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ABSTRACT

Some underground mining methods leave deep empty holes in the earth's surface behind them.
In this paper it is described how to use such mining methods for the burial of damaged nuclear
power plants and for the decommissioning by burial of nuclear reactors. The design of a new
power plant should be integrated with that of an escapeway - an underground arrangement for
burial. The described mining methods are block caving for catastrophy burial, and various
stoping methods for planned burial and decommissioning. Blind shaft sinking by full face boring
machines for burial and decommissioning of the reactor vessel is also described. All the
described activities of mining and shaft sinking are well known. The total costs of burial by
these methods are estimated using standard mining industry cost data. These include the costs
for normal mine ventilation and groundwater control. However, the estimates of the cost and
duration do not include the capital and operational costs of the pre- and post burial activities of
ventilation and groundwater control related to the radioactivity.
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INTRODUCTION:

Nuclear power plants pose problems about how to get rid of the radioactivity both in the case
of accidents and in the decommissioning phase. In the case of an accident, will the containment
hold? . If it holds, can the damage be repaired? If the damage cannot be repaired, will the
reactor sit there forever? And if the containment doesn't hold, what are the possibilities of
getting rid of the source of radioactivity? In the case of decommissioning, should the building
be removed? If yes, to where should the debris be taken?

II. ESCAPEWAYS:

A reply to some of these questions is to prepare the nuclear power plant site for these
eventualities by providing a vertical escapeway. Escapeways are prepared on mountain roads
for vehicles with brake failure, namely a bit of road with a counterincline, into which the vehicle
can be turned, and which is steep and long enough to stop the vehicle. In open pit mines, down
the hill roads are provided with a sand bank in the middle, large enough to stop a truck with
brake failure but without causing to much damage to the truck. On railroads there are sand
spurs, into which a train can be switched and stopped in case of a signal error, in order to avoid
collision with another train.

Translated into the nuclear power plant accident and containment problem the escapeway would
be a hole under the plant or under the critical part of the plant - the reactor vessel - wide enough
to let it pass down and deep enough to bury the critical part of the plant effectively.

III. MINING METHODS:

In mining, several methods for creating such wide and deep holes exist. One method which
could be used for the burial of a building of considerable dimensions is block caving. This
method involves the movement of large rock masses. It provides less possibilities for controlling
the radioactivity. Other methods are shrinkage stoping and some varieties of it and a modem
method of blind shaft sinking using a full face tunnel boring machine applied vertically. Both
of these methods, stoping and shaft boring, can carry out the burial of more precisely defined
parts of the nuclear power plant such as the reactor vessel or the core, than what is the case of
block caving. They would also make it possible to better control the radioactivity.



undercut, more space is created for the caving of the roof and accumulation of the cracking and
falling lumps of rock. Fig. 1 shows the principle of block caving. The cracking and caving
proceed to the surface, which begins to subside.
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Fig. 2a-f. The phases of burial by block caving



For burial of a building the hoisting shaft delivers the crushed rock to a system of conveyer
belts, which spreads it over the subsidence. The subsiding building will eventually be covered
with crushed rock on its way down. Fig. 2a-f describe the phases of burial by block caving.
This method could also be used to bury building debris, lesser contaminated, on shallower
depths instead of transporting it off the site.

III. 2 Stoping Methods:

A more restrained method is shrinkage stoping, which is equipped with basically the same
infrastructure as the one required by block caving. A block of rock is prepared for mining by
excavating a room of the length and width of the object to be buried and on the burial depth,
connected with the transportation level by drawholes. The rock at the roof of the excavated
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Fig. 3. The principle of shrinkage stoping (Hamrin)



room is drilled by horizontal holes and blasted, using the room's floor as working platform.
The blasted rock material swells and enough of it is drawn out to provide a new working space,
this time using the blasted rock as a working floor. The procedure is repeated and the room's
roof ascends to the desired height. The room is now almost full of blasted rock. Fig. 3
describes the principle of shrinkage stoping. If the escapeway is integrated into the design of
the power plant as part of the decommissioning, the final separation to the surface would be
blasted and the room completely filled with blasted rock. The rock should be sufficiently
compacted to serve as foundation of the building or the part of it, which eventually should be
buried in the process of its decommissioning. The creation of the rock filled hole and the final
blasting of the separation to the surface could also take place as the initiation of the burial of a
damaged plant or for decommissioning of a plant for which the burial arrangement was not
included in the initial design.

The burial is carried out by drawing the blasted rock from the room. The rock is then hoisted
to the surface, and distributed over the subsidence. Fig. 4a-h describes the phases of mining and
drawing the rock.
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Fig. 4a-h. The phases of burial by stoping

Varieties of stoping are such that use various ways of blasting the roof of the blast rock filled



room. A method called vertical crater retreat (fig. 5) is one of them. By this method the rock
is drilled from an upper level by long vertical holes which are loaded with explosives and blasted
by stages. The rock is drawn out below to allow for more space to be filled with newly blasted
rock.

Another method, the Alimak raise mining method (fig. 6), uses a raise from which horizontal
holes are drilled from a platform to precisely fit the area of the part of the plant to be buried.
Ranges of horizontal holes are blasted. Enough blasted rock is drawn out to provide space for
the next round of holes to be blasted considering the swelling of the rock.
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Fig. 5. Vertical
crater retreat

Fig. 6. Alimak
raise mining

These methods, which require drilling and blasting of all the rock, are considerably more
expensive counted by cost per m3 than block caving, but they can be tailored to fit the task of
burial much more precisely. The total rock masses to be removed are thus much smaller than
in the case of block caving.

III. 3 Blind shaft boring:

With a full face tunnel boring machine, TBM, adapted vertically (fig. 7), it is possible to sink
a circular shaft, which would be part of the reactor vessel building's design for
decommissioning. Such a shaft could be bored to a great depth and filled with sand, which
would then be drawn out for the burial, hoisted to the surface and spread over the sinking



reactor vessel. The phases of burial in a shaft are shown on fig. 8a-c.

Fig. 7. Blind shaft
sinking (Robbins)

Fig. 8a-c. The phases of burial in a shaft

IV. VENTILATION AND GROUND WATER CONTROL:

Hoisting shaft sinking and infrastructure construction are in all three cases similar and include
a ventilation shaft. The ventilation shaft has a particular role for the considered problem of
burial of nuclear plants and reactor vessels. The whole underground structure could be put
under a sufficient vacuum so as to prohibit any airborne radioactivity to escape to the surface.
A ventilation and filtering plant should be placed at the bottom of the shaft and the filter product
be taken care of by appropriate means. The movement of ground water must be deviated so as
not to get in contact with the radioactive material.

V. ESTIMATION OF COST AND DURATION OF BURIAL:

All the above mentioned methods of burial are slightly modified variants of well known mining
methods. Cost estimates can be made using standard procedures. The radioactivity poses
obviously particular problems, which must be explored separately. In all three cases, block



caving, stoping and blind shaft boring the burial is assumed to be at 1 000 m depth and last 3
years. The time for preparation before the start of burial is assumed to be 3 years. The whole
process is thus of a duration of 6 years.

All three methods require an underground infrastructure consisting of a hoisting shaft, a
ventilation shaft and drifts, raises and various other installations. The dimensions of these are
a function of the amount of material to be hoisted per day.

The cost formulae give capital (million$/year) and operational cost ($/t) as a function of shaft
dimension, depth and daily required capacity. We assume 260 working days per year, which
is usual for underground mines. The costs are in US$, 1989.

The cost estimate formulae are on the level of pre-prefe'asibility studies and are on the
conservative side. However, the geological situation of the site must be studied carefully. Rock
material, rock strength and groundwater presence are critical but not insurmountable difficulties.

V. 1 Block caving:

Burial of a building with an area of 50 x 50 m3. To account for the necessary area for
descending 20% are added to each side. The descending surface is thus 50x50x1.22 = 3 600 m2.
Quantity per day to hoisted = 3 600x1 000/(3x260) = 4 615 mVper day.

Total capital cost : 121 million $
Operational cost : 34 $/m3

Total burial cost : 244 million $

V. 2 Stoping:

Burial of a building with an area of 15 x 15 m3. To account for the necessary area for
descending 20% are added to each side. The descending surface is thus 324 m2. Quantity per
day to hoist: 324x1 000/(3x260) = 415 m3/days.

Total capital cost : 25 million $
Operational cost : 96 $/m3

Total burial cost : 56 million $

V. 3 Blind Shaft boring:

Burial of a reactor vessel of 6 m diameter. To account for the necessary area for descending
and including lining of the shaft 30% are added to the diameter. The surface to be bored is thus
47.8 m3. Quantity per day to hoist: 47.8x1 000/(3x260) = 61.3 m3/per day.

Total capital cost
Operational cost
Total burial cost

26 million $
76 $/m3

31 millions



VI. CONCLUSIONS:

The burial of buildings such as nuclear power plants and part of them is technically feasible by
well known mining methods even to depths of 1 000 m and deeper.

The design of a nuclear reactor should include its burial on site to avoid transportation of
radioactive waste to faraway depositories.

The site of the nuclear power plant should be selected for favorable geology in view of burial.

(The question of how to take care of the buried radioactivity is not treated in this paper and no
cost for this is included. It is proposed to examine various scenarios of decommissioning for
this aspect.)
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