m GRM - the geomechanical and

Gas Release M odel

Thisunique simulator-engineering tool can
Identify roof and floor strata relaxation and
gas dischar ge zones associated with local

geological, gas and mining conditions.

The program generates a graphical
I epresentation of roof & floor strata
relaxation and gas r elease phenomenon
associated with under ground mine coal
production - mining activities




GRIVI strrata relaxation & @as Irelease zenes
(smplified concent)

Strata
relaxation &
gas emission

i »'

Up holes

%

Distance behind
the face




GRIVIF Geometry/Geolegy Input datatanle

EZ Geomety/Geology 1% Lithology | B Coal Seams |

Harizontal Streszz

R atio: 25
Bore Mame: D B
| SILEU Direction: a0 [degrees)

Fanel Mame: |Dem|:| Fanel =

Gaz Reservoir Pressure: | 1 [MFal Mate: &

harizontal
o stress ratio of 0
EsplorationHole . _ _ . _.__ indicates no
2 harizontal
stress,

Mine Mame: |DEM|:|_2EIEI4

Seam
Thickness:

| 25 [m]

Syrmmetry Axis Lithalogy
/
Mote: & 7
q

pillar width ongwall
of 0 I_ Length: 2000 [m)

indicates
Retreat

a zingle Sday]
= Rate: 107 (miday
heading. oo idin: 25 [m) Longwallwidth: [T 350 (m]

Project Mame:




GRIM Lithelegy input data table

E Geomety/Geology E’ Lithology |% Coal Seamsz l

DrepthFrom [m] iDepthTD [rn] iThickness [rn] IS-::niu:‘v’elu:u:it_lrl [mids) i'—'i-ﬁ- ~For floor zimulation uze:
470.00 476.00 E.00 3740 ~ Stang Roof [UCS=50 MPa / 7251 PSI)
476.00 477.00 1.00 2E50
477.00 430,00 1200 4100
490,000 49200 200 2600 C AveragelCs: [ 25
492.00 R00.00 £.00 4300

500.00 50250 250 2550
0250 508.00 550 3200
EDE-DD_ a1 BDD 1_D-DD- 3 I_:":'_ [aeclogical Descrphion Conversion T able
518.00 520,00 200 2700
520,00 5j5_[||j q 5_|:||:.|.' 4700 DESCIiptiDh 5Dhin:"-.-"e|n:n:i1 ICS [M P-Elj
535.00 533,00 200 2500
538.00 5400 a.00 3950
R46.00 FRG.00 10,00 4200
556,00 557.00 1.00 2700
557.00 5E7.00 30.00 5300
587.00 Fa5.00 .00 4050
595.00 | E09.00 14.00 '

" ‘weak Roof [UC5=30 MPa / 4351 PSI)

(™~ Roof Litholagy

Project Mame: GRM LCancel




GRIM Ceal Seamsinput data talkle

E Geometn/Geology l ?_? Lithalogy E Coal Seams

DepthFrom [m] !DepthTD [rn] iSeam Mame
391.00 392.00 C51
45300 46150 CS2
476.00 477.00 C53
49000 49200 CS4
518.00 520.00 C355
535.00  538.00 CS6
B56.00  557.00 CS7

Depth: 500 Thickneszsz: 2.F

) 6 sl 3 5 K sl

Project M ame: GRM ] Cancel




GRIVII sofitware simuliation sequence

Input data

Stirata relaxation Application for gas
eUpULs generation drainage systems design




GRIM Roofigasisimulatien

& B'2s20 en)sequientialNeee separalleianee ek SiiEte
cURailre eniercementpinciples

& OUipUEgEneanien:

> 00 Siiaiaireaksllneasiaelnean/ eivecn CoRintous
2N aISCONMLIBUS EEK MESSES

> liVegas el ease Zones\Witii\Vaneus degassing Iiensity,




Roolgas simulabion &
gasdrainage up-helesdesian

100 'm: Pemnd the face 300 m" Pennadithe fiace




GRM reol simulation
5mibenind thefiace

B(m) behind the face GRM Simulation (Vertical) Demo Mine, Dema Panel
Roof Model GRM-DEMO Bore: Demo Bore

0@ @ A0 0 10 A& W 40 50 G0 70 @ @ 100 10 1 130 40 150 eqpq P 190 200 20 20 20 240 260 260 20 280 290 a
Relaxaton [ JRes [lLow [ Med .High [ Ful B Cure ’
GasPelease [ ]<a0% []10:30% [ 31-60% [ 61903 [ »90%
CoalSeam [T Grid 10m % 10m

4

nderground gas*
(drainage upholes

[ ]

YWelocity




GRM reol simulation
A5m venid theftace

45({m) behind the face GRM Simulation (Vertical) Demo Mine, Demo Panel
Roof Model GRM-DEMO Bore: Demo Bore

030 20 0D M0 200 30 40 S0 CRDOTD R0 TS0 100 1100 12p 130 140 180 1R0fr 1;8'] 190 200 20 220 230 240 250 C2R0 700 2RO T230 A0
Relaxation DRes DLDW DMed .High .Full .Curve

GasPelease [ ]<10% []10-90% [] 31-60% [ 61-90% [ »90%
Coal Seam T Grid 10m x 10m

+

Working Seam
Sonic
Yelocity




GRM reol simuliation
55m belind thetface

GRM Simulation (Vertical)
GRM-DEMO

A5gE0 40 a0 00 0 30 40 CBOOBDCTDC B0 A0 100 110 12 130 140 180 1 ’ O 20 240 250 R0

[tded MHigh ErFur [l Cune
% B 61-90% I »90%

Grid 10m x 10m




GRIVI rooel smullatien
65m Penind thetface

GRM Simulation (Vertical)
GRM-DEMO

70RO 30 100 110 12 130 140 1E00 1

Clow  [ted [MHgh ErFu W Cunve
0-30% [ 31-60 ; 0 »00%



GRM reol simuliation
75m benind theface

GRM Simulation (Vertical)
GRM-DEMO

pee Htov s 8 High I Ful B Cure
135e D A% |
n I



GRIVI rooel smullatien
85m beninditheface

GRM Simulation (Vertical)
GRM-DEMO

] Low B High & Ful B Curce
(Al

Gricd 10mmx 10m

T

" 290




GRIVI rooel smullatien
O5m benind theface

GRM Simulation (Vertical)
GRM-DEMO

Lres Otow  [ded M High [ Ful
> [ ]a0%  [T]10-30% ] 31-60% [ 61-90% [ »90%
[ [T Grid 10m x 10m



GRIVI rooel smullatien
105m benhindithefiace

GRM Simulation (Vertical)
GRM-DEMO

Cllow  [Med MHigh EFar [l Cune

0% [10-30% [ 31-60% D 61-90% [ »30%

Grid 10 10m



A15a0

¥
-140

"
130

0]

GRIVI rooel smullatien
135m benhindithefiace

GRM Simulation (Vertical)
GRM-DEMO

Olow  [Ited MHigh EFal W Curve

Gricd 10rmx 10m

0 290 '3




GRM reol simuliation
145m benind theface

GRM Simulation (Vertical)
GRM-DEMO

[JRres  Jlow  [med W High [ Ful B Curve
> [ ] «10% '

I (11



GRIVI rooel smullatien
165m behindithefiace

GRM Simulation (Vertical)
GRM-DEMO

pee Htov s 8 High I Ful B Cure
135e D A% |
n I



GRIVI rooel smullatien
185m benhindithefiace

GRM Simulation (Vertical)
GRM-DEMO

Ollow  [ted MHgh ErFal W Curve
B s1-a0% [ >

Gricd 10mmx 10m



GRIVI rooel smullatien
205m bhehind the face

GRM Simulation (Vertical)
GRM-DEMO

Olow  [ted MHigh EFul
1 3 B 61 I >90%

Gricd 10mmx 10m

ndereround gas

(drainage upholes



Sonic
YWelocity

220(m) behind the face

GRM reol simuliation
225mi benindi thefiace

GRM Simulation (Vertical)

Roof Model GRM-DEMO

15a0

030 A a0 o

[ 1Res
Gas Release [ ] <10%

LI

Olow  [ded MHgh [ Ful
[]10-30% [ ] 31-60% [ 61-90% [ »90%

Grid 10m x 10m

B Cure

Felaxation

Coal Seam

£3

‘Underground gas
(drainage upholes

Oemo Mine, Demo Panel
Bore: Cemo Bora

210 TZ20 C230 240 U250 260 ZF0'2R0 230 A




GRM reol simuliation
255m benindithefiace

265(m) behind the face GRM Simulation (Vertical) Derno Mine, Demo Panel
Roof Moclel GRM-DEMO Bore: Demo Bore

.15'050 a0 30 20 a0 00 10 200 I 400 RO R0 Y0 BOC 900 100 110 12P 1300 1400 180 10} 75‘811 190 200 A0 2200 A0 A0 R0 CZR0 0 OCZE0 290 A0
Relaxation DRes DLDW DMed .High .Full .Curve N S

GasPRelease [ ]<10% []10-30% [] 31-60% [ 61-90% [ »90%
CoalSeam T Grid 10m % 10m

Underground gas
(drainage upholes

W orking Seam

Yelocity




GRIVI rooel smullatien
290m henind the face

290(m} behind the face GRM Simulation (Vertical) Demo Mine, Demo Panel
Roof Model GRM-DEMO Bore: Demo Bore

580 40 0 20 A0 0 90 20 90 400050 B0 70 (G0 90 00 190 92 40 140 50 e0pq] P 10 20 200 20 20 240 &0 260 20 20 20 3
Relaxation [ JRes [CLlow [ Med .High & Ful B Cure R C

Gias Release [ ]<10%  []10-30% [ 31-60% [ 61-90% [ »90%
CoalSeam  [ITT Grid 10m % 10m

+

TUnderground gas
drainage upholes

Sonic [ ]
Yelocity




GRIVI rooel smullatien
320m henind the face

320(m) behind the face GRM Simulation (Vertical) Demo Mine, Demo Panel
Roof Model GRM-DEMO Bore: Demo Bore

.15'[150 A0TA0 20 A0 0 0 200 T30 AL (I S S m A0 A0 220 20 A0 TR0 ZR0 70 280 290 0
Felaxation [ JRes [low [ Med .High & Ful B Curce R -

Gias Release [ ]<10% []10-30% []31-60% [ 61-90% [ »90%
CoalSeam [T Grid 10m > 10m

SIS

+

TUnderground gas
drainage upholes

Sonic
Yelooity




GRM reol simuliation
A15m benind theface

415(m) behind the face GRM Simulation (Vertical) Demo Mine, Demo Panel
Roof Model GRM-DEMO Bore: Demo Bore

S 0 A0 0 10 20 30 e ORI AR, 710 720 230 240 250 %0 270 280 20 Al
Relaation [ JRes  [low  []Med .High I Ful B Cure I -

GasPelease [ ]<10% []10-90% [] 31603 [ 61-90% [ »90%
Coal Seam T Grid 10m % 10m

+

TUnderground gas
drainage upholes

Working Seam
Sonic
Yelocity




GRIVI rooel smullatien
500m hennd the face

B00(m) behind the face GRM Simulation (Vertical) Demo Mine, Dema Panel
Roof Model GRM-DEMO Bore: Demo Bore

J5E0 A0 0 0 A0 0 020 a0 4L CU R IETE PRl 10 220 20 240 %0 0 20 280 2.0 A
Relaxaton [ JRes [lLow [ Med .High [ Ful B Cure R -

GasPelease [ ]<a0% []10:30% [ 31-60% [ 61903 [ »90%
CoalSeam [T Grid 10m % 10m

4

Underground gas*
drainage upholes

Sonic: [ ]
YWelocity




GRIVI rooel smullatien
550mi Bennd the face

B50(m) behind the face GRM Simulation (Vertical) Demo Mine, Demo Panel
Roof Model GRM-DEMO Bore: Demo Bore

45pA0 40 T30 20 A0 0 0 20 T30 (LSRR SR TSI IS m T T T T
Relaxafion [ JRes [low [med MHgh EHra BWowe | | e -

Gas Release [ ]<10%  []10-30% []31-60% I 61-90% [ »00%
CoalSeam  [ITT Grid 10m x 10m

“Underground gas'
(drainage upholes

‘working Seam
[ ]

Yelocity




GRIVI rooel smullatien
590mi hennd the face

B30(r) behind the face GRM Simulation (Vertical) Demo Mine, Demo Panel
Roof Model GRM-DEMO Bore: Demo Bore

J5E0 40 A0 20 A0 0 0 20 30 4TI EEIRRLL, 70 20 20 240 %0 260 20 20 20 3
Relaxation [ JRes [CLlow [ Med .High & Ful B Cure e S

Gias Release [ ]<10%  []10-30% [ 31-60% [ 61-90% [ »90%
CoalSeam  [ITT Grid 10m % 10m

+

Underground gas
(drainage upholes

Sonic [ ]
Yelocity




m
00 ALl (@ 0 0 G
GRM Simulation (Horizontal)
GRM-DEMO
a0 200 A I 10 200 30 40 50 B0 A0 B0 900 100 1100 12p 130 140 U180 160 10 C1B0 190 200 210 2200 230 240 |ZEp 260 A

J J
+ + e + +

A

J

L
+ + < + +

L

A

J
+ + : + +

"

b
+ + + +
+ + + +
+ /g‘e . .::.A.AA“A e LDNGWALL FACE S + +

A .
= + + Gas dramﬂge + + + + + + + + + + + + + + +
upholes
+ + + + + + + + + + + + + + + + + + + + + + +
+ + + + + + + + + + + + + + + + + + + + + + + +
+ + "+ + + + + + + + + + + + + + + + + + + + + +
Tailgate Lu.n wz:|II ] Mainzat
+ + + + + + + + + + extractiop direction + + + + + + + +amga+e
Surface
+ + "+ + + + + + + + + + + + + + ¥ + + + + +
GAS WELL

+ + + + + + + + + + + + + + + . + + + + + +
+ + + + + + + + + + + + + + + + + + + + + +
+ + + + + + + + + + + + + + + + + + + + + + + +




GRIVI Eleergas simulaiien

& B2sedionheuncaiy e ementpriacipie

& OUipUEgEneanion:
> EIVe gaselease zones WithVaiels degassing Inensity,

>V enicaiNiead disifieubienia eng thechai=piliiarand
adjaceniienawellfpaneraress

> \/erticall and shear Siresses ier each CUdIC mElre ol rock
elementlveine modelied




Eleergas simulation &
gasdrainagedewn-holesdesign

501 BENINAthE flaCe

250 m Benndithe face

e REEE= nE =
|- = AN
|- TN

% T

.-............l




GRM fleor simulatien
10m ahead of theface

GRM Simulation (Vertical)
GRM-DEMO

e Bios Wisao B
Al Wans B Baos Qe
] s B Load |||

Grid 108 10m

DEMO_2004, Demo

Fanel

\”HUM' | l- U




il e

GRM fleor simulatien
2 ahead of theface

GRM Simulation (Vertical)
GRM

vericg 05 Hs0 Hos Wse WS
Stess(MPalllosn W Waa Was  He

Grid 10mx 10m

Bare
I r—




3

0(m) behir

GRM floer simulation
Om benind theftace

GRM Simulation (Veriical)
GRM

Vericgl 07 e WHws Wl [l
3 Pl W Wlwa Baos  Hss
Coal Seam . |:|I| Shear Gas & Load ||||

Grid 10m % 10m




3

_'I:I|| :I behir

GRM floer simulation
2m belindithetace

GRM Simulation (Veriical)
GRM

veicg 05 W50 W Wi Wos
3 Paosn Bas B Baos B e
Coal Seam .|:|I| Shear Gas ¥ Load ||||

Grid 10m % 10m




3

GRM floer simulation
Am bhenind thetace

GRM Simulation (Verical)
GRM

veicg 05 W50 W Wsan BWos
3 Falz0  Waos Wwao Baos  Teh
Coal Seam . |:|I| Shear Gas Load ||||

Grid 10m % 10m




3

GRM floer simulation
6m benind theftace

GRM Simulation (Verical)
GRM

veicg 05 W50 W Wsan BWos
3 Falz0  Waos Wwao Baos  Teh
Coal Seam . |:|I| Shear Gas Load ||||

Grid 10m % 10m




3

GRM floer simulation
am benind theftace

GRM Simulation (Vertical)
GRM

Verical L U5 B0 Wiy B Bos
StessvPal @ o Mas a0 Has D
Coal Seam I Shear Gas i Load |||

Grid 10mx 10m




3

GRM floer simulation
10m behind theface

GRM Simulation (Verical)
GRM

H=o0 W e B
5 ! B BHro Baos  Jea
Coal Sear MDD Shear Gas Hi  Load

Grid 10mx 10m
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