J. Pet. Sediment. Geol. Vol. 2, No. 1 (2020), pp. 24-34
" https://doi.org/10.31697/jpsg.2020.2.1.24 ISSN 2635-7704(Online)

=
3, 03, 292!, ZA, oly”

el

rdt
g
A
~
I'E
re
-
rio
1z
30
N
|>
re
-4
rx
L
o
o
]
gg
El
=2
o
>
>
rio
OH
(][
=

A study on increase the productivity optimization solution using characteristics of
geomechanical property in Western Canada Shale Basin
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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.

Keywords: unconventional resource, shale gas, geomechanics, characterization, brittleness index
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Zlo=(Liard) £419] US4 S4E BAsth A8
5 7h) A3 Akt 8A00] He 712 2w Sw ol AR B4 B
FAT, A1 48 A a7 BYS B Eekeh
9712480 £28 24 o1 §3to] WrhE SAeH S48 2
I vhgo.z AAAS A AR5 SAEHE Astgon,

ols AlY7IA Y FEE AR B E £ ATE 4 Al

o

2. XE ML

A7iuth 219 AlG7EA A a2y 54 AIES Hste] A
iyt B ejE]AlA#H]of F(British Columbia, BC) A F& S4
O 2 AlAZIA AT ARS £/ 543 gt 42 HAlst
o} i MY A 2= B A E o} = AR A3t B
EjA| A H|o} F e Roll A AHEL F(Alberta, AB)O] °|E= ZEY
A AFF 7833} 2ot BA9 A 5T 432 & 4739
A5k BMS AAISFtHFig. 1). AUt 2EY A5 %
A Egto]ofA7|(Triassic) 27191 A oKPangea) A% 7F3AF
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Fig. 1. Location map of the Western Canada shale play well.
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0c,pry: Dry grain density [g/cc]
w, : Dry weight [g]
V. pry: Dry grain volume [g/cc]

H7] Bo(Vy 4% AARE X2 YA} Fo
(Veprr/& "F%M < 9F 7R A AL 582 oF
A& o183te] Absiaict.

VBﬁAR - VG.DRY

Ppry = Vyin

Gpry : Total gas filled dry porosity [fraction]

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

Ve pry - Dry grain volume [cc]

F7fHoz waws
A % Sl

23} A2 7S o] g3te] ofe] 413} o]

wy, w,

Dy P,
Spp= 1 -

v, TV,

S, + Water saturation [fraction]

w, : Weight of brine [g]

p, : Brine density [g/cc]

§, + Oil saturation [fraction]

w, : Weight of oil [g]

p, : Oil density [g/cc]

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

33, EIE

P 782 Darcy's & S30] o WAl 4 frs gl
FHEES S o, FHE 5749 734 24 7Y (confining)
271(800 psi)olA Z4o] olfF. A Ad Al=E 4] A
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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,

3.5, FEE X

HY=H AL AFS L A AFS 7ol o] dukaf 2A
£ =8 288 sweet-spot) 912 Aol 9lof a3t Wolth
(Mews et al., 2019). 12u HAHE A= B=5H4 4 2 gt
A 2/4& E5to] AT 5= ol vt iho] £k wiiEol
Bgt =4 o] 31& 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). W2hA] 2 Ao
A ST A5 BAHE ol 8stol Ak TR 571A Al S
ol-gsto] Ald A7SY FHAHE A5 ARESIATHTable 1).

BI, 9] 73%-, Jarvie et al(2007)°] AQtet R o2 AU Wol &
So14 AR F o] 8sto] 4T} o) Aol B Aol Be

A9 AR/ 58 F02 S ol BL B9, Zhang

BLYI}5Y5H Hucka and Das(1974)] 2Ja Aok Bl o2 1o
(Mohr)9] st Z&AE 7122 3 HAYE A= AR ol Hol9
A strjo] 2o W2 A4S W= A 9] -9 YR upzo] ZA|
U=t o] WRmREZRS o &sto] HAYE AE 5 5= k.

4. A7 Y £

4.1. 2E4 2X|
7Auct BejEjAlA gnlo} 3 ds-Fof A GHE} S20] o]of R =
TR Al EA1Q1 FEY A W F 7719] A3 tiste] 771
By, 24 9 gk ot EA AR E SHESHITHTable 2).
03-15-079-17-W6/02 A58 4%, 77184, 398, F
I, GE, ZoldH|, Prp ol Tt EAJZHS FH oo (Fig.
2a), o] A== Hallway A1&(2,100 m)ollA Z2EY 2]&(2,600 m)
7] AL E4 S AR Aokt A st A[He A4
S v A Q] 2SS o]-goto] B Al Y& L ok

0

et al(2017)°] AlFet ¥ 02 XRD 7|HS B3 4= 148 EES HE S4ot3l o, 5o T4 tiA A5 BEY A5of tigh
g-g-oto] FEH 78 HAAE A& Aloh= Brdoltt. BLO 7 2 =2 AL

-, Hucka and Das(1974)7} AIQFgE W41 0 2 QM4 o] A=94&7 C-52-H/94-B-9 A|&39] A<, 4495t £421 I &, Eok
Lok Q0] vlgof| mpet H Ao FFE vtk A HEoR ], ASUS7E, Yokl tigh 544 AF=E S0t o H(Fig.
AAA3HE B0l 3t AN E A5 HE5H AXteks Bidoltt 2b), YEUS A F S Boto] B4 G AsHe B3 ST
B9 Y, YA HIAFE 7|2 E T HAEE A AxH o 2EY A3 A= 2,100 mollAf 2,400 m71A]2] 87]9] Fof A&
2 edAIet HgAte1 9 A A BAE ol 8o, YA T AE £ o] &sto] Ay YA EALHS AASIEoH, IR, 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= b Hucka and Das, 1974
3 = C(')"!‘];) 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 [%]

Wiyrire © Pyrtite weight [%]

Wi = Total weight [%]

Co : Compressive strength [MPa]

T, : Tensile strength [MPa]

Eguic : Static Young’s modulus [GPa]

Eg 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.

UwI 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|58-2] 7%, C-52-H/94-B-9 Al53 4]
Fojet FUstA A st AIE-Z A6 2™, Montney A5, Mid
Montney A&, Montney turbidite X|&3} Zo] ZEY &2 A
H2 0 2 1 2|30 gk A et £/ AmE g ok rhFig.
20). T 24709 AN EE o]-8oto] YSAFE AIFS AAlstar gt
A E4E€ EE5I90H, Y AkollA fARE EA%] Z2E 3
oF. SHAIRE FESHA AR gholv ek B4 ARo] =505 ISt
of H& A|4of| gk ApAIgE 492 o] FoX]A] ottt

C-92-G/94-G-8 Al5=3Y 7%, A3} AIFE HAIoHA] &
stgou, 38, T S0l A=Y e H(Fig. 2d), B=
oA A& A Bt AT A& ALttt ARtE o R &
J S0l TRt A=t FE3 Aol AR 3771 8 SR 1A R
£ ol&sto] 1A 4% TFE, Fakof gt Aol Al
tt. g4 R|EO &= Charlie lake A&(1,500 m)olA Lower
Montney A5(1,880 m)2] A& HollA 35 L Fatmof thgh Al
o] AlE|glon, FEH 7 B4EZ B0 ZEY A3l tigt
HARE A5 EAE AAJ6HIH.

D-78-G/94-H-4 A559] A%, ASUFHE AP B
AAetd 4% FE, ZoksH], IS5YSATol gt 24 ARE
SE5IAHFig. 2¢). AEE 3=E S A5 36719 oA 10
ABE o]&oto] Bt Z4 Al S AAGI oW, A5 T A<
B FA G 43S EASIT AN HAAE A5 Alkte] 2
3 H0] BZ0 = Qlsto] A= R|4eof] thgt AlAR o] 3Y5HA]
Sttt sHATE TA T A5 BEY Ao tit 3= 4 &
T AR S GHFO A A 2|59 A B0 == 4
o tigt Y A=E AT 4= US A2 E AlmHrh

B-66-D/94-H-12 A58 3%, C-92-G/94-G-8 AF3A
g A AJFo] tigt A== gHoHA] Zoiled, 8 d &
gol gt A1 A3t g2 S sHlthFig. 26). 214 E49 B35
647119] A Fof A|8E ol8ste] S7%t ATE T A5 =EY
2]&(1,400~1,600 m)= AlE-2] 0 & FE35}10d(Montney D, Montney
silt, Montney B, Lower Montney) EA#< =&t tiiE
9] EEY A3 0.1 md °Jste] £ g2 Hehdlon], B+

4.8% B0 35E U2 HEAL

C-30-1/94-B-16 Al5=3Y 4%, 13719 S =S o83t A
SUSAE A S Aot A st E4of g 442 AAIsHS
thFig. 2g). BEY 29| A9 A% 2,400 mojlA =7 A1z
stglom, RFAAIE.9] -9 Mid Montney A13(2,500 m)5-8 A3
75 FHsta ZEY 2|35 512l Belloy X571 @43t &4
A=E gET 4= U

ZEY EA oA T tid A5 2EY A3 49 A EeHH
0 & 47]) A& 2 & (Montney, Mid Montney, Montney turbidite,
Lower Montney)Z 2E| AT, o] AFof A= shte] ZEY A&
O = gt Yefioith A3 AF75 E4J0] ol A EE,
C-30-1/94-B-15 A58 7|20 & FHEE o|5olaA 454
ST 3] §ig} Fo| ZopHit}, & E EofgH]of gt 4 A},
Wit 42.8 GPa H 0.19% thA &2 g2 Uehllon, 59& Wk
O 2 Z44E JE U2 SolSAIN ZoksH= AR = A LEH
At = A5 A, 2T E Aok E4S ol8st =4
oo, iR =2 HAE AeE Bt

42. 2ot= £

Ak} BefE A Hlol 5 24 Ro] 91X ok B4 Aofe
o % 4709) A0l thste] E67Ieke, 4214 BH W o
Kofst B4 S SustTable 3). A28 ¥ 248 240

L 390ee, B8, BT, 98, XokbH|, PR, 9%
274, ek, ATt g, BAR SRS B8
of JY= A%5E EEAY

A-38-B/94-N-08 11382 49, oj8t#I9l 24 Z4graie] £
AT, TH AT 212 A 21 454,000 m)Rae 7202
AP S0l Tt 4, Holgul, AHUSAE, izl ZAa
tHFig. 30). % 277) AEE o] §3tol FAGEA AT WAL
o, 5 YES thgoR vk A E9) 24 2t grof chat 4l
=g ghrstoich. 53] ookd B4l that FAE X142 At
o, WA 1259 FAHE A%0 AS- H 0.4 0144 g Hol
I, B 0.67 A=) HAE A% g M AL IS4 ek
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Fig. 2. Core analysis data in Mo
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Table 3. Summary of properties in Liard Basin well.
UWI Property Map

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 A1%32] 49, $47Iets, 338, S,
98, ZobsH], P, AFYSAE, WirhEe Bt A=
£ SH5ltHFig. 3b). AEE AFE EA0] thste] AmEH

Chinkeh silt A&(2,000 m)¥-, Flett A&(2,700 m)¥-, 1st
Black shale A1%&(3,700 m) 222 dilog2 29784, T3E,
Fote S et £44k2 SHE 6kl oH, §9] 1st Black shale
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