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CONVENTIONAL LRDD

Bore hole n o TM 5. length:  302 
m

Bore hole n o TM 4. length:  301 
m

Bore hole n o TM 3. length: 300 
m

Bore hole n o TM 2. length: 401 
m

Bore hole n o TM 1a. length: 
402 m

OBJECTIVES
aims to assess the effectiveness of the coal 
mine methane drainage in the multiςseam 
coal mine situated within the Upper Silesian 
Coal Basin (USCB) in Poland using the LRDB 
and cross measure boreholes. 
Determination of the effectiveness of the 
CMM drainage is carried out using numerical 
methods coupling geomechanics with the 
modeling of the reservoir fluid flow. 

STUDY LOCATIONAND OBJECTIVES

501 CS: depth 550-590 , BSL
Thickness2.8 ς3.6 m



METHODOLOGY

Largescale3D model

horizontal grid resolution of 25 x 25 m

horizontal grid resolution 

of 6 x 6 m

Localscale3D model

Integrated geological geomechanicaland fluid flow modelling 

and simulation workflow



Lithotype 3D model of the stratabetween surfaceand 610 CS (left) and betweenCS 414 and 610 coal seams

Structureof 501 CS

3D STRUCTURAL MODEL, LITHOTYPE 3D MODEL

Å Developmentof large scale and high

resolution 3D structural models

depictingtectonicsettings, geometryof

mainstructuralsurfacesandthicknessof

particularlithologicalunits

Å Developmentof large scale and high
resolution3D lithotypemodelsdriving
parametricmodelsof petrophysicaland

geomechanicalproperties



Fig. 4.Petrophysicallargescalemodels of theC field strata between top surfaceand 610 CS  in the Murcki-Stasziccoalmine

Density Porosity

Lithotypes

3D PARAMETRIC MODEL ςPETROPHYSICAL PROPERTIES



Diagram presentingthe lithologicalmodel (track1), HRA based
lithotypes(coalςmarkedin pink, sandstonesin red, shalesin green
sandyshalesin green-yellow(track3), input data (GR - Gamma Ray, 
vp - compressionalvelocity, vs - shearwavevelocity, ́  - density) 
(track4) and calculatedstaticmechanicalparameters(UCS ςmarked
with orangedashedline, Young modulusςmarkedwith blue line and 
Poisson ratio ςmarkedwith pinkcontinuousline). 

tƻƛǎǎƻƴΩǎratio

3D PARAMETRIC MODEL ςGEOMECHANICAL PROPERTIES

Frictionangle

Young modulus

Lithotypemodel

Basedon welllog data; KWK M-S archivaldata; WP2 data; Zhuet al., 2019; Ortuz, 1986; Jacobsen, 1942; Szottet 

al., 2018; Malkowski, 2008; Godula, 1984)

Localscaleparametric
3D modelsof 
petrophysicaland 
geomechanical
properties

UCS

TENSILE



Fig. 4. Geomechanicallargeςscale
model of the C field in the 
Murcki-Stasziccoalmine

(Dubinskiet al., 2019)

Porepressure

(Rozkowskiet al., 1990)

WesolaPIG-1 DIFS/breakouts)

INITIAL STRESS AND STRAIN IN REGIONAL MODEL

V 3D geomechanicaland parametricmodels

coalmine(largescale) and localmodelsof drainagearea

V Determinationof boundaryconditions: 

V Stress regime: normalfaulting, ̀ v > H̀ > ̀ h (Zubereket al., 1997), ̀H/ h̀= 1.25 
(Jarosinski, 2005), ̀ H azimuth= 99deg(Dubinskiet al., 2019; analysisof 
damagezonesin WesolaPIG-1 borehole)

V Calculationof stressand strainfield in initial geologicalconditionsprior and due
to the miningactivityin the largescalemodel

V Calculationof stressand strainfield in miningconditionsaffectedby the mining
activity(largescalemodel)

e,sfield



PROBLEM: Simultaneous flow and geomechanical 

simulations ²complexsimulation modelling of very high 

computational costs 

CONVENTIONAL APPROACH: External coupling between 

separate simulations of fluid flow evolution (pressure and 

saturation distributions) and static geomechanical state 

(strain and stress tensor distributions) by best available 

flow and geomechanical simulators, respectively ²

iterative method supplemented with correlationsbetween 

rocks transport properties and their  geomechanical state 

²until appropriate consistency achieved

Effectiveness of the approach, depending on the rates of 

geomechanical and transport properties variations, may 

result in work²and time²consuming runs

Flow diagram of conventional simulation coupling

EFFECTIVE COUPLING OF FLOW AND GEOMECHANICAL SIMULATIONS



ALTERNATIVE SOLUTION: Effective coupling by local 

correlations between reservoir pressure variations (DP) 

and modifications of rock transport properties from 

geomechanical effects (De,Ds) and their correlations 

with transport properties (DT,DPV) at specific time 

intervals including continuous flow and geomechanical 

variations:  DP­De,Ds­DPV,DT ²maximum 

implicite approach 

Initial (@ t) flow and geomechanical state

Final (@ t+Dt) flow state (p, S)

Final (@ t+Dt) geomechanical state (s, e)

Final (@ t+Dt) transport properties (T, PV)

Continues variation of transport propõs (T, PV) vs. p, S

Final (@ t+Dt) flow state (p, S) 
with implicite transport properties variation 

Transport properties
upgrade: T, PV vs. s, e

Local correlations:
s, e vs. p, S
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Flow diagram of simulation effective coupling

EFFECTIVE COUPLING OF FLOW AND GEOMECHANICAL SIMULATIONS



Geomechanical state variations during coal mining:

Á elastic deformations due to pressure reduction ²continuous variations ²global (model) range ²implicit simulations 

Á plastic deformations due to excavation activities ²(model) discrete variations ²local range ²explicit simulations

Á rock (coal) failure ²(model) discrete variations ²local range ²explicit simulations

Effects of geomechanical state variations upon transport properties of rocks:

Á porosity, f(pore volume, PV) modifications due to elastic and plastic deformations 

Á permeability, k (transmissibility, T) modifications due to elastic and plastic deformations

Á diffusion rate increase due to rock (coal) failure 

GEOMECHANICAL EFFECTS UPON ROCK PROPERTIES

EFFECTS OF CONTINOUS DEFORMATIONS
Effective correlations between reservoir pressure variations (DP) and rock transport properties 

(DT, DPV) implicitelyapplied in simulation process and combined from:

Á local correlations between reservoir pressure variations (DP) and modifications of rock 

transport properties from geomechanical

effects (De, Ds)

Á correlations between geomechanicalstate variations (De, Ds) and rock transport properties 

(DT, DPV), e.g. Ўה ɻЎצ

4 4
Ⱦρה ה

Ⱦρה ה
where:

4 modifiedtransmisibilityiniīthmaindirection,

4 initialtransmisibilityiniīthmaindirection

ה modifiedporosity,

ה initialporosity,

Ўה changeinporosity, 

Ўצ changeinvolumetricstrain,

ɻ Biotǋscoefficient

Kozeny-Carman isotropic model

EFFECTS OF DISCRETE DEFORMATIONS

Step-like modifications of rock transport properties (DT, DPV) explicitly 

introduced into simulation process and determined from correlations 

between the properties and geomechanical state modifications (De, Ds), 

e.g.

Durucanand Shi anisotropic model

4 4 Å В Ў

where:

4 modifiedpermeabilityiniīthmaindirection,

4 initialpermeabilityiniīthmaindirection,

Ã permeabilitycompressibility,

Ўʎ changeineffectivestressinjīthmaindirection,

ɿ Kroneckerdelta



01.09.2019 01.10.2019 01.11.2019 01.12.2019 01.01.2020 01.02.2020

DISCRETIZATION OF THE SIMULATION PROCESS
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VERTICAL CROSS SECTIONSAT HALF TIME
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VERTICAL CROSS SECTIONSAT COMPLETED EXCAVATION



Model calibration ²history matching

Calibration data: historical data of the coal production from the C lot of the 501coal seam:

Á Schedule and measurement data from the excavation and ventilation of the gate roads before the coal excavation ςair 
injection, total gas and methane production of the ventilation system ςvs time (29.01.2018 through 31.08.2019)

Á Schedule and measurement data from the C lot coal production: air injection, total gas and methane production by: 
(1) ventilation system,
(2) standard methane drainage boreholes grouped into 19 clusters,
(3) directional methane drainage boreholes ςvs time (01.09.2019 through 28.02.2020)

Á Pressure conditions of the ventilation system and the methane drainage boreholes
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Model calibration ²history matchingresults

Total injection of the ventilation gas 
(air) - control variable 

Total production of the ventilation gas 
(air + methane). Observed data 
vs simulation results

Total methaneproduction by the 
ventilationsystem. Observed data vs 
simulation results

Total gas production by the standard 
methane drainage boreholes. Observed 
data vs simulation results

Total methane production by the 
standard methane drainage boreholes. 
Observed data vs simulation results

Total gas production by the directional 
boreholes. Observed data vs simulation 
results

Total methane production by the 
directional boreholes. Observed data vs 
simulation results

Satisfactory agreement between the measured data at the simulation results ςgood 
reliability of the model to correctly describe the methane drainage processes during 
the coal production from the C lot of the 501 coal seam



Effects of methane drainage by the directional boreholes

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

Methane production

Total gas production 

Ventilation system Standard boreholes

Methane production

Total gas production 



SUMMARY AND CONCLUSIONS

Å Toassessthe effectivnessof the aplieddrainegetechnologya numericalmethods
couplinggeomechanicalandfluid flow models wereused

Å The method proposed in the studies and comprising effectively coupled
geomechanicaland dynamicalsimulationsof reservoir region and its extension
allows to take into account impact of geomechanicaleffects (De, Ds) upon
transport properties of reservoir rock (DPV,DT ) at various consideredstages
includinggateroad excavations, long wall movementor drilling conventionaland
LRDDincludingcontinuousflow and geomechanicalvariations:DP­De,Ds­
DPV,DT

Å the quantitative results of those geomechanicaleffects depend upon detailed
propertiesof both geomechanicalstate evolutionandgeologicalcharacteristicsof
the coalseamandsurroundingstrata,

Å the following 2 correlations are key factors when the effective transport
propertiesof the rockareconcern:

the correlationbetweengeomechanicalstate(stressandstrainfield) and

and rock transport properties KozenyςCarman(isotropic model) and
DurucanandShi(anisotropicmodel)

Å The presentedresultsprove the effectiveness of the proposed methane drainage 
with the use of the long-reach directional boreholes. In particular, the method 
significantly (by ca. 52%) decreases the methane content in the ventilation gas 
and notably reduces the methane content in the coal matrix of the excavated coal 
seam.


