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57 ABSTRACT 

A transverse seam wave excited by the blast of 
charges of a directionally oriented blast base is used 
for determination of the continuity of thickness and of 
structural-tectonic elements of mineable layers. Direct 
elements of transverse seam waves and elements re 
flected from tectonic dislocations are picked up by 
pick-up devices and by their character the conditions 
of the structural-tectonic elements of the mineable 
layer may be determined. 

3 Claims, 16 Drawing Figures 
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ARRANGEMENT FOR DETERMINATION OF THE 
CONTINUITY OF THICKNESS AND OF 

STRUCTURAL-TECTONICELEMENTS OF 
MINEABLE LAYERS, PARTICULARLY OF COAL 

SEAMS 

BACKGROUND OF THE INVENTION 
The invention relates to a method and to an arrange 

ment for making seismic measurements in mines in 
order to enable a quantitative and qualitative evalua 
tion of the continuity of the thickness of a mineable 
layer, particularly of a coal seam within the worked 
part of the mine, furthermore to establish any existence 
and course of tectonic dislocations which disturb the 
seam within the measured section including a qualita 
tive evaluation of the magnitudes of dislocation ampli 
tudes of partial tectonic blocs in relation to the thick 
ness of the seam and to determine the course of edges 
of places of the coal bloc, where sudden changes of the 
thickness or of physically mechanical properties of the 
proper mass of the coal seam are occuring. 
A seismic reflex method is known for determining 

ruptures and dislocations within the surface of depos 
ited rock layers, particularly of coal seams of smaller 
thickness by means of boundary waves, which are gen 
erated and are propagated at the boundaries between 
the coal seam and the rock cover and the beadrock. 
The motive components of these kinds of waves are os 
cillating perpendicularly to the surface of the coal 
seam, parallel with the direction of the main beam of 
the elastic wave and symmetrically with respect to the 
center of the coal seam. The exciting of boundary 
waves is accomplished by a disturbance at the center of 
the coal seam; generating thus a symmetric type of 
these waves. It has been found in the course of a further 
development of this method, that not symmetric 
boundary waves can be equally used for registration 
and evaluation of measuring results. The disturbance 
source is for this type of waves situated eccentrically to 
some boundary. 
The geophones are for both described methods 

placed on the boundaries of the coal seam with the 
rock cover and the beadrock and registration of motive 
components is accomplished by couples of geophones 
situated in two horizonts and are with respect to the 
center of the coal seam associated in couples and polar 
ized in counterphase. 
The results of detection of tectonic dislocations by 

the described methods are summarized in a statistic 
analysis, where a 66 percent success of the prognosis is 
specified. As a limiting factor for the applicability of 
the seismic reflex method only a depth range is men 
tioned, equal to a hundredfold thickness of the coal 
seam. Another limitation of the application of this 
method according to published experiences is in that 
the inclination of the investigated tectonic dislocations 
with the surface of the coal seam must be larger than 
30 in order to obtain a reflection capable to be regis 
tered. Reflections from disturbances having a smaller 
inclination than 30' are rather or even completely in 
distinct. 
Another drawback of these methods is that they do 

not always render a clear indication of the first occu 
rance of the reflected waves, which uses to be disturbed 
by complicated interferences, generated in the systems 
of couples of geophones coordinated in pairs and polar 

O 

5 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

3,858, 167 
2 

ized in counterphase, due to loss of the time phase of 
boundary waves, which proceed along tracks of differ 
ent lengths in the rock cover and beadrock of the coal 
seam, determined by the inclination of the tectonic dis 
turbance. Due to difficulties with the determination of 
the first occurance of reflected waves, the accuracy of 
the location of the reflection elements in space is re 
duced. As a mean value for the error of location of the 
reflection element according to the depth range, the 
value of > 10 to 15 percent is generally indicated. 
Both described methods are suitable for investigating 

coal seams of smaller thickness only. In case of coal 
seams of larger thickness, where there is no simulta 
neous access to the rock cover and to the bedrock for 
placing associated couples of geophones directly from 
the mine gallery, what holds true for coal seams of a 
thickness surpassing 3 metres, the described methods 
are from the point of view of operation and economy 
unsuitable and practically inapplicable. 

SUMMARY OF THE INVENTION 
It is an object of this invention to reduce the draw 

backs of known methods and arrangements for deter 
mining the continuity of mineable layers, of changes of 
their thickness, and of their structural and tectonic ele 
ments, particularly of coal seams, which have a re 
duced elasticity with respect to the surrounding rocks, 
forming their rock cover and bedrock. In accordance 
with this invention charges are placed in the central 
zone of the thickness of the coal seams in a multicom 
ponent blast base directionally oriented, when by si 
multaneous discharge mirror symmetrical Rayleigh 
waves are generated with respect to the central part of 
the seam in the boundary surfaces with the rock cover 
and bedrock. By their mutual counterphase effect 
zones of increased tension in the central zone of the 
coal seam are created, parallel with the head of the 
Rayleigh waves. At the place of transformation of the 
increased tension into motive components having a 
transverse direction, oscillating within the plane of the 
coal seam parallel with the heads of Rayleigh waves, 
seismic pick-up devices for registration of transverse 
oscillations of the mass of the coal seam are located in 
the central zone of the coal seam at the edge of the free 
surface created by partial interruption of the coal seam 
by a mine gallery. 
The arrangement for executing this method com 

prises a generator of oscillations connected to the fuse 
of the charges and connected also to one input of a seis 
mic amplifier, to a second input of which a source of 
DC voltage is applied. Groups of seismic pick-up de 
vices distributed in a registration base are connected to 
other inputs. The output of the seismic amplifier is con 
nected to a registration device, which in turn is con 
nected to a time standard. The registration device and 
the time standard are energized from a supply source. 
The axis of maximum sensitivity of the geophones in 
the registration base are at an angle of 45 to 135 with 
the direction of the main beam of the direct or re 
flected transverse seam wave and simultaneously paral 
lel with the plane of the coal seam. The geophones are 
arranged in the pick-up device in two systems so that 
the axis of maximum sensitivity of the geophones of 
one partial system are perpendicular to the axis of max 
imum sensitivity of geophones of the second partial sys 
te. 
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Advantages of the method and arrangement accord 
ing to this invention show particularly in that they en 
able to determine the continuity of the thickness and 
details of structural-tectonic elements of the internal 
composition of a mineable layer, particularly of a coal 
seam. By using a transverse seam wave which has 
higher distinguishing properties and sensitivity in reac 
tion to elastic inhomogenities, which disturb the conti 
nuity or thickness of the coal seam, than known bound 
ary waves, the accuracy of results is increased. The 
transverse seam wave enables to follow tectonic dislo 
cations having with the plane of the coal seam an incli 
nation even less than 30°. They enable furthermore to 
obtain reflections also from flat reverse faults, from 
edges of zones of a distinct change of the thickness of 
the coal seam or from zones of a distinct change of elas 
ticity of the mass of the coal seam, where no proper 
tectonic dislocation exists. Another advantage is the 
possibility to investigate coal seams of any inclination 
and of any thickness if there is the possibility to create 
a free surface within a zone of the coal seam at the 
place of the registration base. The substantial increase 
of the accuracy of measuring results enables an im 
proved determination of the first occurances of waves 
of the transverse seam wave due to elimination of un 
welcomed interferences, generated in systems of geo 
phone couples coordinated in pairs and polarized in 
counterphase. Due to an efficient increase of the signal 
to noise ratio and of the sensitivity of registration, an 
increase of the depth range up to a four hundredfold of 
the thickness of the investigated coal seam for a reflec 
tion measuring method is enabled. If a radiation mea 
suring method is applied, the range is more than a thou 
sandfold of the thickness of the coal seam. 
A further advantage of the object of this invention is 

a simplification of the systems of locating and intercon 
necting of the geophones. As the location is accom 
plished in a single level, there is no need of counter 
phase polarization of geophone couples. Advantageous 
is also the reduction of the number of geophones, hav 
ing as consequence a reduction of the failure rate, of 
the work needed, of time consumption and of costs for 
preliminary and boring work. 

DESCRIPTION OF DRAWINGS 

In the attached drawings examplary embodiments of 
the method and of arrangements according to this in 
vention for determining the continuity of the thickness 
and of structural-tectonic elements of mineable layers 
are indicated, particularly of coal seams, whereby FIG. 
1a and 1b show principles of generation of the course 
and effects of a transverse seam wave, FIG. 2a, 2b, 2c, 
2d and 2e the placing of charges in a coal seam in order 
to generate a transverse seam wave for different thick 
ness of the coal seam and different relative spacial posi 
tion of a mine gallery and of the central zone of the coal 
seam. FIG. 3a, 3b, 3c and 3d show optimum arrange 
ments of multicomponent blast bases directionally ori 
entated for generation of a transverse seam wave hav 
ing its maximum energy in the required direction. FIG. 
4a and 4b indicate an optimum spacial orientation of a 
seismic pick-up device and the axis of maximum sensi 
bility of the geophones. FIG. 5 is an example of utilizing 
a transverse seam wave for determining the continuity 
of a coal seam in a block limited by galleries and for in 
vestigation of tectonics in its field of interest by mea 
suring from a single survey mine gallery. FIG. 6 shows 
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4. 
a fundamental outlay of an arrangement for determin 
ing the continuity of a coal seam and for investigation 
of tectonic dislocations. FIG. 7 indicates the principle 
of a tectonic pick-up device. 
DESCRIPTION OF PREFERRED EMBODIMENTS 

When determining the continuity of the thickness 
and of the structurally tectonic elements of a coal seam 
and the course and extent of tectonic dislocations, 
which are disturbing this coal seam, a transverse seam 
wave 4 (see FIG. la) is generated in the required di 
rection, originating by a counterphase energetic effect 
of mirrorsymmetrical rock-cover and bedrock Rayleigh 
waves which are propagated along the rock-cover 
boundary 7 and along the bedrock boundary 8 of the 
coal seam 1. This coal seam 1 having the thickness 2 is 
situated in a carbon rock massif between the rock 
cover 3 and the bedrock 4. Due to an excitation gener 
ated in point 5 of the central zone 6 of the coal seam 
1, in their phases mirror-symmetrical rockcover Ray. 
leigh waves 9 and a bedrock Raleigh waves 10 with op 
posite polarity of motive components are excited in the 
rock-cover boundary 7 and in the bedrock boundary 8, 
said waves oscillating in counterphase perpendicularly 
to the plane of the coal seam 1, parallel with the per 
pendicular component z and symmetrically with re 
spect to the central zone 6 of this coal seam i, being 
propagated along the rock-cover boundary 7 and the 
bedrock boundary 8 in direction of the main beam 24 
of the transverse seam wave 14 parallel to the longitu 
dinal component x. 

In compression zones 11 and particularly in the com 
pression zone, formed by the head 15 of rock cover 
Rayleigh waves 9 and bedrock Rayleigh waves 10, mo 
tive components 12 of longitudinal direction are gener 
ated, oscillating parallel with the plane of the coal seam 
and with the direction of the main beam 24 of the trans 
verse seam wave 14 in the longitudinal component X 
and furthermore a zone of increased pressure in the 
mass of the coal seam 1 is generated, distributed 
around its central zone 6, parallel with the head 15a 
and 15b respectively of the rock cover Rayleigh wave 
9 and the bedrock Rayleigh wave 10 (see FIG. b) and 
also with the plane of the coal seam 1 and perpendicu 
lar to the direction of the main beam 24a and 24b of the 
transverse seam wave 14, parallel with the transverse 
componenty which are propagated in direction of the 
longitudinal component x at the propagating speed of 
the rock cover and bedrock Rayleigh waves 9, 10, 
whereby the change-over of the compression condition 
to motive components 13a, 13b of a transverse direc 
tion takes place on the edges of free surfaces, formed 
by partial interruption of the coal seam 1 by the mine 
gallery 16a at the place of the registration base 17, said 
motive components 13a, 13.b of a transverse direction, 
oscillating parallel with the plane of coal seam 1 per 
pendicularly to the direction of the main beam 24a, 24b 
of the transverse seam wave 14 which is direct or re 
flected parallel with the transverse componenty with 
maximum amplitudes at the center of the compression 
zones 11. 
The transverse seam wave 14 is reflected from a tec 

tonic dislocation 18 interrupting the coal seam 1. 
Charges 19 (FIG. 2a to 2e) for exciting a disturbance 
are located in the central zone 6 of the coal seam 1 into 
bores 20 bored from the mine gallery 16 at an angle 21 
so that the central zone 6 of the coal seam 1 is thereby 



affected. The bores 20a, 20b (FIG. 3a) are made so as 
to locate charges 19a, 19b in multicomponent blast 
bases in lines 23a, 23b, perpendicular to the direction 
of the main beam 24 a of the direct transverse seam 
wave 14 or of the main beam 24b of the reflected trans 
verse seam wave 14, or at an angle 21a, 21b within an 
angular sector from 45 to 135 with respect to the sup 
posed course of the tectonic dislocation 18. In order to 
rectify the main beam 24 of the transverse seam wave 
14 into the required direction optimum systems of dis 
tribution of bores 20 are selected (FIG. 3b to 3d) in 
multicomponent blast bases 22. The suitability of any 
system depends on the actual complexity of seismo 
geological conditions of the locality and on the diffi 
culty of the problem to be solved. 
The maximum differentiating ability of the registra 

tion with respect to the direction of the main beam 24 
of the transverse seam wave 14 is achieved by placing 
the seismic pick-up devices 25 into the central zone 6 
of the coal seam 1 and simultaneously so, that the axis 
32a, 32b of maximum sensitivity of the geophones 26a, 
26b (FIG. 4a, 4b) are parallel with the plane of the coal 
seam 1 and simultaneously so, that the main beam 24 
of the transverse seam wave 14 strikes the axis 32a, 32b 
of maximum sensitivity of the geophones 26a, 26b per 
pendicularly or within an angular sector at 45 to 135° 
with respect to the axis 32a, 32b of maximum sensitiv 
ity of the geophones 26a, 26b. 
Suitable conditions of incidence of the main beam 24 

of the transverse seam wave 14, coming from any direc 
tion, on the axis 32a, 32b of maximum sensitivity of the 
geophones 26a, 26b are secured by the application of 
seismic pick-up devices 25, where the geophones 26a, 
26b are arranged in two systems so, that the axis 32a of 
maximum sensitivity of geophones 26a of one partial 
system are perpendicular to the axis 32b of maximum 
sensitivity of geophones 26b of the second partial sys 
tem, where the particular partial system of geophones 
26a or 26b is switched on for registration purposes, on 
the axis 32a or 32b of maximum sensitivity the main 
beam 24 of the transverse seam wave 4 impinges within 
an angular sector from 45 to 135 either with respect 
to the axis 32a of maximum sensitivity of geophones 
26a, or with respect to axis 32b of maximum sensitivity 
of geophones 26b. 
The application of the tranverse seam wave 14 for 

determining the continuity of a coal seam in a coal 
block 30 limited by mine galleries 16a, 16b, 16c and for 
following the tectonics in its field of interest by measur 
ing from one survey gallery 16c is shown in FIG. 5. 

If the propagation of a tranverse seam wave 14 which 
is direct or reflected by sections 28a, 28b and 28d of a 
tectonic dislocation 18 in beam sectors 27a, 27b and 
27d is observed, it can be said, that the amplitude of 
fault of the tectonic dislocation 18 in sections 28a, 28b 
and 28d is larger than 30 percent of the thickness of the 
coal seam 1 of the coal block 30 but smaller than the 
whole thickness of the coal seam . If an undistrurbed 
reception of the transverse seam wave 14 is obtained in 
the beam sector 27c, it can be said, that the continuity 
of thickness of the coal seam of the coal block 30 is 
maintained within the whole range of the beam sector 
27c. If only reflection elements 31c, 31d, 31e and 31f 
of the transverse seam wave 14 reflected from the tec 
tonic dislocation are received, it can be said, that the 
magnitude of its amplitude of fault is larger than 30 
percent of the thickness of the coal seam 1 in the coal 
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block 30. The reflection elements 31a, 31b correspond 
to reflections of the transverse seam wave 4 from the 
edges of the zone of a distinct change of the thickness 
of the coal seam 1 in the pressure zone 29. If no passage 
of a direct or reflected seam wave within the beam sec 
tors 27e, 27b is detected, it can be said, that the ampli 
tude of fault of the tectonic dislocation 18 in sectors 
28e, 28f is larger than the thickness of the coal seam 1, 
or the elasticity of the mass of the coal seam 1 in the 
beam sector 27f is affected by inhomogenities or by a 
substantial reduction of the thickness of the coal seam 
1, which prevents the passage of a direct or reflected 
Sea WaVe. 

The application of a tranverse seam wave 14 for de 
termining the course of tectonic dislocations in the 
field of interest of the mine can be also accomplished 
from a single mine gallery 16c (see FIG. 5 without the 
galleries 16a, 16b). In that case it is possible to register 
on the registration basis 17 reflection elements 31d, 
31e and 31f of a transverse seam wave 14, reflected 
from a tectonic dislocation 18 and excited from blast 
bases 22a, 22b, 22h. 
The determination of the continuity of a coal seam 1 

and of the course of tectonic dislocations in a coal 
block 30 is according to this invention accomplished by 
means of an arrangement (see FIG. 6) where a genera 
tor 33 of oscillations connected to one input of a seimic 
amplifier 35 is connected to the fuse 34 of the charges, 
arranged in the blast base 22 of the mine gallery 16a. 
A source 36 of DC voltage is connected to a second 
input of the seismic amplifier 35. Groups of seismic 
pick-up devices arranged in the registration base 17 in 
the mine gallery 16c are connected to other inputs of 
the seismic amplifier 35. The output of the seismic am 
plifier 35 is connected with a registration machine 37, 
which itself is connected to time standard 38. The reg 
istration machine 37 and the time standard are con 
nected to a supply source 39. 
The geophones 26a, 26b are in the seismic pick-up 

device 25 (see FIG. 7) arranged in two systems so, that 
the axis 32a of maximum sensitivity of the geophones 
26a are perpendicular to the axis 32b of maximum sen 
sitivity of geophones 26b. The required sensitivity of 
the seismic pick-up device 25 is achieved by increasing 
the number of geophones 26a, or 26b respectively, con 
nected in series and oriented with conformingly situ 
ated axis 32a or 32b of maximum sensitivity. 
We claim 
1. Arrangement for determination of the continuity 
of thickness and of structural-tectonic elements of 

mineable layers, particularly of coal seams, having a re 
duced elasticity with respect to surrounding rocks, 
forming their rock cover and bedrock, providing a mul 
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ticomponent blast base directionally orientated, com 
posed of charges arranged along a line forming an angle 
of 45° to 135 with respect to the direction of the main 
beams of a transverse seam wave, a fuse for discharge 
of said charges, a generator of oscillations, a registra 
tion base composed of a number of seismic pick-up de 
vices, said seismic pick-up devices arranged at the edge 
of a free surface, created by partial interruption of the 
coal seam by a mine gallery, a seismic amplifier having 
a number of inputs and at least one output, a registra 
tion device, a time standard, a DC voltage source for 
the seismic amplifier and a supply source for energizing 
the registration device and the time standard, the gen 
erator of oscillations connected to the fuse for dis 
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charge of the charges, the generator of oscillations con 
nected to a first input of the seismic amplifier, to a sec 
ond input of the seismic amplifier the DC voltage 
source being connected, other inputs of the seismic am 
plifier connected to groups of seismic pick-up devices, 
the output of the seismic amplifier connected to the 
registration device, which in turn is connected to the 
time standard, both being energized from the supply 
SOLICe. 

2. Arrangement as set forth in claim 1, the seismic 
pick-up devices comprising geophones, the axis of max 
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8 
imum sensitivity of which are at an angle between 45° 
to 135 with respect to the main beam of the direct or 
reflected transverse seam wave generated by the blast 
and simultaneously parallel with the plane of the coal 
seam (1). 

3. Arrangement as set forth in claim 2 where the geo 
phones of the seismic pick-up device are arranged in 
two partial systems, the axis of maximum sensitivty of 
one partial system being perpendicular to the axis of 
maximum sensitivity of the second partial system. 
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