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RESEARCH ON THE COAL BENEATH THE NETHERLANDS 

IV - NEW PRODUCTION METHODS 

2. STABILITY OJl-AN UNDERGROUND COAL GASIFICATION CAVITY1 

J.P. VAN BAAREN2 & J . KETTING2 

ABSTRACT 

Van Baaren, J.P. & J. Ketting 1982 New production methods. 2 Stability of an underground coal 
gasification cavity. In: J.J. Dozy (ed.): Research on the coal beneath The Netherlands - Geo!. 
Mijnbouw 61: 377-381. 

A concept for coal gasification of deep lying thin coal layers via borehole linking and repeated sand-fill 
of the reaction chamber is described. The influence of high temperatures (up to 1000° C) on the rock 
properties are summarised. The stability of a borehole leading to an underground coal gasification 
chamber can be simulated by means of a finite element computer programme. Forthcoming research 
on this subject for the next 3 years is indicated. 
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INTRODUCTION 

The article consists of two parts. In the first part work 
performed by Grupping (1978) is briefly described , explaining 
the process of coal gasification of dipping coal layers. The 
second part deals with the study under review. Its objective is 
to predict the behaviour of the rock mass enclosing a boring or 
a reaction chamber under increasing temperature . The pres­
ent work and the article deal with a hole entirely in country 
rock. 

Dipping underground cavities can be filled with a sand 
slurry (GRUPPING & PIETERSON, 1981). After removing the 
water with high pressure gas the gasification can be reini­
tiated. This cycle can be repeated continuously (Fig. 2). 

COAL GASIFICATION OF DIPPING COAL LAYERS 

In the process of gasifying deep lying and thin coal layers 
several problems arise. A number of these problems can be 
solved by applying the method proposed by GRUPPING (1978) . 
Two boreholes can be drilled with such a deviation that the 
hole remains over a considerable length within the dipping 
coal layer. The bottoms of the holes have almost to make 
contact in order to get a link as shown in figure 1. By air 
injection in one hole the coal can be gasified and the gases 
produced can be transported through the other production 
hole. The gasification of the coal should continue updip for a 
certain distance after which a sand slurry is brought in to fill 
the cavity almost entirely. 

1Manuscript received: 1982-08-26. 
Revised manuscript accepted: 1982-10-20. 

'Delft University of Technology, Dept. of Mining Engineering, 
Mijnbouwstraat 120, 2628 RX Delft, The Netherlands. 

The procedure has several advantages: 
- In general the coal layer will be insufficiently permeable to 

allow the passage of gas even after tracking. 
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Underground coal gasification process for dipping coal layers with 
sandfill method (after Grupping, 1978). 
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Fig. 2 
Cross section through reaction chamber (after Grupping, 1978). 

Linking the injection and production holes to initiate a 
quick coal gasification process is easier if the holes con­
nect. 

- Almost filling the reaction chamber with sand will leave a 
small 'burn' cavity with a good turbulent gasflow. The latter 
improves the contact between the injected air and the 
coal. 

- The smaller reaction chamber will also prevent too much 
heat loss to its surroundings. 

- The sand fill will support the overburden to a certain degree 
and counter subsidence. 

ROCK MECHANICAL PARAMETERS 

The behaviour of the rock around the borehole and coal front 
can be simulated when the rock mechanical parameters are 
known (KETilNG, 1981). In this section the influence of 
temperature will be discussed. 

The temperature of the country rock in contact with an 
underground coal gasification cavity is estimated to be 
800-1100° C. The high temperature will cause an increase in 
ductility and a decrease in strength of the surrounding rock. 
The temperature gradient will cause high thermal stresses. 
From the literature it is known that the rock properties will 
change with increasing temperature as follows: 
1. The mineralogy of the rock is likely to change chemically 

under temperatures of say 1000° C. The stresses thereby 
introduced have an important influence on the strength of 
the rock. 

2. The thermal expansion coefficient increases slightly. 
AKTAN & FAROUQ ALI (1978), however, observed no signif­
icant change for sandstone. 

3. The elastic modulus and ultimate strength of the rock will 
decrease . As an example the stress/strain behaviour of 
Solnhofen limestone under different temperatures is given 
in Fig. 3. Other lithologies, E .G . Sandstone, behave 
similarly. The modulus of elasticity remains strongly 
reduced after cooling down. (ADVANl ET AL., 1976; ADVANI 

& GMElNDL, 1979; CLARK 1965) . 
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Fig. 3 
Compression stress-strain curves at various temperatures for Soln­
hofen limestone (after Heard, 1960). 
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.Fig. 4 
Thermal conductivity of quartz and of a quartzitic sandstone: 
QSl Quartzitic sandstone, Penn ., perpendicular to bedding plane 
QS// idem, parallel to bedding plane 
Ql Quartz, single crystal perpendicular to optic axis 
QI/ idem, parallel to optic axis 
(Birch & Clark, 1940). 



3.0 
DARK GRAY SHALE 

I~ 2.5 

STRESS: ,75 G'u 

-0 75 F ( 21. °C) 
D~ • 350 F (177 °C) 
f::'. 
<! 
Cl'. 

2.0 z 
<! 
Cl'. 
I-
{/) 

0 1.5 
w 
N 
::; 

• 500 F ( 260 °C) 
f). 575 F ( 302 °C) 

L---

__ .. 
L.----

y-
_.,... l.--

r 
<! 
::;,: 1.0 Cl'. 
D 

_i..--

- lJ 

z 

0,5 
0 20 50 80 100 120 

TI ME, MINUTES 
Fig. 5 
Temperature dependent creep curves of dark grey shale specimens 
loaded in uniaxial compression normal to bedding planes at 0.75 x 
ultimate stress ( o") (Advani et al., 1976). 

4. The heat conductivity coefficient (Fig. 4) decreases for 
sandstones (BIRCH & CLARK, 1940). This means that with 
increasing temperature some sort of a shielding effect 
counteracts a deeper penetrating temperature profile . 

5. Creep increases by a factor two (as shown in Fig. 5) for 
shale. (ADVANI ET AL., 1976). 

6. For sandstone the Poisson's ratio decreases slightly with 
increasing temperature. (AKTAN & FAROUQ ALI, 1975). 

CAVITY ST ABILITY 

Before a field project for underground coal gasification is 
started the stability of the cavities during gasification should 
be known. A finite element computer programme has been 
used to arrive at some preliminary answers. The programme 
ICES-STRUDL (KOK, 1981; KOK & VRIJMAN, 1980) operates 
with a linear elastic model. The influence on the principal 
stresses has been calculated. As measurements on Dutch 
Carboniferous rock are not available the values of the rock 
mechanical parameters have been assumed. 

The finite element model in Fig. 6 represents a horizontal 
borehole leading to the reaction chamber and just outside the 
coal layer. The behaviour of the cavity is symmetrical around 
the vertical axis through the cavity. Roof and floor rock are 
not likely to be the same and therefore a horizontal symmetry 
has not been usep. The elastic modulus, Poisson's ratio , 
overburden stress, horizontal stress and thermal expansion 
coefficient for sandstone that are used in the calculation are 
given in the legend of Fig. 6. Creating the cavity increases the 
major principal stress around the cavity by about a factor of 
two. An infinitely long cavity being kept at a temperature of 
1000° C for a certain time results in a temperature profile into 
the rock as shown in Fig. 9. With increasing time the 
temperature will penetrate deeper into the rock. After 0.5 day 
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Borehole model finite element method. 
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DATA 

Depth : 1500 rn 

300 bar - 3 x 104 kN/ rn2 

Litho logy : 

Sandstone 

Elasticity modulus : 

E~l . 210 7 kN/ m2 

Poisson's ratio : 

N ~ 0.33 

Therma l expansion 
coefficient: 

CTE -10-5 K-1 

Programme 

ICES-STRUDL 

Linear elastic 

71 elements 

x elements used 
in f igure 8 

Deformation exaggerated as a result of overburden pressure and 0,5 
day temperature gradient. 
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Fig. 8 
Major and minor principle stresses versus the distance from the centre 
of the borehole. 

the temperature gradient causes the stress in the sandstone 
rock near the borehole to increase the major stress three to 
four times the original overburden stress (Fig. 8) . The effects 
of the thermal stresses and the cavity increase the major 
principal stress by a factor six compared to the overburden 
stress of 300 bar at 1500 m (Fig. 8). The deformation of the 
borehole and country rock under these conditions is shown in 
Fig. 7. The deformation is the result of linear elastic 
behaviour. Stability criteria are not taken into account at this 
stage of the investigation, as no measurements are avail­
able. 

A reaction chamber can be simulated by introducing a 
different geometry, by a coal layer and different roof and floor 
rocks in the finite element programme. 

FUTURE RESEARCH 

In this paper assumptions for the rock properties have been 
made to allow simulation of the behaviour of the rock 
surrounding the cavity. The rock mechanical properties are 
temperature dependent. It is therefore necessary to measure 
the properties of Dutch Carboniferous rocks at temperatures 
up to 1000° C to simulate the behaviour of the rock surround­
ing the cavity with a suitable finite element programme more 

accurately. The research programme intended for the next 
three years is as follows: 
- Construction of a triaxial pressure cell able to measure a 

stress/strain curve of sedimentary rocks representative of 
bedrock conditions for temperatures up to 1000° C. 

- Obtaining Carboniferous rock samples comparable to the 
Dutch Carboniferous via German coal mines on the Dutch 
border. 
Mineralogical evaluation of these rocks before and after 
heating to 1000° C. 

- Interpretation of the measurements of the triaxial rock 
properties so that they can be used in a computer 
programme. 
Application of the measured rock properties in a finite 
element programme operating with a visco-elastic model. 
For each gasification stage a temperature profile will be 
calculated and the rock properties appropriate to the 
temperature profile will be assigned to the elements. The 
measurements will permit the introduction of stabily cri­
teria into the computer programme. 

CONCLUSIONS 

1. The high temperature in the gasification chamber causes 
considerable thermal stresses which could make the cavity 
unstable and thereby disturb the gasification process. 

2. A review of the literature indicates that the mechanical 
properties of rock are temperature dependent so that with 
increasing temperature, (a) the elastic modulus decreases, 
(b) the ultimate strength decreases, ( c) the ductility 
increases, and ( d) the heat conductivity coefficient 
decreases. The elastic modulus, is in general permanently 
lowered after cooling down. Poisson's ratio and the 
thermal expansion coefficient change little with tempera­
ture. 

3. To predict the behaviour of the country rock in field tests 
the finite element method must be applied to simulate field 

1000 

800 

.u 
600 

"' 
" +' 
0 

1.00 
:;; 
Cl. 
E 
~ 

200 

I 
\ 
\ 

\,, 
x' ................... 

10 days 

+ day 

0.5 day 

--L_...J__L__l_.L__L___L_L_.i.:::::,.~/-1--•+-'--'----'----'--'-----'-
20 1.0 60 80 100 -----+ r (cm) 150 

Fig. 9 
Temperature profile for a cylinder with a radius of 20 cm with zero 
initial temperature and a constant surface temperature of 1000° C 
(Carslaw & Jaeger, 1959) . 



conditions with different lithologies and temperature 
profiles, so that the rock properties of each element can be 
established. 
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