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accuracy of the m easurements is given. By leas t-square analysis different types of curves have 
been fitted to the data for velocity versus time. The best fit obtained so-far has been with 
hyperbolae. The confidence of extrapolations from such curves is discussed in relation to 
forecasts. By evaluating repeated photographs taken by an automatic camera from a single 
position, using a stereo plotter, the flow pattern has been established at the surface, part of the 
front, a nd one of the lateral faces of the ice mass. Changes with time caused by the deforma
tion of the ice mass, the formation of crevasses and the crumbling away of the ice at the edge 
have been observed. 
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ABSTRACT. In sub-level caving mining op erations, the lateral walls cave in. This results 
in dilution of the mineral content of the produced ore by 15 %-20% waste rock. Also 15%-
20 % of the valuable ores are lost in the caved wall material that is left behind in the mined-out 
rooms. Placing ice, in the form of a small glacier, in the mine-room before the lateral walls 
start to cave, p ermit complete recovery of ore r eserves without dilution. The glacier will 
advance at a rate permitted by ore extraction processes, in accordance with glaciological 
theories and laws. 

Volumes of ice that are required may be calculated from ore extraction rates, power 
consumed in the mine, ventilating air volumes and temperatures, specific heat and thermal 
conductivity of the lateral rock. The required ice volumes can be produced through natural 
freezing of water, where the winter temperatures regularly fall below o°C for a predictable 
period every winter. Use of ice as a mining aid reduces costs of the ore extr<1ction process by 
about one-third and increases value of the produced ore by about 20 %. Thus, the value of a 
given orebody is increased by about 30% relative to the values experienced in the most 
efficient mines of today. 

DIS C USSION 

J. W. GLEN: How safe are the procedures you are proposing ? Is there a danger of ice falling 
on the men or machinery mining below ? Is there a danger of running out of ice at the top 
with consequent rock-wall falls ? 

H. F ANGEL: The proposed procedures are as safe as tunnelling, and safer than any other 
known mining method. Men and equipment will never enter under uncontrolled roof nor 
have to load or secondarily blast caved rock, because they do not occur, according to the 
method. M en and machines will not have to work outside the cross cuts or drifts. I ce pressures 
against piles of blasted ore in the ore-extraction zone are high and ice is found in its plas tic 
state. The whole process is based on and depends upon the ice having the potential of moving 
into the mine void faster than extraction rates plus melting losses. 

A reservoir of ice ought to be produced in the pit (or day opening) in order to bridge mild 
winters or water shortages. In later stages of the life of an ore body when it is assured that the 
volumes of ice already inside the mine will last for the whole remaining life of the mine, 
further provisions of ice may be suspended. If the rock wall should cave in , this will in no way 
influence the operations deep inside the mine. Actually, closure of the mine and termination 
of operations may be prepared by dumping waste-rock, tailings, etc. on top of the ice, and 
then filling up the open-pit to prepare for reclamation of the mine site. 
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