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ABSTRACT

The shale gas production has increased in Western Canada due to development of new technologies for directional drilling and hydraulic fracturing using
multistage completion system. The customized development method based on geomechanical properties and brittleness index for each shale play is
necessary for successful implementation of drilling and reservoir stimulation. In this study two prospective shale plays, the Montney and Liard basins in
Western Canada, has selected for geomechanical properties and brittleness index from available wellbore data. As the result of this study, these two basins
has high TOC, optimal geomechanical property and shows great development potential. Montney Formation in the Montney Basin and Besa River
Formation in the Liard Basin show high Young’s modulus and low Poisson’s ratio, which is over 40 GPa, Young’s modulus and below 0.15, Poisson’s
ratio. These rock properties of shale gas reservoirs play an important role in reservoir stimulation, especially in hydraulic fracturing.
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Fig. 1. Location map of the Western Canada shale play well.
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0¢,pry: Dry grain density [g/cc]
w, : Dry weight [g]
V. pry: Dry grain volume [g/cc]
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Gpry : Total gas filled dry porosity [fraction]

Vp. ar * As~received bulk volume [cc]

Ve pry - Dry grain volume [cc]
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S, + Water saturation [fraction]

w, : Weight of brine [g]

p, : Brine density [g/cc]

8, + Oil saturation [fraction]

w, : Weight of oil [g]

p, - Oil density [g/cc]

V), : P~ wave velocity [km/sec]

3.3. Eujx

WA} 859] Darcy's B3-S Edlo] thA w41 G4t S-S54k
FHES S4erion, Fike 749 39 24 74U confining)
271(800 psollAl Z7o] ol BF ML A&s SHsH] d
o RS 4T Y= REAR H|FloF AR o] 8ote] Exte &
RIS Bt H, I MY Alm 57 A/5 ot Akl +
He g AQSAst] G AL AR BIE 3 Bt HgolA &
7Jskoiet. sHie] Rk é—?‘ A2 B A1 ST Al
d Ao AF Foe
A LR 3 0% PEA 5}6 At} Eg L ofgfo] A8 o] &
Sto] Aitstalch.

___i

=
___i
=

k : Permeability [Darcy]

Q : Flow rate [cm’/sec]

14 : Fluid viscosity [mPa - s]

A : Sample cross sectional area [cm’]
L : Sample length [cm]

P : Differential pressure across sample [atm]
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o 4L S,

3.6, FEE X

HAJET AY 275 L 2D AF7Z 7] lof =Futaf AA|
= =& A% sweet-spot) 92| A7) Glof FQ3F ¥Solrt
(Mews et al., 2019). 12y FAHE A= B=5H4 24 2 5
A 2/4& E5to] AT 4= ol vt Who] £ wiEol
Bot S=4o] 3l& Ago|tHucka and Das, 1974; Altindag, 2002;
Hajiabdolmajid er al, 2003; Nygérd et al., 2006; Rickman er
al., 2008; Yagiz, 2009; Holt et a/, 2011; Tarasov and Potvin,
2013; Jin et al., 2014a, 2014b; Zhang, 2016). W=hA] 2 Ao
Ae HE RS 4% ol8ote] AFE 7Hs e 571 AlLtAlE
ol-&sto] N ARSY HAYE A4E A=t tHTable 1).

BL9) 7%, Jarvie et al.(2007)°] At WH o2 Al ol 35
EH & FFE ol8oto] A} o] HAo] w2 JEo| B
B FE7H =2 A0 & S5k WHolth BLC| 73, Zhang
er al(2017)°] A3 FHOZ XRD 7| B9t BE 14 B4 S
ggoto] FETH 7|9 HAE A5 ALbek= HHolt. BLO) A
%, Hucka and Das(1974)7} A<kt wra 0 2 k4 o] A=Qk=7)
Lo L] vl o] whe} 3ol S mHthE A HIF e R
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2 EAeL F Aol 9] A BAE o8, ¢4 9] Bt A%
< iAokt 583 WAlolthMathia er al, 2016). BLS 7%,
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Table 1. Brittleness index calculation method.

BI calculation method

w
_ quartz .
! Bll I/I/t;uartz + I/Vdolumz'tc + VKlu;u larVIe' ot al.’ 2007
w, ~+W007n1F+W1T1'F
2 BI, = —terte_folomite___purite Zhang, et al, 2017
VV;UMI
3 py= D Hucka and Das, 1974
3 = C(')"F ];) uc an as,
1 Es'tatzc B Es min Vstatic — Vs, max
4 Bl =-X|— St Mathia, et al, 2016
2 s,maz  s,min Vsmin ~ Vs,max
5 BI, = sinf Hucka and Das, 1974

Vunartz : Quartz Welght [%]

Waoiomire : Dolomite weight [%o]

Weay @ Clay weight [%]

Weyrire © Pyrtite weight [%]

Wi = Total weight [%]

Co : Compressive strength [MPa]

T, : Tensile strength [MPa]

Eguic : Static Young’s modulus [GPa]

E; mimmax » Static min/max Young’s modulus [GPa]
Vstaric @ Static Poisson’s ratio [-]

Vsminimax © Static min/max Poisson’s ratio [-]
0 : Friction angle [deg]
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Table 2. Summary of properties in Montney Basin well.

Uwl Property

03-15-079-17-W6/02 TOC, porosity, permeability, Young's modulus, Poisson’s ratio, P-wave velocity

C-52-H/94-B-9 Young’s modulus, Poisson’s ratio, UCS, internal friction angle, brittleness index
C-04-F/94-G-8 Young’s modulus, Poisson’s ratio, P-wave velocity, UCS, internal friction angle, brittleness index
C-92-G/94-G-8 Porosity, permeability, brittleness index

D-78-G/94-H-4 Porosity, permeability, Young's modulus, Poisson’s ratio, UCS

B-66-D/94-H-12 Porosity, permeability

C-30-1/94-B-15

Young’s modulus, Poisson’s ratio, P-wave velocity, UCS, internal friction angle, brittleness index

C-04-F/94-G-8 A|5=8-2] 7%, C-52-H/94-B-9 Al53 &4
Fojet FUstA A At AIE-Z A6t 2™, Montney A5, Mid
Montney A&, Montney turbidite X|&3} Zo] ZEY &2 A|
H2 0 2 1 2|30 thgh A et £/ AmE g ok rhFig.
20). T 24709 AN EE o]-8oto] Y= AIFS AAlstar gt
A 54 EE5I90H, Y AkollA fARE B3] Z2E3
oF. SHAIRE FESHA A gholv Aok B4 AR o] =505 ISt
of H& A|of| gk ApAIg 492 o] Fo x| ] ottt

C-92-G/94-G-8 Al5=39Y 7%, A AIFE HAIoHA] &
stglou, 38, T S0l A=Y e (Fig. 2d), B
A A& A Bt AT A& Akttt ARtE o R &
J S0l TRt A=t FE3 Aol AR 3771 8 SR 1A R
£ ol&sto] A 4% TFE, Fatkof it Aol Al
tt. g4 R|FO &= Charlie lake #&(1,500 m)olA Lower
Montney A5(1,880 m)2] A& HollAl 35 L Fatmof thgh Al
o] AlEglon, FETH Y7 B4Z B ZEY X3l tigt
HARE A5 EAE AAJSHIH.

D-78-G/94-H-4 AF59] 3%, ASUSFHE AP B8
AAetd £4%1 FE, ZoksH], ISYSATo gt 24 ARE
SE5IATHFig. 2¢). AEE 3=E S A5 36719 oA 10
A EE o]&oto] Bt Z4 A& AAGI oW, ASAT AldS
B FA G B35 EASIT AN HAAE A5 Alkte] 2
3 H0] BZ0 = Qlsto] A= R|4eof] thgt AlAR o] 3Y5HA]
Kotk sHARE A o) A1 2EY Ao et 3= 4 &
T AR S GHEFO A A 2|59 A B0 == &4
o tigt A A=E AT 4= U A2 E AlmHrh

B-66-D/94-H-12 A58 3%, C-92-G/94-G-8 AF3A
g A Ao tigt A== FHoHA] Xoilod, Ed &
gol gt A1 A3t 32 S sklthFig. 26). 214 49 B35
04719 44 Fof A|&E o]-&sto] 4T A= i A5 =EY
2]1&(1,400~1,600 m)= AlF-2] 0 2 FE35}0d(Montney D, Montney
silt, Montney B, Lower Montney) A%< =&t tii&E
9] EEY A3 0.1 md °Jste] £ g2 Hetdlon], B+

4.8% B2 35E U2 eI

C-30-1/94-B-16 Al5=39Y 4%, 13719 S =E o83t A
SUSAE A S Ao, A st E4dof gt 492 AAIsHS
thFig. 2g). BEY 29| A9 A% 2,400 mojlA =7 A1
staloH, AAA 2] 49 Mid Montney A13(2,500 m)}F& A9
=5 FHota ZEY 2|35 512l Belloy X571 @4 et &4
A= g 4= U

ZEY EA o)A Tt AT 2EY A3 49 AFeHH
0 & 47)) A& 2 & (Montney, Mid Montney, Montney turbidite,
Lower Montney)Z ~2E| AT, o] AFof| A= shte] ZEY A&
O = fEst] Yefoith Al53E AF7S 4] o] A EE,
C-30-1/94-B-15 A3 7|£0 & FHEE o|5olaA 45
ST 3] §ig} Fo| ZopHIt}, & E EofsH]of gt 4 A,
Wit 42.8 GPa H 0.19% thA &2 g2 Uehllon, 59& Wk
O 5 Z44E JE U2 SolSAN ok H= AR = A LEH
At = A5 A, 2T E Aok E4S ol-8st 4
oo, iR =2 HAEE AeE Bt

4.2. 2jof= 2X|

et BelE A ] oF = B4 o]l YA ZlotE £4] A g
o= & 4719 AlFgof Hote] S7lea, w2l 24 H o
Aost B4 A=E ZEIGIHTable 3). A58 & B4 242

SRR, T9E, T, 9E, Eoldy], Puks, A5%t
SALE, W, T o, E4 2 ARE 80
o FHGE AFE =&

A-38-B/94-N-08 Al5-52 47, Hst&{Ql 2/ St &
AL, T TV 2152 HiAt 2l 215(4,000 mFEE 71Ee =
FoHE SOl Hiet GE, ZoksH], ASUSA L, HFordzio] EAt
tHFig. 3a). & 2770 A=E ol-&3sto] YA A A HS HAISIA
o, Y AEE oz v A 53 24 A3} gloll Hietk A
=g Sl 59] Aot Ao ditt FA: A4S AltskA
on, HAR 2 2150] A K42 79 24 0.4 o] gk Ho
A, g4t 0.67 =2 F/8%= Al & 7l A2 AT 4 AT
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Fig. 2. Core analysis data in Montney Basin well.

g) C-30-1/94-B-15
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Table 3. Summary of properties in Liard Basin well.

UwWI

Property

A-38-B/94-N-08

Young’s modulus, Poisson’s ratio, UCS, Internal friction angle, Brittleness index

B-23-K/94-0-05 internal friction angle, brittleness index

TOC, porosity, permeability, Young’'s modulus, Poisson’s ratio, P-wave velocity, UCS,

A-68-D/94-0-05

TOC, porosity, permeability, brittleness index

D-BLE/O4-0-12 o Gile strength, brittleness index

Porosity, permeability, Young’s modulus, Poisson’s ratio, P-wave velocity, UCS,

B-23-K/94-0-05 Al539] 4%, 377184, 398, Tt
FE, ZoksH|, P, ASUSAE, WRuH ] gk At
g H 5 HFig. 3b). A= AFS 400 tiste] AvEH
Chinkeh silt A&(2,000 m)%¥-, Flett A&(2,700 m)¥-, st
Black shale A1%&(3,700 m) 222 dilog2 2974, T3E,
Foe 24 et B3-S FEokglon, 53] st Black shale

=
=

o}, FAEE A A AoAE =2
&2 HY A2 AgH
A-68-D/ 94-0-05 AF39 S TR7RE, 3=8, Tk
of thgt A5 FESICHFig. 30). AEE AFS =300 il A
HHE Tord X]—(Z 000 m) ¥, Grayling A&(2,700 m) ¥,
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