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High-Efficient Development Technologies for the M Tight

Sandstone Gas Reservoir in Canada

WANG Ping, SHEN Haichao
(Sinopec International Petroleum Exploration and Production Corporation, Beijing, 100029, China)

Abstract: In order to realize the economical and high-efficient development of the M tight sandstone gas reservoir
in Canada, technical studies and innovations about layer subdivision, optimization of operation parameters during
drilling and completion, optimal and fast drilling, post-frac flowback, and multi-well pad development were conducted.
In this way, the key technologies integrated geology and engineering were formed, including a layer subdivision
technology of a super thick sandstone reservoir, a match technology of operation parameters during drilling and
completion by machine learning and big data analysis, optimal and fast drilling of horizontal wells with low costs, well-
soaking flowback, as well as 3D multi-well pad development, etc. After field application, these technologies sharply
increased the drilling and completion efficiency with evident decreased development costs. Further, the single well
witnessed a remarkable increase in productivity, and achieved significantly increased efficiency and reduced costs. The
successful development of the M tight sandstone gas reservoir has provided a technical reference for high-efficient
development of unconventional reservoirs in China.

Key words: tight sandstone gas reservoir; development layers; machine learning; well-soaking flowback; 3D
development

IENDY ESW % (VA )| E- NIt R N2 N B
L6 A4 AT IR AR 3R 48 A2 AL, BEE K 1 200 km,
TG B 500 km, T 40 A T A 16x10° km®, M AU
PG R LA 36 33 ot 1L o B, i 2 R AE 0~
4100 m, EREAE 0~500 m'" 7', M KGRI & 1R
T 1950 4%, W1 B LA | 5 1 B A A LI
R IXI; 2013 4F, 4 RO A7 RETRALIG T3 M SRR

75 B H#A: 2021-01-12; B [E] H #3: 2021-10-23
fEE"NT: £2F (1976—) ,

IR T Rt 9 1.27%107 m’, BEHTIN 1.54%10° ¢, K
9K S ( Natural Gas Liquid) 1.97x10% t, J2t 36 H X #
KAHZ —

2005 FEZ 5, ZHRAFIIGE T M SORECERD
AR R TAE, FFRPIEH 2 i TRCRAR,
FEREAR, PR RLAS &, AR R H R A T A T R AR
20— RS A ST AR, SRR T

Boh ABIMA, 1998 F 2L TRRKBMFRAHLAEL 2003 FXKPELEHRY (LF) FHF 25
FHERFEFLREF L, SRR, E2RFEN D AR T LR RFRAF 2 T4

E-mail: pwang.sipc@sinopec.com


http://dx.doi.org/10.11911/syztjs.2021123
http://dx.doi.org/10.11911/syztjs.2021123

© 98 o % B 45

% Fed P 2022 % 1 A

A, S X TR R R BRI B
REAN o5 14 TR AL, 2 I B T — AR S, MO R )=
FANTr TP R RGERE B HE T S RAA ST
J7IF KA T A T RO AT SE , i B oy
TFR)ZEZ AR SEIEIE TS BSF 1, s T RAf
ARG SE It TA8CR, W TA8CR M Ak i R AP 4 I
ST M URBEET AR B RTES RO A

1 R

M SR E IR N =B R M AW, RIS
G O % 2 M MR AR, S B TR IR OB
2 51 AR AGE A H BN OB, LA LR B I A i
B3, P4 AR AR 7x10% km®; 7 RIS AR B
SO, e AR ALK B 1 B D A 6 )2 4 A T B 9x
10* km?, 4l 1 Rt

1 MSEFESH

Fig.1 Plane distribution of the M gas reservoir

M B D OB A M A E AT Doig 412
. Doig W5 Y R R I 1 R R 1T 2 T s, i
AR 1 V4 R AR 3% T P AR A Bl AL S I — BT
AR —id A B . Doig Ui A5 M ALK 2 S0 1h)
Fefih, b S 1) 32 B B MR b R I TR A
JE RS A, AR P 2 AR AL Dl e AR

2004 4F, M SUECH B BRI A 2 000 2
Ho 2005 4FJF 4, Bl AR ER AR B 5 9
TORWYHE, BIRIT & TARB % 7 2 M B0
SR, BUER AU ERGE N . R 2018 4F, MOEUR
B4 SR P2 7K 6 000 2 11, 308 < it 1.98%
10° m¥/d, EAE AR, M 2014 4ETF 16, RS EBR
SRR, BT 4R T I A AR B AR AT % 7 3UAN 1B
PLAe, M BUE D & U™ R AR

2 JFRKHESARBIF

FEXT M B8 b SO o A T AR K A2 R R
NI 510 AR AR B A e a5, BFFEIE L T b
i TREARSE A &2 R AR ARG KBRS
22 PRI 2 TSR ARBAS P PR
A ESE R A AR T SEARIF & B AR S
A, SEHLT FEARTT 2 WA AR 5 T sk as iy FL AR,
21 MRIBHELEENFALZERISEAR

BRI R JE R A B TE BREE M, sk
REFIZRITE, 40 RIS, Boes It RECR . AR
HUMAER, B A% B E M TR E, thEd
M RIZZRD T e I R R T R 2 R IR
W, RR AR — B RN sl — B EZ
2, [ G 1) B B 0] T4, o s g

Hi ST 5T R B, MOBUR DA SR )= R R B
AL B KIS . RIS YR 7 ), EEL
TR 2 70 SR U 2 — WV A, DORURLBE Ak, TE A T
LR B D A A4 )2 5 VRS B R X, TR
R M — 2 VR A, UUBURL B A, T T IR
URBEED AMEZ(WLE 2) . hTFYIREES
g1, DU A, HE H B A% )2 )R B2 3K 200~300 m.
TR E VORI W52, 62 A e85, 3 Bk
W, WER G A TERR)Z, X T B W SEb S, —
BRI I WIME LIS 7850 FF R, B i RIOR,
BRI RZER, TN LRE ZEAKEH AN,

KRR
.
AR G

i
AR
(EALAEE
TEHHT TR

[ by T

DU
m DT

2 M@AHETIRER

Fig.2 Depositional facies of the M Reservoir



%50 % % 14

I OFF mERMEESE ARG EFLHA 99

L5 DUBURRAIE 730 B SO JH: i 2R AE, n]oRE MEL
Wb R 2 R 1R 2 B 2 By R EE AR TE
100m 7ty . EBONMEIK OIS, Mg B E R, &
) 2 AR A KA R 50 G , 67 DX R e T R
KR EE I 22 [8] (4 75 7t — P Mg P s T BONTR K
Kt POIRGE ), 2 TDTRUR K (R RE 2 B AR, £
T XT3 IR 3 I R 5 A DR R 1 22 ] -~ TRV A

i F Gopher #X {4, #E47 R 244640, T R RIE
B ZAEE = . MR A M RO RRAE, 2% 03
XA H AR & 22 50, 3 SR BT RS B, AN BT AL
A H 2 M BUR DA SOBUY M SRR 7 M R A
Seah L, B BN b e B 430 1.2, 1.5 F1 1.8 tm
iy 2 8% = B, 25 R R W], R Ao R4 v
fE35~60m Z [ (WK 3) .

_ 5 /m H B /m HE/m .0
i 2670 & ' 2690
: 2700 | i‘; 2700 ( . TE
£ - 2750 1.5
3 2760 & -2 750 g ' 2
I 3 2780 2
= 2790 & 2820 & =
] 1 ' 2810
2860 §
2820 § E & 30

~800 —400 0 400 800 ~800 400 0
K /m

(a) INEPSREEL.2 t/m, 55835 m

400 800
FKFHE S /m
(b) MEPHREEL.5 m, 48540 m

—800-400 0 400 800
KPS /m

(c) IMEPBRIEL.8 t/m, 48160 m

3 ARERBISHHHESEEUER

Fig.3 Simulation results of fracture height under different fracturing operation parameters

ZRA 75 A 2 DU 43 S R BRI Z5 21, 4L
M BUER A SRR AN RER,
JBIRE30~60m. HPERR 1 JZHR2 WERE K
WAL, ER3 2R 4 N0, ST
J o 2 DUBUA AN R 4 v 4 = JE 1 5 — o RIS IR &
IFESUFEE N S W AR i N
BARE 4 BEIFRIM
22 KREBIEHWKEHSHRULEAR

Bl 58 B AR A 2 AR B B ST & SR S
B R4 45 1, S AR LT R RE TS RS B e st
M BB R 5 SR 2P 1E A T, ) SRR, R
Tia] T ) 2 M AR A R, T AR A R LR YRR AE
B2 A B B A S8 i T 280 16 Z4R T &k
R, M R RD A AR A ] XS8R AN [ )23 46 52 it
T 6000 22 [T 7KF-He, X 33 26 3 (1 B 5 F0 58 H- 2 4
HEAT A3 BT, d ML BT L S8 R R R 2 ) Y %
PO T8RRI B, LIRTE#EAT 2
Mrisk, —fefdi F — 4k ml = e 52 2, BEMS 40 M 2 4Bk
B3RS REZ IR R, AR KT
REMSHER %, Hh TRESHERFE KK B K
FE b B . e SR R KT IE SR R 4%, b ot

ZRAFE ORI L | AR ALBRE | S KA A

il 2= SLRRTR JEE 45, SR A% G2 1 52 25 PR AR ME 23 Bir
P& SR RERE TR . O T I f B T2
B, 70 FIHIAL 56 L XK 3L = i A3, SRTHL &%

24 20 7 B TT R KEAE A HT, B X R R RRAE (1) SR,
Pk Ak s A s 25

SEBR R I, 780 K ¥ 2 4k L 2R B R B
SR AT, X B R AT 43 A, R R 7 e A
BHRE, PN EESHE ., wmmE A RE
PE . BCHE B R AT AR 0 1233 1R R IR g HE , T
JEAY T o T SEC R 2 M B IR IS8
A, WAL HLER2E S 0T, 15 R R S5 A T R
SRR, LA 2E 2] T 0 7 BE 4 R S S PR Rk
g L PEAT HE X, AN TR 2L, B AR AL A 2 > S BT Y
WERG P 5 7675 2 HE B0 AL 24 2T 45 5, X AL o
S3 AT AR B 0 7 RE R R &S 80 SHAP (YD
A AN R, T AL 2E 2] B R AE HAR S 8
S KANE, IEHEAT 0. AT 85 R R,
M) BAL S 7= B 2 22 R A R R A R BRI R
WA KO I AKOE B BE R 20 b it A TR,
Hop TR R 09 2w f B B B R F b i &R (L
Kl 4),

BLER 4 2T BTNk, X F il X, KBk
FEANH L 3 300 m B, 77 57K BOK B LA G
X FARH A X, KOF B AR 5 3 200 m i, 72
KB ELYEMSC(ILES) o SR F 4
B 5, AR B IAb & L KT I R R Y A BR A .
YT EE R, 45 B82S, HE T
] X35, R[] B ) A B S 8



* 100 - 2 Pzl 45

#x 53 K 2022 % 1 A

il

! A

- —d)-o-
. IKEBK i
v el [ ) B 4

- KA i

. R 2
tm@:g{“
e AW T
= I
—2‘00 —1.00 0 160 260 360
SHAPF& %K

2001

4 NBFIPHEIN~EXZMEZRHF
Fig. 4 Ranking of influencing factors for productivity by
machine learning analysis

150 KBRS 1‘7:"""
JE3 300 m, £
100 B R T R I |
i TR B E
e ¥
o i
f i
= i
Hm i
2 i
[ ]
]
100 : . . .
500 1500 2500 3500 4500
AR BEK S /m
(a) PR LLIX
5000 IKF-BEK 'ﬁ.'..r_.r._;
4000 fin313 200 m, 1y
£ 5000 PSS gt
j% 2 000 !
= 1000f i
= 0 bussss il oo s
Ho i
Z —1000 f :
1
2000 | et |
3000 : : ' !
500 1500 2500 3500 4500
KB /m

(b) MM L

5 KRPERKEN~EEZEHTINER

Fig. 5 Influence of horizontal section length on productivity
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