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Abstract: Deterioration of geological and mining conditions for underground extraction of coal deposits with in-
creasing depth leads to significant gas release into mine workings, reaching 45 m* or more per 1 ton of coal mined
at some mines. Existing standard methods for degassing of stressed coal seams often do not provide required degas-
sing efficiency of 50 % and more for rhythmic operation of production faces. In some conditions, open-hole degas-
sing efficiency of 30 % can be achieved, which allows to increase output per face up to 1,000 tpd with gas release
from seam up to 5 m*/min. However, at depths of 1,000-1,300 m and high-performance operation of longwall sets
of equipment, gas release can reach 170 m*/min that causes face stoppages due to gas hazard and slows down the
pace of stope development and stoping. In addition, preliminary seam degassing requires rather long time. Modern
achievements in the field of rock hydraulic fracturing are the basis for the development of low-energy safe and en-
vironmentally friendly technologies for degassing of stressed gas-saturated coal seams. The paper presents the find-
ings of our studies on hydrodynamic action (HDA) on a gas-saturated flat-lying coal seam and the developed meth-
od for degassing and reduction of gas-dynamic activity of stressed coal seams in mine workings. Chemical interac-
tion of some coal free radicals with water molecules and hydrolysis products has been revealed, resulting in for-
mation of stable compounds. This leads to decreasing concentration of coal paramagnetic centers (PMC) and sorp-
tion activity. Our mine tests have for the first time found hydrodynamic effects on geotechnical and gas-dynamic
processes in a coal mass during formation of a zone of intense gas release. Technology and layout for hydrodynam-
ic action-based degassing of gas-saturated flat-lying coal seams have been developed, providing for spatial and time
separation of seam degassing and coal extraction processes.
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Paspadorka cnocoda gera3anuu ra3oHaCbIIEHHBIX MOJOTMX YIOJbHBIX IIACTOB
THAPOAUHAMMYECKUM BO3/IeliCTBHEM
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AHHOTaNUS: YXYAIICHHE TOPHO-TEOJIOTMYECKUX YCIOBUHU MOJI3EMHON pa3pabOTKU yroJMbHBIX MECTOPOXKICHUHN C
IyOMHOUM TIPHBOAMT K 3HAYUTEIBHOMY Ta30BBIJICIICHHAIO B TOPHBIC BBIPAOOTKH, KOTOPOE HA OTACIBHBIX IIaXTaxX
mocrturaet 45 M° 1 BbImE Ha 1 T no66ITOro yrimsa. CyliecTBYIOMEe HOPMAaTUBHBIE CIIOCOOBI JIeTa3aliy HalpsDKeH-
HBIX YTOJIbHBIX IJIACTOB 4acTO HEe 00eCIeurnBa0T HEOOXOMMOM JIsi PUTMHUYHOHN paOOThl OUMCTHHIX 3a00¢B 3 dek-
TUBHOCTH Jierazaryu 50 % u Beile. B HEKOTOPHIX YCIOBUSAX MOXHO TOCTHYB 3P(HEKTUBHOCTH CKBRKHHHOM Jiera-
sammu 30 %, YTO MO3BOJIAET YBEIMUYUTh HArpy3kKy Ha JyiaBy jno 1 000 T/cyT mpu ra3oBBIACICHHU M3 IUIACTa [0
5 m*/mun. OnHako Ha rayomHax 1 000—1 300 M MpH BBICOKOPOM3BOUTENBHOM PAGOTE OYMCTHBIX KOMIUIEKCOB
BBIZICICHHUE ra3a MOXKET H0CTHraTh 170 M®/MHH, 9TO MPHBOAMT K OCTAHOBKAM 3a60EB 10 ra30BOMY (BakTopy H
CACPKMBACT TEMIThI BEJICHUS OYMCTHBIX M TOJTOTOBHTEIBHBIX pa0boT. KpoMe Toro, mpeaBaputenbHas Jera3amus
TUTACTOB OCYIIECTBIISIETCS IOBOJIBHO MPOAOIDKUTENbHOE BpeMs. COBpeMEHHbIE JOCTH)KEHHS B 00JIACTH TUAPOPA3-
PYIIEHUS TOPHBIX TOPOJ SBJISIFOTCS OCHOBOHW I Pa3pa0OTKH MajIOdHEProeMKUX OE30MacHBIX M IKOJIOTHYCCKH
YUCTBIX TEXHOJIOTUH JIera3alliy HAIPSDKCHHBIX Ta30HACHIIICHHBIX YTOJBHBIX IUIACTOB. B cTaThe mpuBEnEHBI pe-
3yJABTAThl WCCIIECNOBAHUN BIMSHIS THApoAWHaMHYeckoro BosaeicTeus (I'/[B) Ha ra30HACHINICHHBIN ITONOTHI
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YTOJIBHBIN TUIACT M pa3pabOTKU Croco0a Jiera3anuyd U CHUKCHUS Ta30IMHAMUYECKON aKTUBHOCTH HANPSKCHHBIX
YTOJIBHBIX TUTACTOB B TOpHBIE BeIpaboTku I'JIB. YcTaHOBIEHO XMMHYECKOE B3aWMOJCHCTBHE YACTH CBOOOIHBIX
PaJAMKAJIOB YIJIsl C MOJICKYJaMH BOJIBI M MPOJTYKTaMH €€ THAPOJIN3a, B Pe3yIbTaTe KOTOPOTO 00Pa3yIOTCS YCTOMYHN-
BBIC COCJIMHEHUS, UTO MPUBOIUT K CHIDKEHUIO KOHIICHTPAIMU apaMarauTHeix rieHTpoB ([IMII) B yrie, u cooTseT-
CTBEHHO K YMEHBIIEHUIO COPOIMOHHOTO B3auMoOneHCTBH. [IIaXTHRIMH 3KCTIEpUMEHTAaMH BIIEPBHIE YCTAHOBIEHO
BIIHSTHHE THAPOIUHAMHYECKOTO BO3/ICHCTBYSI Ha MTPOTEKaHNE TEOMEXaHMIECKUX U Ta30JMHAMHYECKUX MIPOIECCOB B
YTOJIBHOM MAacCUBE NMPHU 00pa30BaHUM 30HBI MHTCHCHUBHOTO Ta30BbIACICHUs. Pa3paboTaHbl TEXHOJNOTUS M CXeMa
Jlera3allid Ta30HACKHIIICHHBIX TOJOTUX YTOJBHBIX IIACTOB THAPOJAMHAMHUYECKHM BO3JECHCTBUEM, MpEIyCMaTpU-
BaIOIIME pa3JielIeHNe B MPOCTPAHCTBE M BPEMEHH MTPOIIECCOB JOOBIYM YTIIS M IETa3allii TIACTOB.

KuioueBblie cjioBa: OypoBbI€ CKBKWHBI, HANPSKEHHO-IE(OPMHUPOBAHHOE COCTOSHHE ILIACTa, THAPOJAMHAMUYE-
CKOE BO3/CHCTBUE, HHTCHCU(MKAIIUS JIeTa3aluyd YTOJILHOTO IutacTta, mapamerpsl ['JIB, cxembl nerazanuu Hamps-
JKEHHBIX I1J1aCTOB.

Jas nurtupoBanus: I'aBpmnoB B. . Pa3zpabotka cioco0a fmerazanuy ra30HACHIIIEHHBIX MOJOTHX YTOJIBHBIX TITa-
CTOB THAPOTUHAMHUYECKUM Bo3aehcTBreM. [ opubie nayku u mexrnonozuu. 2019;4(3):160-171. DOI: 10.17073/2500-

0632-2019-3-160-171.

Introduction

Increasing depth and intensity of mining is
accompanied by increasing gas volumes in
mines, leading to increasing costs and decreasing
productivity and labor safety. The adverse dy-
namics of injuries from gas and dust explosions,
various manifestations of gas-dynamic phenom-
ena cause severe social and economic conse-
quences [1-3].

In modern conditions, gas release from be-
ing extracted seams can reach 45 m3/t and more.
It is impossible to ensure high level of coal pro-
duction without drastic reduction in gas release
into mine workings, first of all, from coal seams.
For cost-effective operation of a longwall set of
equipment, methane drainage efficiency should
be at least 50 %. The use of traditional methods
of methane drainage and reducing gas-dynamic
activity of coal seams based on drilling of me-
thane drainage boreholes has sharply decreased
with increasing mining depth due to decreasing
the radius of borehole effect. Seam methane
drainage efficiency can be slightly increased due
to active impacts on gas-bearing coal seams,
such as, for example, interval hydraulic fractur-
ing, two-stage pumping of liquid, hydro-pulse
treatment, etc. However, these local technologies
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are very rarely used due to the complexity of
their implementation in constrained underground
conditions, high probability of water break-
throughs into mine workings and, most im-
portantly, the lack of time for painstaking and
large-scale work [4-7].

Scientists of the IGTM of NAS of Ukraine
have developed and introduced, at Donbass
mines, environmentally friendly and energy-
saving method of hydrodynamic action (HDA)
on a coal seam by working fluid (water) that re-
sults in redistribution of rock and gas pressure,
coal softening and, thus, methane desorption. On
the basis of the approach, standards-compliant
methods have been developed and introduced for
opening outburst-prone coal seams by crosshead-
ings and preventing coal-and-gas outburst in the
lower part of webs extracted by header units [8].

Gas-saturated coal seam stress relief by
hydrodynamic action results in increasing per-
meability, fracturing, and fracture joining into
filtration channels through which free and ad-
sorbed methane moves towards the borehole.
Notice that in this case the adsorbed methane is
contained in closed pores isolated from each oth-
er, and, in zones of maximum compressive
stresses, the seam transforms into a disturbed
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structure of the V type, in which the pore radii
are comparable to the sizes of the adsorbed mol-
ecules. Due to the hydrodynamic action, the coal
seam is disintegrated and part of the coal is ex-
tracted from the coal-rock mass. This leads to
decreasing load-bearing strength of the seam and
weakening of interlayer contacts in the roof
rocks that, when extracting the seam, ensures
uniform (without delays) development of strains
and eliminates manifestation of sudden coal-and-
gas outbursts [9].

The main idea of this study is to use the
revealed patterns of geomechanical and gas-
dynamic processes during hydrodynamic action
on a gas-saturated coal seam through under-
ground boreholes and the features of the pro-
cesses of gas release from the seam into under-
ground mine workings after carrying out preven-
tive work to determine effective parameters of
the method of HDA on flat-lying coal seams and
its implementation layout under mining condi-
tions.

To achieve this goal, the following prob-
lems are being solved:

— studying the reasons for the insufficient
effectiveness of the existing methods for a coal-
rock mass methane drainage and justifying the
prospects of the hydrodynamic action;

— revealing the patterns of geomechanical
and gas-dynamic processes during hydrodynamic
action on a gas-saturated coal seam through un-
derground boreholes and the features of the pro-
cesses of gas release from the seam into under-
ground mine workings after carrying out preven-
tive work;

— determining technological parameters of
the HDA method for flat-lying coal seams and
developing a promising process layout for coal
seam methane drainage by hydrodynamic action.
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The study methods. Analysis of the effec-
tiveness of traditional mine methane drainage
methods; laboratory, mine studies and commer-
cial testing of the hydrodynamic method of coal
seam methane drainage using the method of sta-
tistical data processing; mechanical and geo-
physical methods of mine instrumental meas-
urements.

The study findings. The main methods of
methane drainage, their disadvantages and ad-
vantages are described in detail in the works
of A. T. Airuni, G. D. Lidin and other
authors [10-13].

The performed analysis of the traditional
coal mine methane drainage methods and means
effectiveness showed that:

— further increasing the production face
producibility is possible only if the problem of
controlling gas-dynamic condition of f coal-rock
mass is effectively solved,;

— traditional methods of methane control in
coal mines in situation of permanent intensifica-
tion of mining operations and extraction shifting
to ever deeper levels often can no longer provide
both large coal extraction and safe working con-
ditions. The effectiveness of seam underground
methane drainage is limited by the value of gas
drainage efficiency of 0.2 and can be slightly
increased by conducting active actions on coal-
gas bearing seam/series (for example, interval
hydraulic fracturing, gas-hydro-pulsed action,
etc.). However, these local technologies are very
rarely used due to their implementation complex-
ity in restrained underground conditions, high
probability of water breakthroughs in mine
workings and the lack of time for painstaking
and large-scale work;

— hydrodynamic method of methane drain-
age gas-saturated flat-lying coal seams requires
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theoretical and experimental substantiating stud-
ies, as borehole as extensive testing in mine con-
ditions.

Any, including technogenic, imbalance in
the coal-gas system leads to diffusion, filtration,
sorption-desorption processes and, most im-
portantly, to methane generation in a coal seam
[14]. The system destabilization is due to in-
crease or decrease in pressure. In this case, the
ratio of free and adsorbed gas changes. The ad-
sorbed-free transition of gas (and vice versa)
proceeds at different rates. Information on
changing the kinetic parameters is of great prac-
tical value for coal seam methane drainage and
decreasing its gas-dynamic activity.

The effect of hydrodynamic action on the
degree of coal seam methane drainage was stud-
ied using electron paramagnetic resonance (EPR)
method. The use of computer facilities during the
experiments and signal recording allowed reach-
ing much higher level of information content,
accuracy, and reliability of the information ob-
tained.

The experiments were carried out accord-
ing to proven techniques, providing for recording
superhigh-frequency energy absorption spectrum
by paramagnetic centers (PMCs) of coal under
normal conditions and at the moment of stabili-
zation at increasing pressure to 6 MPa [15-18].
Using the EPR-PC system made it possible to
record the transition process in time at high accu-
racy and survey its parameters.

The study of the Kkinetic parameters of
coal-gas interaction was carried out on coal sam-
ples taken from seams I, of PJSC "Mine named
after AF. Zasyadko" and I*& of Mine
"Sukhodolskoe-Vostochnoe" in the process of
applying the hydrodynamic action.
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The transition process was approximated
by the exponential law being characteristic of
fast gas-dynamic processes in coal seams [19]:

t
| = IHCX—KN{l—eTJ,

where | is integrated intensity of EPR spectrum
of coal sample; li, is integrated intensity of the
initial EPR spectrum of the coal sample; Ky is
passivation factor, which reflects the percentage
of paramagnetic centers capable of interacting
with the gas in the coal, %; t is current time, s; T
is response time of the transition process, s.

The laboratory studies showed that hydro-
dynamic action results in decreasing concentra-
tion of paramagnetic centers in the treated coal
approximately 3 times compared with the initial
values. Hydrolysis of coal leads to rupture of
various bonds and the component composition
change. Cyclic mechanical effects result in rup-
ture of bonds in the aromatic ring of a coal mole-
cule. HDA obviously promotes coal interaction
with water molecules and its hydrolysis prod-
ucts, resulting in forming stable that, in turn,
leads to decreasing concentration of paramagnet-
ic centers in the treated coal and, corresponding-
ly, to decrease in sorption interaction (Table 1).

Thus, the hydrodynamic action affects the
intermolecular mechanochemical interaction of
coal and methane gas, the sorption properties of
coal, and increases the coal fracturing that finally
promotes the coal seam methane drainage.

Commercial-scale implementation of the
hydrodynamic action method of methane drain-
age and reducing gas-dynamic activity of gas-
saturated flat-lying coal seams I, of PJSC Mine
named after A.F. Zasyadko and Is* of
Sukhodolskoe-Vostochnoe Mine are adequately
covered in [20-22].
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Table 1

Kinetic parameters of transient process of coal and gas interaction
after HDA in I, seam (3rd western belt heading)
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Fig. 1. Drilling pattern in the 23rd eastern inclined longwall
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Fig. 2. Change in degassing borehole flow rate at Picket53+1 m after HDA

EXPLOITATION OF MINERAL RESOURCES




MINING SCIENCE
AND

FOPHbIE HAYKWU U TEXHOJIOrMA

VOL. 4, N2 3 (2019)

A, % N;, uMIIL.

0,9 A
08 A \ A 1 20

| | I M\
0,7 v Pz ]
06 / & l/’\ o ‘ \k 15

' Nl | 1 J N
0,5 \ ||
04 2 A X 1

) A q
03 ‘i\ /PGA N / !3 /\(
0,2 M /\\ 5
01 SV o

0 0

0o 2 4 6 8 10 12 14 16 18 20 22 24 26 28 T, cyT

Fig. 3. Trends of geotechnical and gas-dynamic characteristics for I, seam in the process of HDA:
1 — acoustic emission; 2 — methane concentration increment

Five technological and four methane drain-
age boreholes were drilled in the conveyor drift
of the 23rd eastern inclined longwall of the
Sukhodolskoe-Vostochnoe Mine The layout of
the boreholes is shown in Fig. 1.

Observations showed that during the op-
eration of the underground boreholes, methane
drainage through them is uneven. After hydro-
dynamic action, increased methane drainage is
observed, which reaches maximum for 60-100
days, and then its gradual decrease occurs. Fig. 2
shows the results of measurements of a methane
drainage borehole flow rate after HDA at various
distances to a longwall.

After hydrodynamic action through a tech-
nological borehole, methane drainage in the me-
thane drainage borehole gradually decreases,
reaching minimum value when the longwall ap-
proaches 120-100 m of the borehole. This is ex-
plained by decreasing free methane content in
the seam and the support pressure influence.

With further approach of the longwall to
the boreholes, methane release through them
gradually increases due to redistribution of rock
pressure forces and development of an additional
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fracture system due to the collapse of the roof
rocks.

Maximum values of methane release from
the boreholes were recorded when the longwall
was located at a distance of 15-20 m. After that,
the methane release from the boreholes decreases
until they cross the longwall face due to rapidly
increasing volume of fractures connecting the
boreholes to the longwall face, reducing the
amount of free gas in the coal and the methane
release directly into the longwall.

In total, more than 199 thousand m* of me-
thane were released from the technological bore-
holes. The average life of such boreholes was 60
days at average flow rate of 416 m3/day per
borehole; the amount of methane released from
one borehole was more than 25 thousand m®.

Hydrodynamic action on a gas-saturated
coal seam with periodic extraction of methane
and a part of the disintegrated coal from under-
ground boreholes leads to redistribution of
stresses in the rock mass, which is described by
the statistical characteristics of the dynamics of
acoustic emission (AE) activity [23]. In turn, the
change in the stress-strain state of coal and rocks
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has significant effect on the change in the gas
release intensity [24].

The change in the geomechanical state of
the coal-bearing mass was evaluated based on
the acoustic emission using sound-detecting
equipment (SCE). The seismic receiver installa-
tion method and its radius of action were deter-
mined according to [25].

Figure 3 shows the findings of monitoring
the nature of changes in geomechanical and gas-
dynamic processes in seam |y during three-time
hydrodynamic action through the technological
borehole drilled at Station42+5 m.

Analysis of the graphs shows the con-
sistent dynamics of the processes in the individ-
ual areas. General trend to delay of the local
maxima of the increase in methane concentration
in relation to the AE local maxima is observed.
For instance, in the first cycle, local maximum of

the acoustic emission intensity was recorded on
the third day, whereas local maximum of the me-
thane concentration in the air stream in the work-
ing was recorded on the sixth day. Similarly, af-
ter the second action cycle, performed 15 days
after the first action cycle, local maxima of the
methane concentration and AE activity were rec-
orded on the 17th and 21st days, respectively.
After the third action cycle on the 24th day, local
maxima of A and AE were recorded on the 27th
and 28th days, respectively.

Thus, the investigations of HDA influence
on the interaction of geomechanical and gas-
dynamic processes (in the same mining and geo-
logical conditions) showed time lag of the local
maxima of methane concentration in relation to
the acoustic emission maxima by 1-5 days. The
HDA effect on the processes is described by a
sextic polynomial.

Fig. 4. Arrangement of flat-lying coal seam degassing using hydrodynamic action
1 — separating strip; 2 — degassing borehole in a seam; 3 — degassing borehole in host rock; 4 — air governor; 5 — gas pipeline;
6 — cages; a — initial spacing of main roof breaks; b — spacing of main roof breaks;

——direction of intake air;
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— ———direction of return ventilation air
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Fig. 5. Calculation pattern for degassing borehole parameter determination

Based on the analysis of the conditions for
extraction of gas-saturated coal seams and the
studies findings, the promising Process Flow
Schematic (PFS) for seam methane drainage us-
ing the hydrodynamic action was developed. The
PFS provides for drilling, from development
workings or special niches, of technological
boreholes for coal and methane drainage bore-
holes for rock (Fig. 4).

Borehole drilling into a coal seam shall be
performed through the bottom rocks. The length
of the rock part of the borehole should be at least
10 m. The technological borehole parameters are
determined graphically taking into account the
seam thickness and dip angle, the distance to the
point of maximum support pressure, and the dis-
tance from the working bottom to the borehole
collar. Drilling of methane drainage boreholes is
performed through the roof rocks. The length of
sealed part of the methane drainage borehole is
determined by its length in the immediate roof
rocks, but should be at least 6 m. The methane
drainage borehole drilling parameters are deter-
mined by calculations (Fig. 5).

The angle between the seam roof and the
methane drainage borehole

m +m
B =arctg o F

™ degrees,

3
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where m_— the basic roof thickness, m; m_— the
immediate roof thickness, m; I, — distance to the

zone of maximum support pressure, m.
Borehole length:

I, =+/(m, +m ) +IZ, m.
Methane drainage borehole angle up the
plunge:

m, +m

o, =P+a, =arcty “+a,, degrees,

where o, — seam dip angle, deg.

Methane drainage borehole angle to the
dip:
m, +m

o, =P —a, =arctg *—o,, degrees.

3

Depth of sealing of methane drainage
borehole:
=
sin B
After borehole casing with steel pipes
102-114 mm in diameter and sealing it, the mod-
ified ZVD200/4 gate valve with control mecha-
nism and a remote control panel is installed on
the casing mounting flange. The hydrodynamic
action parameters are given in Table 2.
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Table 2
Parameters of the method for flat-lying coal seam degassing intensification
Item Quantity

Methane drainage borehole diameter, mm > 76
Methane drainage borehole diameter in sealed part, mm > 150
Methane drainage borehole length within coal, m > 20
Methane drainage borehole length within rock, m Calculated
Depth of sealing of methane drainage borehole, m >6
Fracturing fluid feed pressure, MPa <5
Residual pressure in the borehole after pressure relief, MPa 0
Volume of liquid discharge in the end of each cycle, m* 0.3-1.0
Coal recovery factor >0.01
Efficiency of methane drainage 0.3-0.8

When the ZVD200/4 gate valve is closed,
the main pump feeds water through the borehole
into the coal seam until the working pressure is
reached, then the gate valve opens and the pres-
sure is released to the value that determines the
required pressure difference in the seam. As a
result, water is discharged from the borehole
along with the ruptured coal and free and de-
sorbed gas (methane). The cycles of pressure rise
and relief are repeated until the particles of the
ruptured coal are thrown out the borehole or
when the required amount of coal and gas ex-
tracted from the treatment zone is reached. After
HDA completion, the flange of the corrugated
gas outlet hose of the methane drainage system is
installed on the mounting flange of the casing.

Conclusions

As a result of the mine research of the
method for methane drainage of gas-saturated
flat-lying coal seams by hydrodynamic action,
the following is established.

1. The currently used standard methods for
methane drainage of gas-saturated coal seams at
great depth often do not provide required me-
thane drainage efficiency of 50% and more to
ensure rhythmic operation of production faces.
This results in decreasing rate of development
and stoping work.

2. For the first time, the influence of hy-
drodynamic action on the degree of methane
drainage of gas-saturated seams was revealed.
Effect of pressure decreases the content of active
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paramagnetic centers (capable of interacting with
methane) in coal that, in turn, decreases bounda-
ry sorption capacity of the coal substance. To
evaluate the duration of sorption and desorption
interactions in coal — gas system, it is proposed
to use the transient process time indicator Ty,
which characterizes the substance fracturing
(broken condition).

3. The synchronous nature of the change in
geomechanical and gas-dynamic behavior of
coal seam after the hydrodynamic action (HDA)
was established. Our studies showed time lag of
the local maxima of methane concentration in
the working air stream in relation to the acoustic
emission maxima by 1-5 days.

4. Intensive gas release from underground
boreholes after HDA is affected by the tempo-
rary support pressure of the approaching
longwall. As the longwall approaches, methane
flow rate of the boreholes initially decreases, and
then increases sharply, reaching maximum at the
distance of 25-15 m from the boreholes. Later,
during underworking of the boreholes, the me-
thane release from them decreases due to me-
thane release immediately into the longwall and
mined-out space.

5. The technology and method for intensi-
fying methane drainage of flat-lying gas-
saturated coal seams have been developed; the
method parameters allowing achieving methane
drainage efficiency of 30—70% in the treated are-
as have been determined.
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