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METHODOLOGY
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3D STRUCTURAL MODEL, LITHOTYPE 3D MODEL
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3D PARAMETRIC MOOGHPETROPHYSICAL PROPERTIES
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3D PARAMETRIC MOODHEEOMECHANICAL PROPERTIES
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INITIAL STRESS AND STRAIN IN REGIONAL MODEL
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EFFECTIVE COUPLING OF FLOW AND GEOMECHANICAL SIMULATIONS

PROBLEMSimultaneous flow and geomechanical
simulationg complexsimulation modelling of very high
computational costs
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EFFECTIVE COUPLING OF FLOW AND GEOMECHANICAL SIMULATIONS
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GEOMECHANICAL EFFECTS UPON ROCK PROPERTIES

Geomechanical state variations during coal mining:

A elastic deformations due to pressure reducti@ontinuous variatioris global (model) rangg implicit simulations
A plastic deformations due to excavation activitigaodel) discrete variatiorislocal rang& explicit simulations
A rock (coal) failuré (model) discrete variatiorzslocal rangé explicit simulations

Effects of geomechanical state variations upon transport properties of rocks:

Ve

A porosity,f (pore volumeP\) modifications due to elastic and plastic deformations

Ve

A permealbility, k (transmissibility, T) modifications due to elastic and plastic deformations

A diffusion rate increase due tock (coal) failure

EFFECTS OF CONTINOUS DEFORMATIONS

Effective correlations between reservoir pressure variatdjsand rock transport properties
(DT, DPV)implicitelyapplied in simulation process and combined from:

A local correlations between reservoir pressure variatidB¥ &nd modifications of rock
transport properties frogeomechanical
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(DT,DPV), e.g. ynoog¥X

KozenyCarman isotropic model Es —
nrfp n ] 7 -

ARy T | ﬁ

| | ] '

where: I D . >
4 moditfri @rds mii stihbaiidm rt e/ct i &
4 i nittriaaals mii istihbai id ni rt g/ C Localcorre:%on:dgvsAP $
N modidgaregsi ty ) IQI
n i niptoiralsi ty ‘f AT=giae)
Yn chamgerosity ‘ ;
Y chamngel unsettrraiicn WI

BiNictoef fi ci ent

Local correlation: APV vs AP

EFFECTS OF DISCRETE DEFORMATIO

Steplike modifications of rock transport propertied (DPV) explicitly
introduced into simulation process and determined from correlations
between the properties and geomechanical state modificabogb §,

e.g.

Durucanand Shi anisotropic model
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DISCRETIZATION OF THE SIMULATION PROCESS
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Longwall advancement [m]

Model calibratior? history matching

Calibration data: historical data of the coal production from the C lot of thecb@lseam:

A Schedule and measurement data from the excavation and ventilation of the gate roads before the coal exgaiatio
injection, total gas and methane production of the ventilation systevs time (29.01.2018 through 31.08.2019)

A Schedule and measurement data from the C lot coal production: air injection, total gas and methane production |
(1) ventilation system,

(2) standard methane drainage boreholg®uped into 19 clusters

(3) directional methane drainage boreholess time (01.09.2019 through 28.02.2020)

A Pressure conditions of the ventilation system and the methane drainage boreholes

17a %

N
o
o

w

a1

o
o

w
o
o

IS

13 anom

N
a
o

12 L)
11 eom—

N
o
o

Cluster no.
=
o
w

150

N

H
o
o
Directional wellbore no.

[

50 * measurements
—interpolation

P NWAO O N ®

0
08.2019 09.2019 10.2019 11.2019 12.2019 01.2020 02.2020 08.2019 09.2019 10.2019 11.2019 12.2019 01.2020 02.20:

Date [mm.yyyy] Date [mm.yyyy]

08.2019 09.2019 10.2019 11.2019 12.2019 01.2020 02.2020
Date [mm.yyyy]

The longwall advancement during the C lot coal The production intervals of standard methane The production intervals of directional methan
production drainage borehole clusters drainage boreholes



Model calibratior? history matchingesults
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Effects of methane drainage by the directional boreholes

Comparison of simulation results for scenarios with the directional boreholes vs scenarios without the directional borehc
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SUMMARY ANDONCLUSIONS

Toassesghe effectivnessof the aplied drainegetechnologya numericalmethods
couplinggeomechanicahandfluid flow models were used

The method proposed in the studies and comprising effectively coupled
geomechanicabnd dynamicalsimulationsof reservqwreﬂlon and its”extension
allows to take into accountimpact of geomechanicaleffects (DeDs) upon
transport properties of reservoir rock SDPV, DT ) at various consideredstages
includinggate road excavationslong wall movementor drilling conventionaland
II_DI%I\D/DS_lqudmgcontmuousflow and geomechanicaVariations DP- D eD s-

the quantitative results of those geomechanicakffects depend upon detailed
Propertlesof both geomechanicastate evolution and geologicalcharacteristicof
he coalseamand surroundingstrata,

the foII_owin? 2 correlations are key factors when the effective transport
propertiesof the rockare concern

the correlationbetweengeomechanicastate (stressandstrainfield) and

and rock transport properties Kozeny¢ Carman(isotropic model) and
Durucanand Shi(anisotropicmodel)

Thepresentedresultsprove the effectivenessf the proposedmethanedrainage
with_the use of the longreach directional boreholes In particular, the method
significantly(by ca 52°A)()}decreasesthe methane content in the ventilation gas
and notably reducesthe methanecontentin the coalmatrix of the excavatedcoal
seam



