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(ABSTRACT)

Backfilling is a technique used to place material in the
voids created by underground mining. This technique has been
used extensively abroad to reduce surface subsidence, fire
hazards, and temperatures in underground workings. It can
also help to eliminate environmmental problems caused by coal
waste dumps, improve coal recovery, and improve mine
ventilation. However, backfilling is an additional
operation in the coal mining cycle that can reduce

productivity and increase production costs.

This thesis identifies the backfilling methods applicable
for coal mines in southwest Virginia. Following
identification of variables that can affect the selection of

a backfilling method, a multi-attribute decision analysis



technique is developed. This technique 1is applied to a
mine model which is representative for the mining conditions
in southwest Virginia. An evaluation of the two most
suitable backfilling methods using coal refuse as fill

material is then made and compared to the surface disposal

of coal refuse.
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I - INTRODUCTION

Backfilling is the filling of voids created by mining and is
used extensively in metallic underground mining. It has been
used in alleviating technical problems in coal mines in
Europe. These technical problems include surface subsidence,
that may cause serious damage to surface structures and
flooding of mines. In multiple-seam mining, backfilling of
voids reduces ground disturbance in the vicinity of mining

operations and facilitates extraction of multiple seams.

It is generally recognized that ground support is the most
important function of backfilling. Support of underground
openings for mining operations is accomplished by
room-and-pillar partial extraction methods. This mining
method is predominantly used in southwest Virginia's
underground coal mines. However, as mining depth increases,
the percentage of coal that must remain unmined to achieve
the needed support becomes prohibitively large and the
method uneconomical. In Europe this limit was reached around
the 1930's, and the longwall mining system became popular
(Fairhurst, 1974). This mining system is designed to extract
virtually all of the coal in the seam allowing the overlying
rock to collapse into the gob. Ground disturbances are
consequently more severe, and inevitably involve surface

subsidence as well as damage to the intervening strata. The
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amount of damage and subsidence is directly related to the
volume of the mined out area into which the roof collapse
takes place. Backfilling reduces this volume and

consequently reduces subsidence and its effects.

Increased resource recovery, enhanced ventilation control
and minimization of underground coal mine fires are other
potential advantages of backfilling. The coal recovery rate
can be increased by using backfilling because fewer coal
pillars will then be required to support the overburden,
because the fill will also provide support. This may
increase mineable coal reserves substantially. Coal mine
ventilation can be enhanced as a result of improved ground
support. Substantial air leakage in underground coal mines
usually occurs, especially when stoppings, overcasts, and
other ventilation control devices experience damage from
ground settlements. Backfilling will reduce ground movement
and provide an efficient seal, which will in turn decrease
the need for large quantities of air in the mine. This
sealing function will also reduce spontaneous combustion of

coal and resulting coal mine fires.

Another potential benefit of backfilling is the disposal of
wastes. The disposal of waste material inevitably requires
planning and control in order to minimize the environmental

impact of mining. Presently, this waste is disposed of on
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the surface. This disposal practice results in
non-productive use of the area, potential air and water
pollution, possible failure of waste embankments and loss of
aesthetic value of the area. By disposing of coal mine

refuse underground, these problems can be eliminated.

There are several backfilling techniques each with its
associated advantages and disadvantages. The backfilling
system for any operation 1is site-specific in its use of
available technology, its flexibility for change, the cost
of its component system, the local community pressures and
the institutional and legal framework in which backfilling

is carried out.

It is therefore important to identify the different
backfilling methods, their advantages and disadvantages, and
the site conditions that prevail, in order to justify a
backfilling system that is technically and economically

feasible for southwest Vvirginia.

1.1 - Statement and purpose of the research

This research attempts to identify the most suitable
backfilling techniques for the coal mines of southwest
Virginia. 1In order to achieve this objective, this research

was conducted as outlined below:



1. Literature review of backfilling techniques used in the

coal mining industry.

2. Determination of variables effecting the selection of a

backfilling method.

3. Review of underground coal mining operations in

southwest virginia.

4. A mine model that assumes average mining conditions for
southwest Virginia was used to determine the most

suitable backfilling methods.

5. Evaluation of the costs associated with those

backfilling methods.

1.2 - Organization of the thesis

This thesis is divided into seven chapters. Chapter 2
reviews the different backfilling techniques used in
underground coal mines. In addition, it contains an
evaluation of different fill materials. Chapter 3 reviews
surface disposal practices and their associated costs.
Chapter 4 develops a framework for selecting a backfilling

method, this framework is then applied to a hypothetical



—5-
mine model, for southwest Virginia, in order to determine
the most suitable backfilling methods. A cost estimate for
the best and second best backfilling method is given in
Chapter 5 and Chapter 6 respectively, while Chapter 7

summarizes the results of this thesis.



IT - BACKFILLING IN COAL MINING

2.1 - Backfilling techniques

Backfilling has been utilized extensively in Europe and
India, particularly for thick, deep, steep or multiple seams
and for workings under urbanized areas (Cooley, 1978).
Backfilling has a number of advantages; however, some

disadvantages have restricted its use in the United States.

The advantages of backfilling can be listed as follows:

e Elimination of environmental problems caused by coal
waste dumps.

e Reduction of surface subsidence.

e Potential to improve recovery.

e Reduction of temperatures in underground workings.

e Reduction of fire hazards.

e Replacement of pillars of uncertain strength with
material of known strength.

e Improvement of ventilation.

The most important disadvantages of backfilling are as

follows:

e Addition of a new operation to the mining cycle.
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However, this may be alleviated if the fill can be
utilized to improve recovery, reduce surface damage
and reduce problematic environmental effects.

e Possibility of reduced production rate caused by

problems associated with backfilling.

Backfilling systems are characterized and identified by the
mechanisms used for transport and emplacement of the fill
material. The overall characteristics, adaptabilities and
limitations of each system depend on the individual
transporting and stowing elements of the system. Backfilling
systems can be classified as gravity stowing, hand stowing,

mechanical stowing, pneumatic stowing and hydraulic stowing.

2.1.1 - Gravity stowing

Gravity stowing is used in European coal mines and is
restricted to seams dipping at gradients of at least 45-50
degrees, where fill material can be fed down into the gob by
gravitational force. However, when gravity stowing is
performed through special pipes, the gradient can be as
little as 30 degrees (Smoldyrev, 1978).

The system requires that the lowering of fill is accompanied
by continuous unloading at the bottom via some
discharge-feeder mechanism. This will avoid clogging of

pipes or chutes. It is also common to let some material
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accumulate at the end of the pipe to form a cushion. Two
variations of gravitational backfilling exist, one wusing
mechanical surface transport and the other using mechanical

in-mine transport.

In systems using mechanical surface transport, the fill
material 1is transported on the surface to boreholes or to
small-diameter shafts and fed directly into the gob by
gravity. This method is used in steeply dipping, thick coal

seams under shallow cover.

In systems using mechanical in-mine transport, the £fill
material is transported to the underground working panel by
any combination of mechanical transport devices and then fed
into the gob by a belt. The method is commonly used in
steeply dipping coalbeds. In this system an independent
haulage system for the f£fill material is used. A typical

gravity-stowing technique is shown in Figure 1.

Production rates of 150 cubic yards per hour in inclined
coalbeds and 260 cubic yards per hour in steeply dipping
coalbeds have been achieved (Smoldyrev, 1978). The
productivity of each worker servicing the stowing system is
usually 20-30 cubic vyards per man shift and the labor
requirement is 25-30 man shifts per 1,000 tons of material

emplaced (Bucek et al., 1979).
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Figure 1: A typical gravity-stowing technlque
(Source: Huck et al., 1982)
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Gravity stowing is the least expensive backfilling method
and can achieve high filling rates, depending upon the
method of transportation used within the mine. The major
disadvantage of this stowing method is the low density of
the stowed mass, which makes spontaneous combustion possible
if the fill material is not inert. Another problem with this
stowing method is that suitable surface access must be
provided when vertical boreholes are employed. This method

can only be used if the gradient is away from the face.

For gravity stowing, the moisture content of backfill
material should be such that it is not sticky, and the
diameter of its individual particles should not exceed 10 to
12 inches 1in order to avoid problems of impact against
support structures. The predominant fractions of the stowing
material should consist of lump rock from 2.5 to 6 inches in

diameter (Smoldyrev, 1978).

2.1.2 - Hand stowing

Hand stowing was originally used in coal mines. It involved
the construction of box-like structures underground into
which rocks and debris from roof falls were placed. These
structures supported the roof over caved areas and provided
a means of disposing of refuse in the mine. Hand stowing is

extremely labor-intensive and therefore it is unsuited for
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most current mining practices. Because of today's highly
mechanized mining techniques and the current cost of labor,

it has become a method of the past.

2.1.3 - Mechanical stowing

Mechanical stowing techniques were developed with the
introduction of conveyors into mining operations. Now seldom
used in coal mines, mechanical stowing methods are
occasionally still wused for constructing packwalls in
advancing longwall faces. Scrapers, and slinger-type
machines were at one time used for mechanical stowing
operations. Scrapers were used in mines working somewhat
thin, gently dipping seams. During placement of £fill
material into the void, initial compaction was obtained by
ramming the material with the scraper bucket. In the case of
slinger-type machines, fill material was thrown into the gob
and the initial compaction of the fill resulted from the
high-velocity impact of the thrown material. A maximum
capacity of 50 to 60 tons per hour could be reached with a
belt thrower (Bucek et al., 1979), although this was a dusty
operation and the fill material that was emplaced by this

device could not be compacted well.

The ideal moisture content of +the material used for

mechanical stowing was fairly low, with no specific shape
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preferences for the particles. Mechanical transport in
conveyors limited the maximum size of feed material to 8
inches, but sizes of less than 6 inches were preferred in
order to prevent spillage (Mitchell, 1968). For slinger or
throwing-type mechanical stowers, fill material between 2
and 3 inches was recommended (Luckie and Spicer, 1966). For
scraper-type mechanical stowers, various bulk materials
including large lump rocks of up to 12 inches in diameter
could be used (Smoldyrev, 1978). Fine-fraction material

could also be used if not too wet.

While mechanical stowing permitted higher emplacement rates
and required less labor than did hand stowing, it never
gained wide pepularity. Now traditional methods of
mechanical backfilling are rarely employed as means of solid
stowing, due to the 1low capacity of the machines, the
incomplete filling of the gob that results, the insufficient
density of the stowed mass and the congestion often caused
in the working area. Moreover, when mining on a longwall,

this methoed cannot be used.

There are no significant health, safety, or adverse
environmental hazards that can be associated specifically
with mechanical backfilling systems that employ conventional
mining machinery. However, the 1likelihood of fire could

possibly increase depending upon the characteristics and the
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compaction of the stowed material.

2.1.4 - Pneumatic stowing

Pneumatic stowing is highly developed in the German and
French mining industries (Cooley, 1978). Pneumatic stowing
is an established technique that is most appropriate with
seam thicknesses over 2.5 meters and, in particular with
dips of more than 30 degrees (Rauer and Voss, 1983).
Although pneumatic stowing can be adapted to any active
mining system, it has been used exclusively with longwall
mining. Rauer and Voss (1983) indicated a convergence of 50

percent with this type of backfilling.

With this method, fill material is injected into the gob by
the energy of a jet of compressed air supplied by a
compressor or blower. Prior to commencing the backfilling
operation, packwalls are built on both sides of the area to

be stowed.

The equipment used for pneumatic stowing is identical to
that used for pneumatic transport. A stower can be installed
at the surface or in the underground panel that is being
filled, wusually in the tailgate of an advancing longwall
panel. There are two methods of pneumatic stowing used with

longwall mining: conventional stowing and lateral-discharge
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stowing.

with conventional stowing, the fill material is discharged
from the end of a pipe running parallel to the longwall
face. Stowing commences at the main gate and retreats along
the 1length of the face to the tailgate as areas become
filled. Brattice-cloth supported on timber props or a heavy
mobile stowing shield is wused to contain the fill on the
face-side. However, more often, a moveable heavy stowing
shield is used instead of the brattice-cloth. The shield is
moved by a small compressed air-winch in step with the
stowing process. As each pipe length of stowing is completed
the operation stops and a pipe 1length is uncoupled and
advanced to the position at which the next stowing sequence
will begin. The stowing shield is moved along the face for
one pipe length and then stowing resumes. The process is
repeated until stowing is completed along the entire face.
Upon completion of the face length and with the advance of
the face, the stowing pipe at the tailgate is extended,
usually by the introduction of a new pipe length. This
continues until the total length of pipe exceeds the ability
of the stower to maintain flow against the pressure losses.
At this time the stower and associated haulage supply system
must also be advanced. A conventional pneumatic stowing

layout for a longwall face is shown in Figure 2.
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