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Those of you that have been following the reports of the trapped miners at the Crandall Canyon
Mine in Utah may have read that there is some debate as to whether the incident was caused by
the mining itself, or whether it was a naturally induced earthquake. Also you may not understand
what the mine is describing as “retreat mining.” And so I thought to write a short description that
explains both, without dealing specifically with the details of what is happening in Utah, for which
I do not have specific information. There is, however, a basic mine map at the NYT site that I am
going to use as a reference.

The latest information from the MSHA website reports

Friday, August 10, 7 a.m. EDT
The small vertical drill bit punched through to the mine on Thursday night at 11:57 pm
EDT. The large rotary drill has reached a depth of 1,016 feet. A microphone was lowered
into the cavity through the drill stem, and no human noise was detected.

UPDATE: One of the questions that arises in this type of situation is to see what caused the
blockage of the passageways to where the miners were working. If you look at the first picture in
the Reuters series shown on Friday it would appear that the rubble pile is caused by the floor
lifting. This is the equivalent of the pillars punching through the floor, which they could do if they
were loaded up, since the floor can be the weakest of the three components (roof, coal and floor
rock). If this is the case, it is not clear how extensive that blockage is. But you can see that the
roof rock appears intact. They may well have run the drill down through the cavity to see how
much room there is in the area where the men are expected to be.

First of all I am going to explain how “bumps”, which is what the MSHA site is calling this, can
occur, in the general sense of what are more generally known as rock bursts. I am going to relate
this to the seismic signals that they can generate, and then I will describe retreat mining in
general.

To begin as you drive tunnels deeper into the ground, so the weight of the overlying rock or cover
increases. As a very simple rule of thumb we calcuate that it increases by about 1 pound per
square inch (psi) for every foot that you go deeper. So that, at a depth of 1,500 ft, the pressure of
the cover on the rock is, at background, 1,500 psi.

Now when we drive a series of tunnels or entries, into the coal, we leave pillars to hold up the roof.
Taking illustrations from the earlier post on Room and Pillar Mining we have simplistically this
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picture.

Overview of a room and pillar mining operation - the blue machine is a continous miner, which
mines the coal and loads it into one of the two tan vehicles, which are shuttle cars. These carry the
coal to the conveyor belt in the lower part of the picture. The yellow lines are temporary curtains
to control the air flow around the mining.

Now if, for the sake of illustration, the pillars are 60 ft on each side, and the entries and cross-cuts
(the tunnels that run between the entries) are 20 ft wide, then the pillars have to carry the
weight of the cover that used to be carried by the mined coal. This increases the load on that coal,
so that that the 3600 sq ft pillar is carrying 6400 sq ft of overlying rock. Thus the pressure on the
coal pillar goes from 1,500 psi to (1500 x 6400/3600) 2,670 psi. (And for those who are
knowledgeable about this I know that I am being very simplistic, but I think this will serve the
purpose).

As mining progresses, for various reasons, (some of which I will discuss later) this base load on
the pillar can increase to the point that the coal fails. As a general rule this is not unexpected and
is designed for in the mining plan. The coal crushes, but in just the same way as you can put your
hand on a pile of soil and push and the soil will hold your weight (because it is held in place by the
soil around it) so the crushed coal can still carry the weight of overlying rock.

It is, however, in this failure that we can sometimes run into a problem. Normally as you apply
increasing levels of load to a rock it will start to develop internal cracks as the load gets over
around 60% of the ultimate load at which it will fail. These cracks grow bigger as the load gets up
to failure load, and can be detected locally with the right instruments. The growth of these cracks
in the rock as the load increases means that failure becomes more of a gradual process, and the
energy of failure is released over time without any violent result, and the coal or rock, once failed
generally stays in about the same place (unless it is falling out of the roof).

Occasionally however you have a stronger, or more brittle rock that is part of the pillar or
immediate roof or floor, rather than the softer, more crushable, normal rock. This does not follow
the more general path but builds up energy as the load increases, without much intermediate
cracking, and then we may get what we know as a rock burst –“ that phenomenon which occurs
when a volume of rock is strained beyond the elastic limit, and the accompanying failure is of such
a nature that the accumulated energy is released instantaneously.”

Generally these rock bursts are more common in very deep mines, with very strong rock, such
as, for example, in the gold mines in India, or South Africa. To the extent that it is a sequence of
events where the energy is stored in the rock, and then suddenly released when the rock fails, it
is very like an earthquake, and can generate seismic signals of considerable size. For example in
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the potash mines around Merkers in Germany the stress concentrates in one of the rocks
(carnallite), while the salt around it failed, and so when this stronger rock failed, in March 1989 it
generated a seismic signal equivalent to a 5.7 earthquake. Earlier events in that area had been
strong enough to be registered in Constantinople, some 1200 miles away. Rockburst energy in
South Africa has been measured as being the equivalent to the detonation of 2,000 tons of TNT.
Most events are much smaller, however, and those mines might see, over six months, only 7 or 8
events that measure over 50,000 ft-lbs of energy (i.e. 25 lbs of dynamite) with about 90 being
measured seismically.

Normally coal will undergo the more gentle crushing, without storing the large volumes of energy
that create a burst, or bump. But as coal quality improves, and also if there is some gas present in
the coal, energy can be stored in sufficient quantity that when the coal fails, it is a more sudden
collapse with a greater energy release rate that can cause both a strong seismic event, but also
throw debris from the failure a considerable distance. Failures at this level can also create a very
strong air shock in the mine, as well as the physical projection of rock, and this can, itself, do
considerable damage. One of the ways in which you can tell if the rock is likely to be under a high
enough stress to fail, yet not crushing is that, when you drill holes into it, the rock around the hole
breaks into it from the sides, during the drilling operation. However, at the same time, if there
was a nearby natural earthquake that suddenly threw an additional load onto the pillar, then this
sharp increase in load can occur faster than the normal cracking can dissipate the stored energy,
and again the failure may be a more sudden release of the contained energy, giving a mine burst.

So what is retreat mining? Well after the mining has reached as far as it can in the seam (such as
reaching the boundary of the leased land for example), the removal of coal between the pillars has
still left 57% of the coal still in place, using the sizes discussed above. If we can safely mine some of
the coal from the pillars as the mine retreats back from the edge of the property, then even if the
roof collapses behind the operation, we can increase the total amount recovered. This is an
operation that is fairly tightly regulated, since it is pulling away the supports from the roof, as the
mining goes on. One of the simplest ways of doing this is to run the mining machine (the
continuous miner) up the middle of the coal pillar, mining out the center, but leaving the two
wings in place.

Simplified view of retreat mining. In the picture the continuous miner has split the pillar to the
left, and is now splitting the second pillar in the row. The previous row of pillars have collapsed,
and the overlying rock has fallen on top of the remains. As the broken rock falls and breaks it
bulks up so that, over time and as the area grows, it will carry the weight of rock higher above the
seam, reducing the weight that must be carried by the remaining pillars.
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There are a number of different ways the immediate roof can be held up while this is taking place.
One is to build wooden cribs that give support, another is to install small concrete columns, and a
third is to use moveable hydraulic roof supports of the same type that hold the immediate roof up
behind a longwall face .

The ones that are used in retreat mining are a little taller and thinner, but hopefully you can
understand that they can be placed in the area around the working area, to hold up the roof, as
the coal is removed from the body of the pillar.

Because the roof rock, in the area that has been mined out, collapses into the space left, and
breaks into pieces that fill the void, the overlying rock that the supports carry may not be
required to hold all the rock going up to the surface, but only that bit until the overlying beams
come down onto the broken rock in the abandoned area. This is normally only a few seam sections
high, and thus, the supports don't have to be that large for the temporary support of the roof,
around the mining machine (which is usually operated remotely).

Hopefully this gives a little more meaning to some of the terms that are being used. For the
present our thoughts and prayers remain with those trapped, in the hopes that they will be
rescued soon and safe.

 This work is licensed under a Creative Commons Attribution-Share Alike
3.0 United States License.
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