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UNDERGROUND GASIFICATION OF COAL: 
THE FILLING OF DIPPING UNDERGROUND CA VITIES1 
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ABSTRACT 

Grupping, A. W. & R. Pieterson 1980 Underground gasification of coal : the filling of dipping under­
ground cavities - Geo!. Mijnbouw 59: 289-299. 

In deep underground coal gasification the all-important parameter is the volume of coal that can be 
gasified between two boreholes. This volume depends to a large extent on the maximum attainable 
linking distance. 

Spectacular advances in recent years in deviated drilling techniques suggest that the linking of deep 
boreholes can more easily be achieved by drilling than by conventional methods such as fracturing. 
Gasification methods could then be developed in dipping coal seams in which the combustion front is, 
from time to time, driven updip by backward filling of the cavity with a filler such as sand. 

The results of filling tests in a scaled model are described. It is shown that dipping underground 
cavities can be completely filled by a process of sedimentation, with the exception of an updip channel 
along the coal face. Through this channel combustion can be re- initiated after removing the excess water 
with high-pressure gas. In this way a number of roughly parallel strips of coal could be gasified between 
two boreholes; serious subsidence at the surface would then be avoided. 

The tests also show that localized caving-in of the roof of the cavity does not seriously disturb the 
filling process or the development of the updip channel. 

INTRODUCTION 

In recent years the looming shortages of oil and natural gas 
have generated much interest in the development of alterna­
tive sources of energy. Of these the potential coal reserves 
underlying Western Europe and the U.S.A. are very large 
and increasing attention is being paid to the possibilities of 
exploiting this type of coal with unconventional methods. 

Underground gasification of coal (UGC) is one of such 
methods. In !{ussia, UGC processes have been under devel­
opment since the 1930's. They are now being commercially 
applied at shallow depth and on a small scale. In other coun­
tries activity is increasing and a number of UGC pilot tests 
are now underway or in the planning stage, notably in the 
U.S.A., Canada and Belgium/Germany. 

In The Netherlands, there has never been much interest in 
underground gasification of coal. The Dutch coal reserves 
are located at great depth and their exploitation by UGC 
methods was rightly felt not to be technically and economi­
cally feasible, even at the greatly increased energy prices. 
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The main reason for this was the limited linking distance 
between two wells. This distance determines the length of the 
burnt-away cavity; with available linking techniques, such as 
hydraulic fracturing, it is no more than, say, 20-30 metres. In 
thin layers this limits the amount of coal that can be gasified 
between two holes to a few thousand tons. With current dril­
ling costs, this makes the process only economical at very 
shallow depth. 

However, spectacular advances in deviated and horizontal 
drilling techniques have been made in recent years. For in­
stance, it is now possible to deviate holes from the surface 
into a 1.80 m thick coal layer at a depth of 300 m over distan­
ces of 900 m in less than two weeks (NESVACIL, 1980). These 
developments suggest that in future the linking of boreholes 
in deep coal seams will be carried out by drilling instead of 
fracturing; this would considerably increase the linking dis­
tance and thus the volume of coal that can be gasified be­
tween boreholes. 

Further increases could be obtained by periodically back­
filling the burnt-out cavity with a filler. Gasification methods 
employing backfills can only be used in dipping coal seams. 
They can be carried out with several different borehole con­
figurations. A basic requirement is that an updip channel, 
through which the combustion process can be restarted, re-
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Table I 
List of symbols (units: Standard International, M.K.S.). 

A cross-sectional area of channel 
a constant, connected with the transport mecha-

nism 
b subscript: boundary 
c subscript: channel 
Cd drag coefficient 
Cs concentration of sand in suspe nsion 
D hydraulic diamete r of chamber 
d diamete r of gra in 
f subscript: fi e ld 
Fr Froude number 
g acceleration of gravity 
g subscript: gra in 
h height of channel 
m 

n 
p 

Q 
R 
Re 
s 
s 
T 

v 
Yo 
w 

: } 

subscript: model 
linear scale factor 
pressure 
throughput 
resistance 
Reynolds numbe r 
sedimentat io n constant 
ratio density gra ins/ liquid 
time 
axial velocity in chamber 
sedimentation velocity o f gra in 
width of the channe l 

three directions in the co-o rdin a l syst m 

dip angle of the mod I 
difference (of pressure P) 
viscosity 
density 

mains open along the face of the coa l sea m. 

the discharge hole . 
Based on the experiments carried out by GRIFFIOEN & VAN 

DER VEEN (1972) it was postulated that a channel would auto­
matically remain open updip along the coal face through 
which gasification could be restarted after removal of the 
water from the cavity. 

To investigate the merits of this filling mechanism, a num­
ber of experiments was carried out in a transparent model, 
scaled 1 to 20. It was found that the filling of the cavity and 
the formation of the channel are both possible under a wide 
range of operating conditions. It was also found that fairly 
small simulated caved-in sections of the roof have no influ­
ence on the filling process and the development of the chan­
nel. 

E XPE RIMENTAL WORK 

Scaling rules 

To ca rry o ut mod I tests that are representative for field 
o nditi ns, sca ling rules had to be established. For a list of 

symbols, re f re n c is made to tab le I. 
T h ' fo llow in r pa ram tc rs arc re leva nt: the Reynolds 

numb r, the rro ude num ber, the density rat io gra ins/ liquid, 
I h o ffi ients o f fri tion an I restitution and the geometrical 
re lalio11s hi1 s (s hape ancl size distributio n of gra ins, the re­
latio n o f >rain diameter to hyd raulic diameter o [ the model, 
th ra in con ntntio n). 

T he mocl I was sca led I to 20 and a suspension of sand in 
w·1t r w·is used. It is no t poss ible to sa tisfy all the scaling rules 
simultaneo usly; a cho ice needs to be made between equality 
o f the Reyno lds number, the Froude number or a combi­
nation of these numbe rs. 

An analysis of the gra in transport mechanism showed that 
the most impo rtant requirement was to keep constant the 
ratio be tween the mean settling velocity of the grains and the 
ax ial liquid ve locity in the chamber. 

A system employing two bo re ho les, both deviated along a · V ·s = ~· s =Sr 
coal seam in a downdip direction, has been described in de- · V ' m 
tail in a paper in Dutch langu age ( GR UPPIN G, 1978). 

The idea of filling gasification voids in dippin g coa l seams 
is not new. Russian trials, carried out with dry fillers and 
slurries, proved to be unsatisfactory beca use the distribution 
of the fill was spotty and the filling mate ri al did not reach the 
desired area's, owing to the peculiar patte rn of burning (TYU­

TIN, 1958). 
It was felt at Delft University that a better way of filling a 

gaschamber might be by a process of sedimentation, such as 
has been developed for tunnel foundation (GRIFFIOEN & VAN 

DER VEEN, 1972). The cavity is first completely filled with 
water, after which sand, suspended in water, is circulated into 
it through one of the holes. The sand settles out and fills the 
cavity gradually from this injection hole in the direction of 

It was also established that the Reynolds number is of minor 
importance in this type of transport process. 

The ratio between the grain diameter and the hydraulic 
diameter of the chamber is also of secondary importance; this 
ratio is very small, both in the model and in the field . 

Since the Froude number is a measure of the inertia effects 
that act on the grains and thus influences the movement and 
transportation of the grains, it was decided to keep this num­
ber the same in model and field . For the model this results in 

reasonable grain sizes and injection velocities. This second 
requirement can be formulated as follows: 

v~ _ vt 
Frm = Fr1; --- - ---

g.Dm g.D1 
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T his Froude numbe r relates to the whole chamber; it can be 
shown that the Froude numbers for the transportation 
through what might be called the 'rivers' in model an_d field are 
also approximately equal. 

The third requirement is that the dimensions in the x, y and 
z directions should be scaled down by a factor of 20: 

20.(x, y, z)m = (x, y, z)f 

The first requirement caused an adjustment of the grain size, 
the second an adjustment of the throughput. This has finally 
led to the following scaling rules for grain size, throughput, 
time and concentration: 

(1) Grain size 
There are three relationships between the grain diameter in 
the model and that in the. field. These depend on the Rey­
nolds number of the grains, which is defined as: 

Qg.Vo.d 
Reg = ----

Y/ 

In this equation {Jg is the density of sand, d is the sand-grain 
diameter and 1J is the water viscosity. 

With an assumed water temperature of 10 °C in the model 
and 55 °C in the field, the following relationships are valid if 
the linear scale factor is 20: 

Regm < 1; Regf <1: dm = 0.76 df 

Regm < 1; 1 < Regf < 1000: dm = 0.017 (df)0·6 

1 < Regm < 1000; 1 < Regf < 1000: dm = 0.41 df 

Figure 1 shows the relationship between dm and df for the 
three domains. A small adjustment had to be made in the 
middle area to match the endpoints of the lines. 

(2) Throughput Om = 0.00056 Qf 

(3) Time Tm = 0.22 Tf 

(4) Concentration CSn, = CSr 
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Fig. 2 
General view of the model, equipped with protective frame. 

3 

4 R 

M 

5 

Fig. 3 
The suspension supply system. 
VJ, V2 = mixing containers; C = centrifugal pump; M = model; 
R = rota meter; Xl-8 = valves. 

The model 

The dimensions of the model are: length 2 m, width 1 m, and 
thickness 5 cm. With a scale factor n = 20, this corresponds to 

the following dimensions of an actual cavity: length 40 m, 
width 20 m and thickness 1 m. 

The model tests have shown that after some time the shape of 
the front of the sandpack stabilizes in the axial direction. This 
means that the filling results may be extrapolated to chambers 
of greater length. 

Figure 2 shows the model which is built of perspex plates 
with a thickness of 1.5 cm. The floor plate is roughened to ap­
proximate field conditions as much as possible . The 'coal 
seam' consists of a front plate that can be detached to remove 
the sand from the model after each experiment. A steel fra­
me protects the model against excessive internal pressures. 
The lower part of this frame rests with bearings on two sup­
ports. In this way the model can be adjusted to correspond to 
various dip angles. The water supply and circulation system is 
schematically shown in figure 3. The mixing containers are 
alternately used for filling the model. 

Initially, problems occurred because of plugging in the in­
jection lines. These were solved by creating a bypass via 
valve 5. In this way, the velocity of the suspension in the 
injection lines could be increased, without increasing the 
throughput of the model. The injection line passes through 
the model and carries part of the suspension back to the 
container Vl. This configuration also acts as a safety valve, 
because an unexpected increase of pressure in the model 
automatically bleeds off through valve 5. 

The suspension enters the model through one or more 
perforations in the injection line. The throughput is adjusted 
by the valves 6 or 7. The water leaves the model through a 
hole in the frontplate. 
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Fig. 4 
Four stages of the sand transportation mechanism from the injection opening via the turning 'river'. (1) =meandering 'river'; (2) =front of 
the sand pack; (3) = direction in which the 'river' turns; (4) = crater; (5) = front plate. 

Experiments in the model 

A total of seventeen experiments were carried out with the 
model. Sorted sands with a d50 of 96 µm and 133 µm were 
used. This corresponds to fie ld grain sizes of 210 µm and 325 
µm (see Fig. 1). The thro ughput varied from 2.8 litres per 
minute to 6 litres p r minute. In the field th is corresponds to 
a rate between 5 111 /minute and 10.7 m3 /minute. The sand 
concentration s wns ke pt constant at 5 percent by volume in 
all tests. 

In most exp ' l'im nts one set of perforations was used, at the 
upper end o f I h ' injection tube. Thedischargeconsistedinmost 
cases of a h >le in the front plate . 

T he amo un t of t ime each experiment takes depends on the 
thro ughput. At 3 litres/minute it is approximately 6 hours, 
which corresponds to slightly over 24 hours in practice when 
the chamber is 40 metres long. 

To test the scaling rules, some experiments were carried 
out with an identical sedimentation constant S, but with dif­
ferent grain size d and different throughput Q. It was found 

first stage Second stage 

Third stage 

Fig. 5 
Three stages of the filling process. 

that in that case the sedimentation process is identical. Be­
cause Q was different, the Froude number was also different. 
Apparently the Froude number is of only minor importance 
in the sedimentation process. 

General description of the experiments 

As soon as the suspension leaves a perforation, the velocity 
of the sand/water mixture decreases rapidly and sand settles 
out. A crater develops, of which the wall increases conti­
nuously in height as more and more sand settles out. Finally, 
the velocity of the suspension in the boundary layer between 
the sand pack and the top plate becomes sufficiently high to 
carry away sand grains that had been deposited earlier. What 
might be called a 'river' then develops in the sand pack, 
which rapidly grows to such a cross-sectional area that the 
pressure drop in it is minimal. This 'river' does not meander 
in arbitrary directions but gradually turns updip, towards the 
front plate, as indicated in figure 4. In the meantime, a rim of 
sand is deposited at the face of the sand pack. 

When the ' river' has moved to the frontplate, it has beco­
me an updip channel. This channel is not stable; it silts up 
after it has transported sand for some time. A new 'river' 
then develops from the crater and the process repeats itself. 
Meanwhile, the face of. the sand pack has moved forward. 
The filling process can be divided into three stages, as detai­
led in figure 5. 

In the first stage the sand pack grows in circles from the 
original crater. Its radius is proportional to the square root of 
time. In the second stage the sand front gradually assumes an 
S-shape as a result of increasing influence of the channel 
transport. Finally the shape of the front does not change 
anymore and it propagates itself towards the end of the 
chamber proportionally with time. 

When the sand front has reached the end of the chamber, a 
downdip corner of the chamber remains unfilled. This is be­
cause the front does not propagate itself perpendicularly to 
the channel but at an angle (see Fig. 5, third stage). This 
corner can easily be filled by locating the opening, through 
which the water leaves the model, downdip. The channel 
then follows the path as shown in figure 6. 

The dip of the model, if not too big, has little or no influe n­
ce on the filling process. With a dip of 5° the angle of the sand 
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fig. 6 
The path of the channel through the sand fill if the discharge opening 
is located downdip in the chamber. 

front with the channel is about 50° and with a dip of 20° it is 
about 70°. 

Methods of sand transportation; the mechanism of filling 

Two methods of sand transportation can be distinguished: 
(1) suspension transportation through ' rivers' or through the 
channel; 
(2) transportation of water with some fine sand through the 
boundary layer. 

The interaction between these two types of transportation 
causes the periodic silting up and re-opening of the channel. 

After some time, when the sand body has spread over the 
full width of the model, new 'rivers' do not originate from the 
original crater, but from a point in the channel. These 'rivers' 
also meander and turn upward and finally re-establish the 
channel. Three factors are important in this process of ' ri­
ver'-forming: throughput, resistance and pressure difference. 
The following relationship exists for the transportation 
through the channel as well as through the boundary layer: 

(LlP = the pressure drop ; the constant a is smaller than 0 for 
channel transportation and larger than 0 for boundary trans­
portation). 

Figure 7 shows the situation in a period that transportation 
takes place through the channel. Through the channel and 
across the boundary layer the same pressure drop exists. As 
the channel grows in length, the resistance through it increa­
ses and so does the pressure drop. Because the pressure drop 

Fig. 7 
Transportation via the boundary layer, starting from the channel. Oc 
= channel throughput; Qb = boundary layer throughput. 

Angle ot dip approximately 20°. 

Angle ot dip smaller than 10°. 

Fig. 8 
Types of ' river' development from the channel at different angles of 
dip of the model. 

across the boundary layer also increases and the resistance of 
the boundary layer is practically constant, the throughput Qb 

of the boundary layer must increase. 
At a constant injection rate the sum of the throughputs 

through the channel and the boundary layer is constant. 
Therefore Oc must decrease and because, in the case of 
channel transport (a < 0), the pressure drop Ll P increases 
further. Finally, Oc has become so small that the channel silts 
up. The transportation through the boundary layer has now 
become very strong and a new 'river' develops, starting at 
some point in the channel. This 'river' again turns upward 
and, while doing so, deposits a new rim of sand. This process 
repeats itself over and over again. 

The model experiments have shown that the point in the 
channel where new 'rivers' originate is different for different 
shapes of the sand front, depending on the angle of the mo­
del. Figure 8 shows two situations; however, these are not 
fundamentally different. 

The channel: pressure losses through the channel 

The shape of the channel is approximately as shown in figure 
9. Its cross-section is such that the Froude number of the 



Fig. 9 
Shape of the channel. 
1 = channel; 2 = sand fill. 

channel remains constant: the pressure drop through the 
channel is always minimal (GOVIER & AZIZ, 1972). This has 
been experimentally verified in the tests. From this follows 
the relationship between the throughput Q and the height h 
of the channel: 

Q = const1 . h2'5 

This constant is dependent on the angle of the dip of the 
model. With this equation, the scaling rule for the cross-sec­
tion A for field and model can also be deduced: 

Ad Am = const2 . n2 

This second constant is dependent on the sand concentration, 
the specific density of sand and water and on the grain size. 

Knowing that the cross-section of the ' rivers' and the 
channel is such that the pressure drop through them is mini­
mal, this cross-section can be calculated: 

A .= 0.16. Cs-0·21 . (s - 1)-o.4 . Cct0 ·2 . F(a). Q0 ·8 

Table II presents values of F(a) for various values of the dip 
angle a. The table shows that a has little influence on the 
cross-section of the channel. 

To obtain a general impression of the magnitude of this 
cross-section in the model and in the field, it has been calcu­
lated for the following conditions: 
Model: throughput = 2.8 x 10- 3 m3 /min, dso = 96 µm, Cs = 
5 vol.%, a = 20°->Am = 1.35 cm2. 
Field: throughput = 5 m3 /min, dso = 210 µm, Cs = 5 vol.%, 
a = 20°->Ai = 840 cm2 . 

Table II 
Function F(a) for various values of the dip angle a . 

a F(a) 

50 0.89 
100 0.80 
15° 0.76 
20° 0.73 
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Fig. 10 THROUGHPUT m3/min 

The relationship (after washing out with water) between the cross­
section of the channel and the throughput for various grain sizes and 
dip angles - field conditions. 

The calculated model value corresponds reasonably well with 
the measured value of 1.20 cm2 for the channel under these 
conditions. 

Increasing the cross-section of the channel by water circulation 

When the water is circulating, grains that have been deposi­
ted are carried away again, as a result of which the cross-sec­
tion of the channel increases. Ultimately, a critical cross-sec­
tional area is reached through which the velocity of the water 
is so low that transportation of deposited sand stops. A small 
increase of throughput at that point will result in renewed 
sand transportation. 

This point (at which the sand begins to move again) is 
determined by the Shields criterion, which defines it by 
means of dimensionless numbers (YALIN, 1972). A detailed 
description of the Shields theory falls outside the scope of 
this paper. Suffice it to say that by the use of this criterion a 
relationship can be established with which the cross-section 
of the channel, after washing out with water, can be calcula­
ted. 

Figure 10 shows the cross-section of the washed-out chan­
nel for field conditions as a function of the throughput. It is 
noteworthy that the dependence on the model dip a is rather 
pronounced. It was also noted qualitatively that washing-out 
with mixtures of air and water further increases the cross­
section. 

Finally, it was observed that at certain throughputs sand 
waves develop in the channel both while injecting the sus­
pension and while washing-out with water. The cross-section 
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Development of the channel at various grain sizes, throughputs and 
dip angles - field conditions. 

remains constant, however: in places where the height h of 
the channel is smaller, at the top of a wave, the width w of the 
channel is larger. In figure 2 these waves can clearly be seen 
in the channel that develops at the side of the model when 
the exit opening is located downdip. 

Causes of dying-out of the filling process 

Most of the transportation of water and sand takes place 
through the meandering ' rivers' and the channel. Some wa­
ter, with fine sand, leaks away through the boundary layer. In 
addition, water is transported through the permeable sand 
pack, but this is relatively insignificant and has been neglec­
ted. 

When the boundary layer is thick, more liquid is transpor­
ted through it and, therefore, less is available for the 'rivers' . 
Above a certain critical thickness of the boundary layer the 
throughput of the 'rivers' becomes so small that they silt up 
and the process terminates gradually (with the exception of 
some remaining transportation through the boundary layer). 
This causes a pressure increase in the model and increased 
circulation through the bypass. 

In the field under these circumstances, the injection pres­
sure will also increase, after which the injection borehole will 
probably plug with sand. This critical point in the process is 
governed by three parameters: grain size, throughput and dip 
angle of the model. Empirically, relationships have been es­
tablished in the model between these three parameters. 
These were then translated to field conditions. Figure 11 
shows the critical dip angle a as a function of the critical 
throughput for various grain sizes. It is clear that, at a con­
stant value of the grain size, a sufficiently large increase of 
the throughput or the dip angle will re-activate the filling 
process. 

In general, injection rates of 10 m3 /minute should be attai­
nable in the field if the casing size is not too small. With an 
average grain size of 530 µm it is then possible to fill cham-

Cs= 5 vol. % 
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RECIPROCAL OF THE SEDIMENTATION CONSTANT ( s-1 ) 

Fig. 12 
Development of the channel at various values of the reciprocal of the 
sedimentation constant and dip angles - model and field conditions. 

bers with a dip angle down to about 6°. In flatter seams the 
injection rate would have to be further increased or a smaller 
grain size would have to be selected. 

Figure 11 can be transformed to figure 12, in which form it 
is applicable to both model and field conditions. For this, the 
horizontal scale must show the reciprocal of the sedimenta­
tion constant S. Because S is proportional to V0 /Q, Q is 
proportional to V0 /S. Dividing by the V0 -values of the va­
rious grain sizes produces one curve that is universally valid. 

It is very likely that the periodic alternation between 'river' 
transportation and boundary layer transportation has caused 
the strongly fluctuating water production rates of the 
breakthrough of water and sand in the Dutch coal mine Julia 
in Eygelshoven in 1958 (DE GROOT, 1958). These fluctuations 
have never been satisfactorily explained. 

In this breakthrough the grain size of the sand was mainly in 
the range from 80 to 120 µm . The water production rate was 
0.5 to 1.0 m" /minute, alternating with a rate of 2.0 to 4.0 
m3 /minute, lasting from 30 minutes to one hour. The sand 
concentration averaged 9 to 10 percent by volume. 

When extrapolating the 100 µm-line of figure 11 to small 
dip angles it is seen that the change from 'river' transporta­
tion to boundary layer transportation occurs at throughputs 
of about 2 to 2.5 m3 /minute. Breakthroughs of water and 
sand have also occurred in other coal mines. A very serious 
one, which took place in the mine Sophia-Jacoba in Germany 
in 1975, was described by SOMMER (1977). 

The influence of injection and discharge point on the filling 
process 

If injection of the suspension takes place through a number 
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ton 

Compression as a function of the load (per 100 m2 ). 

1 = Plate sand, th ickness 20 cm, throughput 1.2 1113 / min; 2 = Zea­
land sand, thickness 20 cm, throughput 1.2 m3 /min; 3 = Zealand 
sand, thickness 70 cm, throughput 1.2 m3 / min; 4 = Zealand sand, 
thickness 60 cm, throughput 3.6 m3 /min ; 5 = Zealand sand, thick­
ness 60 cm, throughput 4.8 m3 /min. 

of perforations along the dip of the model, a crater develops 
at each perforation. After some time the streams from the 
craters collect into one stream, which moves vertically up­
ward along the dip towards the front plate. Thereafter, the 
system behaves as if there were one opening, directly be­
neath the front plate. 

With only one perforation at the bottom, an identical 
situation is created. Initially, the sand wall extends in a cir­
cular manner around the opening. After some time, the sus­
pension flows from the crater near the bottom vertically up­
ward along the dip after which the system again behaves as if 
the injection point were directly beneath the front plate. 

If the discharge consists of one updip perforation, an un­
filled space remains downdip in the model, as described ear­
lier. With the discharge at the bottom, this empty space is 
eliminated and the chamber fills completely. The point of 
injection therefore has no essential function in the filling 
process. Locating the discharge point at the lower end elimi­
nates the empty space downdip. 

Functions and quality of the sand fill 

The two most important functions of the fill are: (1) to nar­
row the gaschamber periodically so that gasification can be 
resumed in a turbulent environment; and (2) to support the 
roof to counter the tendency of it to cave in. 

No measurements have been made to check the quality of 
the sand fill in the model. Visual inspection invariably show­
ed that the model - except for the channel and the 'end' 
effect - was completely filled with a dense sand pack. Small 
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(4) 

Dewatering of the sand fill with compressed ai r and tubing (supply 
openings distributed over the width of the model, discharge opening 
at the bottom). 
(1) = compressed air; (2) = produced water; (3) = tubing; (4) = 
packer; (5) = sand fill; (6) = channel ; (7) = liquid leve l. 

cavities and openings that remained after the sand front had 
passed, always filled up completely by particle transport via 
the boundary layer. In one experiment the porosity could be 
determined with reasonable accuracy from the speed of pro­
pagation of the sand front at known injection rate and sand 
concentration. For the grain size of 96 µm the porosity was 
found to be 44% . This value corresponds well with values 
found in similar sedimentation tests in horizontal chambers 
(GRIFFIOEN & VAN DER VEEN, 1972). Therefore, there appears 
to be no reason why the compression under loading of fills in 
dipping chambers should be significantly different from that 
in horizontal ones. Figure 13 gives the results of past com­
pression tests on various types of sand fill ( GRIFFIOEN & VAN 

DER VEEN, 1972). 
A third function of the sand fill might be as a temporary 

storage reservoir for water that might flow into the cavity 
from some outside source. 

At the end of each filling period, water must be removed 
from the injection well, the channel and the discharge well 
before gasification can be resumed. This can be done by 
introducing an inner tubing into one of the wells and depress­
ing the liquid level with compressed air down to the shoe of 
this tubing. Hanging the tubing shoe near the bottom of the 
sand pack, as illustrated in figure 14, enables the pack to be 
emptied also. If gasification is carried out at a higher than 
hydrostatic pressure, and water collects in the sand pack, it 
can be continuously produced through the tubing. 

The gas/liquid interface can be maintained at any desired 
level in the sand pack by manipulating the backpressure on 
the tubing. 
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Fig. 15 
General view of the filled model with the two partly filled domes and the channel at the side of the model (protective frame removed). 

Another interesting possibility is to partly evacuate the 
sand fill and subsequently introduce one or more chemical 
solutions to consolidate and stren.gthen it. 

Experiments with caved-in roof sections 

In longwall coal mining which is carried out at atmospheric 
pressure, the roof must be very thoroughly supported to pre­
vent its caving-in. In underground gasification of coal it is not 
known if, and to what extent, roof collapse will occur. Not 
much can be learnt in this respect from experience gained in 
conventional coal mining, because the conditions are quite 
different. In the first place, the roof and floor rock will be 
exposed to high temperatures for extended periods of time. 
More important is perhaps that gasification will probably be 
carried out at high pressure. About the behaviour of deep 
cavities that are filled from time to time and are internally 
pressurized, nothing is known. It could be theorized that in­
ternal pressure, if continuously applied, might have a benefi­
cial effect on the stability of such cavities ( CHUGH & HARDY, 

1972). As a result, caving-in of the roof might not occur at all 
during the application of internal pressure, or it might be less 
severe and more localized than is experienced in conventio­
nal Jongwall coal mining. 

To determine, in a very general way, how the filling pro­
cess would proceed with the roof locally caved-in, two box­
shaped domes were built on top of the model, about halfway 
along its length. One dome is located updip near the front 
plate, the other one two-thirds of the way downdip (see Figs. 
2 and 15). The dimensions are (length x width x height) : 23 
x 21 x 8.5 and 29 x 19 x 8.5 cm, which corresponds to field 
dimensions (n = 20) of 4.6 x 4.2 x 1.7 m and 5.8 x 3.8 x 1.7 
m respectively. 

It was possible to fill the domes with water; to this end they 

were provided with air valves. 
Tests were carried out to find out if, and to what extent, 

the first dome would influence the development of the chan­
nel and if, and to what extent, both domes would influence 
the sedimentation process through the 'rivers' and the bound­
ary layer. It was found that the domes had no influence at all 
on the filling process in the model, neither when filled with 
water, nor when filled with air. Around the domes the model 
fills up completely, whilst the domes themselves under both 
conditions partly fill up with sand. 

The 'rivers' meander and turn updip underneath the do­
mes as if these did not exist. When a 'river ' is present under a 
dome that is filled with water, fluidisation of sand occurs in 
the dome as a result of which it partly fills up. The channel 
develops under the updip dome without being much influ­
enced by it. Figure 16 shows a close-up of the sand fill in the 
updip dome, when filled with water. 

To guarantee the continuity of the channel along the coal 
seam, it is advisable to wash out the fluidised sand from the 
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Fig. 16 
Close-up of the updip dome, filled with water and partly filled with 
sand. 



updip dome by circulating with water. As was mentioned 
previously, this also increases the cross-section of the chan­
nel. 

CONCLUSIONS 

Completely filling an underground cavity with sand is feas­
ible. If the cavity is dipping, a channel develops updip along 
the coal seam. This channel can be enlarged by washing out 
with water. Localized caving-in of the roof does not hinder 
the filling process and the development of the channel; the 
filler will retain its supporting function. 

Development of the channel, from which the cavity is fill­
ed, is a function of injection rate, grain size and dip angle of 
the cavity. Generally, injection rates can be chosen such that 
for a wide range of grain sizes filling is a stable process. 

The cavity fills completely; the space that is left open at the 
end can be filled by positioning the discharge downdip. Prob­
ably this filling mechanism has taken place more than once in 
the past during sand invasions in coal mines. 
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