
The purpose of mechanized cut and fill mining is to safely extract relatively high grade ore from an irregular orebody with minimum dilution. 
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In cut and fill mining, the ore is excavated in horizontal in horizontal slices, starting at the bottom (sill) of a stope and advancing upwards (crown).
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The ore is removed from the stope with mechanized mobile equipment. When a slice of ore has been mined, hydraulically placed sandfill is poured into the mined out area and serves both as a floor when the next slice is mined out and as support for the walls.
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Each horizontal slice (or cut) is mined 8 - 9 feet thick, by downbreak blasting, with about 10 feet advance each blast. This downbreaking is commonly called breasting. 
Shrinkage Mining
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	A mining method in which ore is mined from a vein from the bottom up. First, a drift is dug at one level of the vein. Progressively higher levels are blasted and allowed to fill in much of the void (except for a working space). Since broken up rock has air spaces between the pieces, the overall volume is larger than the original vein, so broken ore must be removed from the vein with each cut.


	The miners are always working on a surface of broken up ore. Eventually, the entire vein has been blasted and is filled with broken ore. The miners then pull out and extract the broken up ore by a process similar to block caving. Shrink stoping is used for high-grade vein orebodies. 
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Square-Set Mining
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	The square-set method is used where the ore is weak, and the walls are not strong enough to support themselves. The value of the ore must be relatively high, for square-setting is slow, expensive, and requires highly skilled miners and supervisors. In square-set stoping, one small block of ore is removed and replaced by a "set" or cubic frame of timber which is immediately set into place. 
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	The timber sets interlock and are filled with broken waste rock or sand fill, for they are not strong enough to support the stope walls. The waste rock or sand fill is usually added after one tier of sets, or stope cut, is made. 


Topslice Mining
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	The mining of the orebody starts at the top and proceeds in 10 high slices downward. The ore removed at the level below. The cover ore above the mining area is caved after each slice is removed.


	This method is limited to that type of ground which precludes overhand mining as the back cannot be relied upon for self-support over limited mining spans. The cover rock is separated from the mining operation and controlled by a timber mat reinforced with wire mesh screening. The mat is established on the  first cut. As the cut advances suporting timbers behind the face   are pulled to induce an even subsidence. With the mat established this timber and that on subsequent cuts is left to reinforce it. The control provided permits mining to a grade approximating that of the ore in place.
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Sublevel Caving
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	Sublevel caving resembles top slicing except that the mining floors are spaced further apart. Not only the overlying rock but part of the ore is also caved. The cap rock and ore must be weak enough to cave easily.


	


Block Caving Mining
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	Block Caving is a mining method in which ore is allowed to collapse due to its own weight in a controlled fashion into chutes. Block caving is usually used to mine large orebodies that have consistent grade throughout.


	A thick block of ore is undercut by removing a slice of ore. The un-supported block of ore breaks and caves under its own weight. The broken ore is drawn off from below as the caved mass falls due to gravity.
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Solution Caving
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	Solution mining techniques are used for extracting soluble ores such as potash and salt in situations where conventional mining methods would not be economic. Total solution of all the mineral is not always accomplished. Sulfur is mined by the Frasch process, using steam to melt the sulfur and bring it to the surface through bore holes. The future of solution mining appears promising, for there is constant improvement in equipment, solvent, and in technology of breaking rock in place and controlling the movements of fluids through it.


	In mining salt, potash, and sulfur, the overburden and surface over it subside. Subsidence it desirable, because it increases the solution of mineral, and destroys voids, reducing the amount of solution required and the time needed for it to act.
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Undercut & Fill Mining
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	In the Undercut & Fill mining method, mining is carried on from the top down. The reason for doing this is to have some kind of artificial back or roof support of known strength characteristics so workers will not be exposed to overhead weak ore and wall rock.


	To cut down on the amount of timber required and to provide a better overhead structure, cemented sandfill is used.This method is similiar to the Cut & Fill method, except that after the cut has been completed, heavy caps or stulls are placed on the floor of the cleaned out cut. They are wedged and pinned firmly in place. The stulls are placed 5-6' apart. Wire mesh and fabrene is installed on top of the stulls then sandfill is poured in.
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This method requires much more timber preparation than the ordinary untimbered cut & fill. However, the absence of posts increases the efficiency of mucking equipment.
In wider undercut & fill stopes, 8' panels are mined and filled individually, until the complete cut is mined out.



Vertical Crater Retreat

Blasthole mining is a general term applied to mining methods that employ long hole drilling for the production of ore. In most Blasthole methods the ore is blasted into a vertical opening. In most blasthole methods the ore is blasted into a vertical opening. The blastholes may be small diameter long hole carbide drill holes or larger diameter holes drilled with in-the-hole (ITH) drills, or they may be a combination of both. 
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Vertcial crater retreat is a comparatively new method of blasthole mining in which only large diamter ITH holes are used to blast down horizontal slices of ore into an opening below the block of ore being mined. The method on the 'cratering' effect of an explosive charge being blasted close to the end of the hole. Mining retreats vertically as successive horizontal slices are blasted. 

In the case of narrow stopes where hole deterioration is a problem, a slot is brought up at one end of the block via cratering and the remainder of the block is slashed into it. Mining retreats horizontally as successive vertical slices are blasted. 
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Vertical block mining is the term most often used for this method. In VBM the workplace is divided into a series of vertical blocks and the blocks may be nined on a retreat basis working from the ends of the workplace. This may be repeated on several different horizons in an extensive VBM area. 

VBM Design 

	Improvements
	Pro's

	- Increased productivity
- Increased production rate/workplace
- Reduced total operating costs
- Improved working conditions
	- Flexibility to follow changes in Strike/Dip
- adaptable to existing workplaces
- Maximize ore recovery
- Mininize dilution of rock/sand
- Improve ground conditions
- Minimize secondary mining
- Increase equipment utilization
- Minimize capital expenditures


Advantages over Cut & Fill Methods 

Vertical Block Mining provides 3 distinct advantages over Cut & Fill Methods: 

· SAFETY 

- a reduction of the exposure to open ground conditions and an improved workplace environment.

· PRODUCTIVITY 

- increased versatility by providing multiple headings.

· COST 

- a saving of ground conditioning materials

Layout for a Large New Area 

Multi-level longitudinal VBM, consists of a bottom sill, several top sills driven as sublevels, a footwall ramp access connecting the sublevels and raise bored ore passes. The bottom sill is a new sill driven through the orebody. The access ramp is driven from the top level in the footwall rock, and connects each sublevel driven through the orebody. Each sublevel is reinforced with grouted cable bolts. Two bored raises are driven from the top level to the haulage level below, intersecting the ramp at various intervals. One serves as a rock pass and one as an ore pass. The mining sequence may be on a retreat pattern from the ends of the orebody; and will be ccled so that several blocks will be in the same phase simultaneously. 

EQUIPMENT 

	Development
	Production

	Gardner Denver 2 Boom Electric Jumbo
Atlas Copco 3 Boom Jumbo
Jackleg/Stoper
Gardner Denver DH-123 LCD Drills
Boart Cable Bolting Drill Carrier
Scooptrams
Anfo Loader
	Mission ITH Drill
Ingersoll-Rand ITH Drill
GO-60 ITH Drill
R.C. Scooptrams
L.H.D. R.C. Drill


How the Method Works 

The mining cycle of a V.B.M. mining area is divided into 5 steps: 

· - Development 

· - Production drilling 

· - Loading/blasting 

· - Ore removal 

· - Sandfilling

Stull Mining
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This mining method depends on pillars for mass support and upon stoping spans which are largely self-supporting. Stulls are installed in a geometric pattern to carry working floors, to form the base for chute and manway linings, and to support local loose as may develop. 
The method has been used on flat dips, but its widest application has been on steep dips where in narrow ore it competes with shrinkage stoping, perhaps most effectively in small orebodies and when wage rates are low. It does not require the broken reserve essential with shrinkage stoping, but compared with shrinkage stoping its greatest advantage is when widths are narrow enough to obstruct the free flow of shrinkage ore. This condition also involves the lowest unit cost for timber. 
Through the stoping area the levels are carried on the crown pillars of stopes structure below and level intervals in continuous ore will vary from 100 to 150 feet. 
The pillar structure must be based on a percentage of support which will ensure stability of the area as a whole. If the spans between crown pillars are excessive for the ground the horizontal span may be shortened by introducing rib pillars. 
Occasionally in the final pulling of very narrow shrinkage stopes, as the ore is drawn down the placing of stulls follows in an effort to hold the walls in place and minimize dilution. This represents a compromise with stull stoping prior to a change of method usually from shrinkage to some form of cut-and-fill. 


Slusher Mining
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	Although not an actual mining method, the use of slushers for removing ore from drawpoints and pillar stopes was common in the past. 

A slusher is essentially a double drum hoist. Slushers may have either electric or compressed air motors of 5 to 125 hp.


	One cable of the slusher is attached to the front of the scraper so that it can be pulled towards the slusher and an orepass. The other cable goes around a block securely fastened in the far end if the slusher drift or pillar and is attached to the back of the scraper. Pulling this cable brings the bucket toward the end of the drift or pillar for another load. As the scraper is dragged across the muck pile, the ore is pulled into an ore pass or into an ore car.
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Gloryhole Mining
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Gloryhole is commonly a term used when underground caving methods extend to surface. Subsidence over the caved area can be carried to surface, allowing the ore to cave downward to drawpoints below. 


