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Times are changing in the coal trade, and while April marked the end of one era (the last pit pony
in the UK died), on the other had we have the renewed interest, and debate over, the use of coal
as a source of liquid fuels for a variety of vehicles, including aircraft. So I thought it worth trotting
out some more facts that might help put the current (and future) situations in context. (Plus we
haven't had a Techie talk in a bit).

The late Bob Stefanko has written that the Great Dismal Swamp is probably the best current
place that represents the type of conditions under which, back in Carboniferous times (about 355
to 290 million years ago) the various vegetative fragments fall into the water, and are slowly
compressing to form a layer of peat. The peat layer in the swamp is about 7 ft thick, which would
convert to about 20 inches of coal. The swamp is slowly sinking, allowing the vegetative mat to
continue to deepen and slowly built to a greater thickness. Back in the Carboniferous he noted
that the speed at which the layers formed was likely about twice that at which the current Swamp
is growing, and that, due to the different levels of pressure required to form them, it would have
taken about 160 years to lay down what is now a 1 ft thick layer of lignite; 260 years for a foot of
bituminous, and about 490 years for a foot of anthracite. Since it is more worthwhile to mine
thicker coal, and eight-feet is a nice working height, this would have required about 2,100 years
of steady growth to lay down the layer of vegetation that formed the Pittsburgh seam in
Pennsylvania. The original areas over which these forests and swamps grew were vast, and the
cycles of deposition grew as the land distorted, with multiple seams being deposited in some
cases, and a single thick seam in others. But how has it survived? How much is really there, and
how much can we actually produce?

I thought I would split those questions into two bits, with the actual numbers coming in the
second post, while, with this one, I’d try and explain some of the reasons why, while oil companies
often get more oil out of the ground than they anticipate, it is often the other way out when you
are mining for coal.

So, consider, if you will, the map from the site above, that shows back in Serpukhovian times that
the planet looked a lot different than it does now.
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Shape of the world at the time that the coal seams were laid down.

With all the continents together, as they were, they have had to travel a considerable distance
over the past 300-odd million years to get to where they are today. Along the way they have
bumped into each other, and in the process caused mountain ranges to rise, and fall, and there has
been quite considerable erosion of the surface between times. And when the land fell then the
seas would deposit more layers of rock, so that the coal as it was formed by the pressure of the
rocks that overlay it, would change into the different types of coal that we know today.

Even though the original coal material was laid down horizontally, as the continents moved these
rocks became folded and tilted. Thus, for example, in Washington State beds, and in Colorado coal
seams may end up lying at very steep angles. The geological way of expressing this is to talk
about the dip of the seam, that being the maximum angle to the horizontal, while the strike of the
seam is the line along the horizontal perpendicular to the dip. Thus beds in Washington State may
dip at between 20 and 60 degrees.

Vertical slice through an area of Washington State showing the way that the coal seams dip.

There are considerable problems when the seam gets to dip more than a few degrees. Bear in
mind that machines don’t easily move around slopes that are more than fifteen degrees, and you
might understand why, for example, it has been very difficult to mechanize the mines of what
once were the most productive in the Soviet Union, but now belong to Ukraine . These are the
mines of the Donetsk Coal Basin, where
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During the communist era , this region produced most of the Soviet Union's coal, and
reaped the high wages and prestige that came with it. Statues of miners were erected in
squares; villages were named after famous engineers.
The tide began to turn in the last 20 years of Soviet rule, when the flow of funds from
Moscow dried up. After communism's fall, the mines were exposed as the money-losers
they are, at the same time that economic pressures devastated their customers. In a
decade, the demand for Ukrainian coal dropped 45 percent.
Now Donbass is clinging to the two-thirds of its industry that remains. Viktor
Yanukovich, the regional governor, said in an interview last month that another 30 of
the region's 89 mines would eventually have to close. But he said he needed at least five
years to accomplish that and needed an average of $18 million per mine to provide the
miners benefits, retrain them and safely close the pits. "I am not against closing down
the mines," he said. "But not as it was done before."
Talk of closure is anathema to Anatoli Goncharov, the director of Gaegova mine, which is
located in a bleak village outside Donetsk. His mine produces 360,000 tons of coal per
year, less than half what it did in the mid-1980s. Because of the steep angle of the seam,
half of coal must be extracted by hand, with hammers.
It costs the mine nearly $30 to produce a ton of coal -- $11.50 more than the coal is
selling for. Even with $2.7 million in state subsidies last year, the mine failed to break
even. The Ministry of Fuel and Energy has put it on a list of pits that cannot be saved,
the mine director acknowledged.

(Note that the story is from 2002).

Coal seams can be mined as deep as 4,500 ft, but the methane and other problems (including
keeping the roof from falling in) have made these difficult conditions to work in, so that while
there is still coal in the ground, it is becoming increasingly uneconomic, under present conditions,
to extract it.

So one of the first problems that the mining engineer has in determining whether to count coal as
a reserve is whether or not it is either practical or economic to mine it. This means that, in
general, it must be machine mineable, since the productivity of a human miner is no longer
sufficient, in many countries, to cover the costs of labor and support.

The second problem is to ensure that there is enough of it. And so before deciding to mine the
company will drill cores down to the coal seam over the planned area that will be mined. These
don’t, at first sight, need to be that close, since the initial intent is just to see what is there and
that it goes out far enough to make it worth while to sink the mining shaft (which costs several
million dollars).

However, even the best attempts at accuracy with this planning do not necessarily work out.
Consider for example, the case of the mine at Glenrothes in Scotland.

The primary reason for the designation of Glenrothes was to house miners who where to
work at a new super coal mine. This was to be the most modern of the day and was built
west of Thornton, an established village south of Glenrothes. The Super Pit was named
the Rothes Colliery and it was officially opened by the Queen in 1957. Iconic
photographs of the young Queen going down the Rothes Colliery in an all-white boiler
suit and helmet are still regularly shown in programmes about the royal family. About
5,000 miners were to be required to produce 5,000 tonnes of coal per day, and huge
railway yards were established. The pit was to have a working life of 100 years. The
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planned long-term benefits were to be huge, and the driver for economic regeneration
for central Fife. In 1961, 4 years after opening, the huge investment was written off and
the mine run down because of un-stemmable flooding.

There were actually a couple of problems at the mine that could not easily have been foreseen by
the drilling pattern. If you look back up at the picture of the Washington coal seams you will see
the almost vertical line in the middle of the picture, with the black lines representing the coal
seams vertically offset one from the other on either side of it. This is what is called a “fault”, and
over the course of time the rock was moved to the point that it broke here and created this
fracture in the ground. The rock then moved on one side relative to the other. (Like, on a very
small scale, the movement that occurs across a major Earth fault when there is an earthquake).

You have mined to x and meet a fault, did the coal go to a or b? How do you know?

With the movement the rock that lies along the fault gets crushed, which can make it easier for
water to flow through. So that if some of the rock, on either side of the coal seam, contained water,
then when the mining operation reached to fault, then water could flow through the fault into the
mine. There is also another problem. Say you are in charge of the driving of the tunnel that
reaches the fault. Suddenly, in front of you, the coal turns into rock. You realize that you have hit
a fault, but which way did the coal go – did the ground hade (move) down, or up. The rational way
to find out is to drill up or down until you find where it went. Well that takes time, and money, but
the worst isn’t over yet. Now you have to move the mining operation that say 20 ft that the coal
has moved up. This means driving tunnels upwards, then moving the equipment up, and then
recreating the mining pattern, and then moving on. All this development has been in rock, so you
haven’t been earning any money from the area while this was going on. And if the difference in
height is too great, then the area is abandoned for the time being.

What happened at Glenrothes was that the ground had a lot of these very small faults. They were
not apparent from the initial cores, which were quite widely spaced, but over a period of four
years they were found sufficiently often, and with a lot of water in them, that it became
uneconomic to continue to operate the mine. The mine was estimated to have reserves of 183
million tons of coal, to be able to produce a million tons a year, and to have an operational life of
100 years. In the five years of its life it produced around 700,000 tons in total. (The full story of
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the mine – which had many problems that I have glossed over – can be found in The
Disappearing Scottish Colliery by Robert Halliday.)

There are a couple of other problems that happened at Genrothes that are also fairly common,
but that can make life miserable for the miner. Let us go back to when the coal was first still
vegetation in the swamp. Swamps are not great flat growing areas that are all even. Streams
work their way through, cutting channels through the peat and filling them, often with sand, or
other material washed down from local hills. There are dirt hillocks and, after storms the land
might be flooded with layers of silt, that can be feet thick.

Now move forward some 300 million years. The sand and silt have turned into sandstone and
shale, but they did not compress as much as the vegetation. So now instead of there being a nice
8-ft thick seam which the miner has a machine to extract, the coal has a layer of rock in the
middle (the silt layer) that is about a foot thick, but that wanders up and down in the seam, and
then gets thicker, as it approaches an old river channel so that the two sections of the seam are
now about four feet apart. The mining machine grinds off the coal with picks , but when these
start to run into rock they wear away very quickly, so that mining slows down and becomes more
expensive. And then the machine reaches the sandstone filled river channel and things get just a
little more difficult.

When two fours are not as good as one eight.

Now the coal is still there, there are a lot of tools to help get it mined that were not around at the
time of Glenrothes, and it is not really necessary in all cases that miners be physically present at
the machine when it is mining. But some of the time we still haven’t got the answers that would
bring some of this coal back to the point where it is considered a reserve. And there is some
doubt, therefore, as to what we call a reserve and what not. But we’ll leave that discussion to
another day.
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