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The Current Status and Development Suggestions for Sinopec’s Staged

Fracturing Technologies of Horizontal Shale Oil Wells

JIANG Tingxuel’z, WANG Haitao"”
(1. State Key Laboratory of Shale Oil and Gas Enrichment Mechanisms and Effective Development, Beijing, 102206, China;
2. Sinopec Research Institute of Petroleum Engineering, Beijing, 102206, China)

Abstract: Staged fracturing technologies of horizontal wells are the key to efficient development of shale oil. After
more than a decade of research and practice, Sinopec has achieved major breakthroughs in shale oil exploration in several
areas, and has preliminarily developed the staged fracturing technologies for horizontal shale oil wells, which are
characterized by ultra-dense fractures, temporary plugging and diverting, high concentration proppant adding and reservoir
protection. However, a gap still exists when comparing with the technological parameters and the technical level of the
counterparts abroad. In this work, engineering geological characteristics of shale oil at home and abroad were compared, and
the requirements and challenges for Sinopec’s shale oil fracturing technologies were analyzed. In addition, based on the
characteristics of continental shale oil reservoirs, development suggestions for the fracturing technologies of shale oil with
medium-high maturity and the in-situ upgrading technologies of the shale oil with medium-low maturity were provided with
respect to the research and implementation of integration of geology and engineering, with consideration of economy and field
operational feasibility. The suggestions can provide guidance in accelerating the building of a technical system for continental
shale oil development and achieving the goal of economic development of shale oil.

Key words: continental shale oil; shale oil development; horizontal well; staged fracturing; technical status;
development suggestions; Sinopec

W8 B #3: 2021-05-10

EERBN: #EF (1969—) , B, LA RBEA, 191 F LT BmRF (£KR) Kb TREL,2007 5K F BHFRERAED FHR
AR AFF L LS5, ESR IR, PEERERGHF R, E2RNERDELNE AR F ik IR R GFAE
IR TAE, R AT % E . E-mail: jiangtx.sripe@sinopec.com

HEE2UH:BERXAAMAFAL L LG HARKESALNE “HHRENAGTENEL L TR RKAMBIFRL” (%5 UI9B6003-05) F


http://dx.doi.org/10.11911/syztjs.2021071
http://dx.doi.org/10.11911/syztjs.2021071

$ 495 F 4

HRERFF FEBMR S BARF 5 BERBARIRE LR s 15

U TR F5 A B IR U DL M 2 N B S A v
MAERSRIE, bR EAL . PaEERelEGEE
(EIA) VAR 45 3, 4 BR 00U A T 2 R 1] R B8R 1
473x10° . TR GUEM R A R R, FE AT
GRIOR 2 W | HENE JRK AN AT | IV G Gk K A

Cob =7 BRI R B M A
7.37x10° t, Tl 434 o Ko 5000 i R 18.3%10° ¢, Tl
T S B9 7 e T i 400x10° v i A4k
U i T IR 90x10° ¢, TSR ¥R IR A 10.9%10% ¢,
Horp, Bom A SR Ry, KT 0.7%(HER/NT 4 500 m)
(4 LA 65%10° ¢, B4 1R P B L 5 2%
X AR MG, Bar, P EAMECHEA 1141012
WEZR A 1 ML 5T B, R T 4R 144%10° ¢
(K PR Bl 2R 00 75 31 E 9 ES 7R 2 1 5 R 5% 2R VTR 2
VT P Y R U1 S R T R s s
EAARFET BHE A L AR E DS M X AR % &R LTI
FE M R L AR DX R TR T | BH M o A
AT T TUA R PEY, I 7E 3R 43 b X 52 T 055 T
P N 3 A

Witi 2 L5 O DR R I e AL AR | Rk fE AN
Wi~ K, TA K R T E BN W i . db e
TEAWRERGLERPZEHIER T “KKFBRZEE
DI H+ R E+m " MRRERE AR, K
B EEZ 2700 m, IE2EE0H 18 3t n%| 38 4,
B S Al 1200 €3 F] 3 400 ¢, R 2L HE
# 13~16 m’/min, 90% VL I (% 5K P 3% 1 v
WK R 2L, 3745500 ok T et ARG, AN
TUA K I B R M BN P2 BB SR B 42 K,
T 2 i A b S e Hb s 4 T o7 el o ] P AR
AEEZ OSBRI FEa E, TF R T DU g 2 ]
RN e RA ST R B WS R 2R
HEDLHE | & S W 18 2 . CO, T3 T 24 s 1)
SRS R LS BRI 5 B g, RIS T —
(A AF 58 S, AR A7 — SE B R 30, 0% o 0 OG il
o Mib, BH RGBT E AU K
o3 BOE ZEEORBUR, PRI BT T 10 19 B R 75 SR A
2 Yo S R O e el = = S S R =
T, 3 AR T T T R SRR R A B R
KR AL, DL S B FR A O A ROT &
FFHE 3l U AT e R R i R R B B

1 BUAMIT RO -5 R B AR BUIR

AR U I B ER LG T 2010 4R, 2211 1 0

TR W2 X% A i e | EE M X O SR 2 A
BB
1) T2 % 328 X A S e B B (2010—
2017 4F) . 2010 4F, HrE A LB ER T 58 — 1 FfiAH ot
M ——AST FH, FuF U R ARk b % = B
TUAEPEAT T RBUK SR, i T HE R 10 m’/min,
S A K R S 2 280 m’; SR A BEFE R A,
LA 40/70 AR BRI KL 65 m® . 100 H kb
10 m’, 3R B 5 P il i 4.68 m/d. WS, 7E WA BH M1
B FNGE BHI B &R T —HE DU T, WA T
GUER L, IF 53 BIPEM T b R Ak B A% = B
IO Vb =R W BT A Ak SRR L Al b
AR e . 2012 4F, 76 V01| 2 Hb 3R & T YYHF-1
H, HWERWRY Z T EA B Az, %t
KB 1050 m, 43 10 BEEZ, B 27, %A
TR KRR RS RS RS . 100 H A B+
40/70 H A% %5 B W ki +30/50 H 2508 BE B b7 414
PR e BEZE bR, Bt ATE 200 12 628 m’,
Wi ki 697.86 m’, JE J5 i BT 7 i 14 vd, TUH S
FohE 0.72x10° mY/d, Rt 2 943 t, 77K 305.32%
10* m* o 73 0 Tl B4R T & S B 0, P A A
P DX LA 5 T 0 i 4 D 3 i AR A L BRI R R
W R AF i T R, (R TR R 1E
NP2, R AFAE “REARTE | FEAE R AR
FEXE” R, 2014—2017 4F, rp [ 7 fk B 5 48
ki A O 2 o A TN L T 3 Sk A 2 T R M R AT
THERIOE, IE XA X | A R 50 i 2
ML T T 2 REE AaE N R 5 S i 1A 2
A AT 1 T 255 e sl e, RIS T —E
AL, A AR T AT B A RO Kk B T A
2) DU Tl g X OGS R B B (2018 4F
EA) o EIZP B, b E AR T RS T
BY LHF |- Fl BY2 S, X i VT3 8] T A b 2E 47 17 380
BEAF LA, B T COL+MR M 24 oK 3= &
JEZW, TRJG 1= 10 4.5 t/d; 75 5 24 Hh X &
T FY10HF 31 TY 1HF H, BP0 &E #7724 50 75 3l
S, BT Y R I (BRI ) + 2 R 2 4%
SN+ R REHN T L, KRS 0N
17.6 1 9.8 m’/d, =< 44 Bk 5.58x10" 1 7.50x
10* m'/d; 76 B B KG9 B T YYP1 1 FYP1 JF,
BT A v S 1 B2 RS R U A, RS R
S35k 93 1 117 vd; AE R AL BRI M B E T SD1 I,
X UR 2 DU I AT BTN, RS SR 7= iR 51 vds
BB, o E A A TE B BH Ba v i A 4L 0O ) F



e 16 . % B 45

#x 53 K 2021 % 7 A

PRP F R T M B BORC DUA I PR 9, TiE
ST i AR R AR B Ik SR DD SR i
B R T A7 1

FUAT, A AR D 8 T DLl U5 A 4
U ) N VL S AR B LN 2
MK BUR SRR . TR 28 L AL 31 1R K
PRAR g 3, DL AR BRI &, R 2 4 a5 T
ATIREVEWR M, e B — A | BB S, LUR &
e SRR SBOR 5 T80 A A R T 9 K TR 2
PR, T J ) T 20, i e i i )2 90 R A ok
R ARG F 1T K 7, AT 42 12 35 T B R, TR B R
SRR H N DR AR R 3, L
PREEFULRE ST, 4/ INRLAR SCHEE LU ], 180 R
FHA SR AR B AL, DAREAIR A

e [ A [a) B i DX B 9 i 2 e 2 S K, K
Py BOR R B 22 5l L KB AL 2845 L, 4
ARIKF5 AR L A 22 B, 3 B R R SHO T
fif ol W3 11,

2 UK I S B R BT I ) 6
SRR

1] il R 5 3 7 7 LA | A 3 B 45 B TR
S5 5 AR 5 AU S A DU AR B 22 5 (L

®1 BAMTERAKEHRSRERSHITE
Table 1 Comparison between staged fracturing paramet-
ers of shale oil horizontal wells at home and

abroad
HFARSH [= N ESPA
o gk . L —~ NAAY
B IR EAIA RS, 6~103ARG, I
H#H300~500 m #H150~300 m
KB /m 800~2 000 2000~3 000
R B /m 60~80 45~56
Bk (B 2~4 4~6
JEREE/ (tm ') 1.0~2.5 3.0~3.5
WL, % 2~8 6~10
COfFERZ  HIREG IS HHE

PR

JEZ sk 2L RS

#2) o AL TUA IR R BOR, IS Sk BT
Ab ¥4 B —EE AT I O, SO R, MR R
B, RAAKFI L RR T AR iy T A
2, BRI AT ARAT i 7 AR e, AT AR
B ™, TP R g LB o 3 e Bl A 0T i )2
18 16 73 A AR AR, DX CBE) T 11 49 e R
K, H A A R i AER L T i /s | D
fii = Mo J= BRI AR L I RS B A X R
IR, 200 T X B R, R R S JRe LA v A A KA
i

&2 ENINTE XS AT L

Table 2 Comparison between geological characteristics of shale oil blocks at home and abroad

_— SUAY Lty LB, TOC, WERS  EEFRS  WRE REE/ o IKERE S
w A
m JELFE /m % % £ %  HH,% GPa %%/MPa
Eagle Ford 1219~3658  50~350 4~12  2.00~12.00 1.30~1.80 10~25 40~90  30~58 0.15~0.30
F4  permian 2286~3750  30~150 8~12  2.00~9.00 1.50 >90” <020
Bakken 1370~2300 >30 5~12  11.00~20.00 1.30~1.50 60~80" 0.22~0.29
GEPHIIEE 3 150~4 500 40~60 3~12 1.00~6.00 1.00~1.50 15~20 55~60 10~50  0.15~0.19 5~10
;:i YTV 3200~3900  10~15 3~10  1.00~9.00 1.00~1.70 3~15 40~60  13~23 020~037 4~7
X
2500~2900 26~28 4~7 1.64~2.08 >1.48 27~32  5~11 13~20  0.15~0.19  7~11
FHABER 2 500~3 000 8~12 6~16 F-#45.16 1.00 21 26 25~29  0.25~028  3~10
hE
e KK 2000~2400 >5~10 5~10  3.00~22.00 0.90~1.10 50~60 18~20  15~30 0.19~030 2~3
AU 3300~3800 37~93 1~9 0.13~12.90 1.00~1.67 17~48 10~58 — 027~030  6~25

TE: D rk BRI T 1K) 75 B Al

e [ Fafi AR 0 45 b 5 VA B il b SR A R 1Y
ZEER, g T 3ATTE B 56 [ A T R 4
Ao HAL, o EAA T K CF 3 o Bk 23 B
i 4 4> 75 10 B9 PR - 1) ki A 5 il 2 AR 2 o 1k

B, 25 X e MR AE 25 5, KT R 4 BE R R
AR EAT S I 5 2) B AR T K 7 43 B 2480
#7520 3) AR IR Rk, R
I B 2 R R AR 5 T RS 2 A R



$ 495 F 4

HRERFF FEBMR S BARF 5 BERBARIRE LR ¢ 17 -

4) H- G J5y 32 Mo B B R MR R, e MU 5 3%
B G R BE AR PR RS i A 4 R
i, S ECHHA KO T2 e R

Bk LR PR, T A A AR AR HE S R TR,
IR T i B RT3 B v g AT A% 0 Xk
LB R X TF A 1 EEXS “IF T AR HERE K
A T L, ok — 20 T i 3 it AR — R fk it ik
H T MRS s 2) I 22 Ak IR R AL i it
PORTE, P I i, BB B MBS BT K iAs ;
3) W 5T I Ja AR 2 A W AT AN BOR Sz 2 > il
2k, i 2R R | AR R AU S, AR 2L
BIA

3 U I BUR SRR K il

TUA T T AR 5 AR S AL BT, o s s
(1.0%<R,<1.6%) Fl i Ik LA B (0.5%<R,<1.0%) TT
FMBA BRI T . B, b EA D
LA DU I B U T 58 M, A R TR A
k1 65~90 2 T0/AM, LI R T R MERE K, nk i I R
R AS 5 R0k 52 I A 2 s B AR TG 5 IR AR
S LA R FH K S R B B AR T e wfE LA AR
R, WAUR T R MR £ R %, B
HIH EA SO R TR AR g . L, W
BT [ 8 S8R T T A )23 I REAE, TR e i i
JE DA I e S AR A IR B D il ok B R T
WFFE, LASEILUUA M 2 B 835 T 4 o
3. HERBETRASBHERKTAR

DK R AR, B TUCA MGG 25+ & &
PR A8 18, LAY 6 R et 7K 0 U R o5 11 R 7 T 24 A
— B R R BE 4 1 A 2 K SO K 45, AEAE Y
FERE FARIE 1 /KA Wl R 1 T 808 , 34023 T i
IR HE VB AL BT R 1 I R g B R B A B v 1 1)
M UL, FER AR T e AR R R AR R, T R
B F32 il o AR P 241 0 P K B, PRI 20 7K R 4 R
N BB R R Z— [HAERENE, DKE
ZURAT SCRHE SR, BEAAE B AR T R R
WALAIM A (LPG) A ToK R R AR, WA HE —
AR IR AR R SR R R AR . 5858
SAHEARAN G, DAS R R S48 A% 0 B K S
AR FE 5 R T 7K 3 B 248 R JE 7K /20 7K e 24 i A
B, AT AT R R I VR R R 10 B L R AR 22
S 5, TRV S AT 2 B UE | HE BB L SR I AD AR HE B
GRFMEM SR . AEARRIIR T T T2 S505%

PFR, K R ER B S8 OR | STHERICR L KA AR
PR IR HE KR 5 7 R A A AR R R . R,
By A N A B s AR R A R AT TR =
PRI S B A, LA 2 de D0 09 e 24 Mk T 56
oS B U A K R R, BT LUT ORI
1) JF J& 5 il R 26 2= ORI AL BE 5, B Al B il
i )2 3 3 1 4 R Kl 2 U TR v AR S L
2) I Ji& U i /b K T 2 4% I 1 S5Ok R R B, B
Bl DU 2 8 A2 A 4 I LB, - E R DL
ML LSRG 3) TP UA i A KRR RIS,
T IR A 2 1 R i AR B v R O BRI
A, BLEBCE R RBTTI7 ik AR 9Kk — A TR
R ORI TSR A

2) WUEE IR R AR o BRI R A S T
BRI o T R RAOR, il 1 TR BT 5T 4 R 1 ]
I 1) SRAE T, S BLER 1) S RBE I D) AR
P S i1, SR LAY 22 B 2 W I A U A O /b B D
ik, 1t — 20 fe P B L A0 S (R4 v S I A 5
TLAETT o AR BEAE 5 iy b ff DR 2 U0 1 +-5 i
W+ i 0] 7 1 DU Il 7K SF- I e 2EEOR A7 AE (1 e
I SECRIRR ™ PR M | B B R SRR A A ) T
T2 A (R L, 6 22 3 1R B A Bt A O it s T
HARH, HoaT s A R M o A 2 1) S 28 4% 1) Jn b i
JRE R N RD R, R R A ARG s i ™ B Y e DR E . B
X WU i S U R T 5K, A AR W TS s A F T
LR 2 R RAEY JRHLEI A B0 L, itk 2 Jg sk
T L RS R, W R AR LR M Bk | A5 R
PG, S R | SR B A BT I
I, T4 v 224 4% IO 4 1Y 52 M b U BE ) o

3) GUAHTEE R R R G R R B AR B PR
BT HAR o BUEIE R R R G4 K (R0 i —
7K (RO B —3EK (O IR — K (R0 28—
e J—R Al H R EE—R M I —R i I 1 — SR
S5 9 ANERTT, FUAR R B M AL R A TR O 4R
N, i BRAT g E A SR, DL /N SR T 28 AR
W 2 B A R, R I ) A SR R R
Ko R, ZORTER RGN W RGEEA TS
TR AR LR A A o (B AR, AN R A A
7R B, 4% S U RE T BE I 1R) 5 W AR, 6k Z R h
FIBUA M0 RE L B W AR . 5 22, 4719 A [H]
B PR TR 0 i R S I AR AR Y, R I AT
MG ERS IR Nk, %0858 88
ROZMZH 0y RIEHEE P TR — R &
TR MO A A L A BT B : T K-



c 18 % B 45

#x 53 K 2021 % 7 A

FP R AR B i A A PRI S 5 N5 T T 2
FUBE 8 h 2 A0 2 508 AL BT Y, WA L 4
K& ; WO Z A 2 4150 it [ H A ot T/ — 1Rk
FHCBE A 7 % B3, S o — L | L o — 2
B | BsERSE  RAEEIF R ASRNS i E ROE
1) 3t BhAR AU o

4) “IET)T7 R ERER, AT IR
Z I R 2 Pk 20 28 5k [R) 25 fir 4 X R A
R T kG B 2 S 22 A fR] 1 ) TP AR 1 R £
RN R G, WEMRNH “JFT)
FERFRFE AR . “HERT R AR UE N [ S HE
FIE 0 R Can &l 1 TR, R S B1—
DI—A1—C1—B2—D2—A2—C2......), ] LLSZ3R
CHTT7 FERAE B B iz, KR8 R R
4, Fae KPR B2 b A 355 5 1 0 R BR AR A P, 0 ok HG
AFIFEm P, B 25 0 R 2007 2 4w “ I
TT7 RER R RESOCR RO E, EadE#sr T
77 225 TN 1 A, SR AR L F
B R 2GR, R SRS RN L i ) 4 S B0 < I
T s B R R A% 5 e MR 1S, B A [R] 5T
AR IR T SRR R R RS

E1 “HIJ” ERERTE
Fig.1 Time-delayed fracturing with “multi-well pad”

5) 22 1 Z 4 I SRS A 5 T 2 8y 4 A 2 A o
Ao IKEI I B 2 7 R B4, SR 4% B 34 1 5L 5 4
R SCE B, o, Pk RO S A, 2R AN GESY
i 22, IR AN S I AT HE A o LRIV fik 5 7 2 4 24 1y
R T, LR RE A XA I AT A AR T 2 B 20 1N
R, Ik JZ R TN g AR B B L ()BT 5 BR b
4 BE BT (AN 7 2 8 35 Y 7 228 48 T RE S 1 Bl 5 34
)« SRR ) I Bl R P (S AR SR ) T AR R O
b T AR SR A A 1T AR HERL) | 00 R SR AR 1Y LU D b
ROW A o AL, BT IR AL B AR v B g
e T (B SRR ) A SR ALEAR | R

Tt IR B FR AL S LB A | A (DI % 2 7 1 Bk A 1) 4
AR E B A AR | B B 2E SO AT b
AR B 5 V)34 8 e AR R S ORI IE . BLAb, B
o SR T 2R A T A Ml RE i, 2o S A% X Al b L AF
TEARKRMERE . CHE i ab il 25 2R (K R 2 8E i e
RSB RNAE A B ) M BB B A R W, 45 7K
4 0] F) S P R AR FR AT BB AR 22 1 £ L BP0 gt )R
N, FERAKEH N — W E R, JoH
S8 22 492 TR 2N B0 H AT X B, A v B 4 TR 24
VR B A 3% 0BG R, A KO H R PR e T B R TR
K, B 28BS S8 4 N HE 2 43 T A9 AS 34 4
JE, DT 3 i S 4 R o A AR B Pk . SR, SR 4
GOk )2 Wi D)2, ST 5 IR AR T 8
7] R B P 5 ) 1 22 S A YT SRR Ak T A i 2
B A RN R R T 2280, ik 4%
L RHWE RS R, T, U5 N H &
1) ARG 25 2 S 4 ) B /NREAR ST EE SR L W R B Y A
B SCHER L SRR AN L i S ab B b
e ARG, P 4t i 22 77 24 4 b 8 B S D 1 A A%
P S5, SR 4 K T B v AR A

6) B AREEMBEH AR . TLA MK I EZ ) B
YR T 2 4258 W, (0 il TSP RN ARG Ho D
TR WA P £ L 0 o A DD 1 S 06 S RE
725 M FEAR I O 8k, HLR R0 B i 1 2 gk
PR A BE WA R A WA AR AT, TEREZE N
2 Fh a0 T AN Ok 32 B AT e Sl #5 50) kT 32 7% 10 3
[FFEA T, b 24 5% 5 A 50 & b FEAR S
B AR RGBSR, BRI AE e
W AR B 2 50 A R A, WU A 2 A I 2 58 A R AR
W, 52 Ak 5 ) rh R 4 S H ST SR A A, B
O3 SCPE R R T, (H R B ) A AR BRI S 4 R e
BeAl A —E IS WRE ST . I, 9 T B R B
I 244 v 5% B8 0 SCHE ), O — e R B R IE
PRAS, T B AR WE B HOR, WF 5T U i i
J2 5 A0 RO T S ¥ A S 5 500 0 R R s oy A & it AR
KRB E T2 Frbk R0y BUAE 5 3 1A o0 95 i 3
FETF T 2 4% TG 1) S 488 4% I 2 5 A B2 i
i, TR KRB LR E SR R ae 1 Bl &
A TS S T4 T KT | S
PR ik Sl eSS TR .

7482 B AR A L LG W I T A A e S i e
AR AR LB - TR — b ryaiie. H
HIF, HT - T — R AL 58 5 R H iR A A5 B 7 R
AT 5 R E, 2 R 2 Tt g 2 s &



$ 495 F 4

HRERFF FEBMR S BARF 5 BERBARIRE LR ¢ 19 -

(95 20T B, Ol 2 A 0 W W 1 T Ak I R
SR T 7 TG R R R 1 PRI, 7 R 2 A e
S LLRL% b S A R R E T 280, H AT, R 2416
T T B T LA S S U T R A B
P BIBR HA ISR SR KRR
B A R B A A MR I B R G . AE
4% W 7 1T, LR ORI 9 B R B B O 2 Rl
WA, 85 DTS (4 A AU I i ) . DAS (A X
We ) 5 DPS (4375 2 R g 5 ) 2507 520 4347 it
TR HE AR RS Y R 2R . R BUT R 2 4 4 U
W A 2 3 S U R B, — R A St
W B AR B AR AR R, TR G R T TR R B AR
P, 35 45 R 4 )2 5 2 TR O v A B SR S
RN NSO = F= 1§21 <5 Bl N 91
BRI, b — 4 i R WIS s = RITRIE
ZUBLHERE AN 2 5 Re LS M R TG, R ERE
g Sz BT 4 4 RS YRERU, T L R A 1 22 4 4 Y
RO, I-25 4 16 T 2 00 258 4 R 175 100 R A7 8 i 52
W27, 15 3 92O AL 6 24 T 200 H Y, fe & s
JE S5 A 15 16 2T 2 98 o S — A B8R

8) BUEM “ I T LI IR HE 2B A HE R
AR, 2 ME R L8 2 6 10 DL L i AT IR 45
e 2 B 13 5 T L () A o e = TR 2L, o I R 4
2 T 0 LA IR R 25 AT HER, B T TR K &
SRR RN . 5 PRI R R L, ZE R
JE 24T LIRS 4% b TR TR 1671, DA T 5 A R 38 M 32
R 2L TR Ak . TR, 20 2 R ) 0 S
T3 F YRR, T84 KR A v L4 1) A2 A v 1A
Wi AR, 4% S 2 4% B 1] 4 1 B0 5 10 6 X 3 )
JE 50 28 o TR, G i e A R M R v b A R,
T 5 R R M AR AR5 3 7 1 0 4% 78 24 4 A 1 i ke 24
SEA SR . S R, ZIF PR R
(9 BT I AT LU AN <R T SRR N A
(Wna~6 1), WAl LIEZA “HTT 7 JLH M
A, R IR B LR R RO . SR,
T BN A0 AT BIF 58 T35 54 T R4 T 24 72 401 [] B4 DC
KFR ., [P, 5 HER B A L, 2 3 U R HE
A R T A0 A GO I B 8 K7 A 3 50 19 R U
S|, sl e ) R4 1) B3 0 T ) B i A7 L 2 1
G, A A ) T 55 PR e 5 25 A X 7 SR H
BE | JFSETEAK () B R RO R A Rl R, B
FEONRAR “HE T LI R SR 4 AL
R AR, AR IEN SR, T I
JE5 157 1 5 | S AR 10 2 TR A B, A

WF5E DA MR Z 221 22 8% 2 18] B 5 5 ) F 404
H, BRZEARZ TR ZU5 il K AR s FLBE, 57 25
BRI IR D R GRS 50 T
J77 2 O IR e 2 i [ R TR L K
M

9) B REAKT R REAR . H AT, UA K IF
RZ R T 00a SOKFIERY % 00 %)+ 58
WO+ R M e 1) 7 SRR, e B BERR BBk 2
e 0 S A5 4 A Bk K, R B A
SR g, AEL D K F S 07 B R ROA Bl T 2
JRCAS ST R MR B s, WA UL, BT
AT o T8N, AR R AR AR 20 A B
B B R 0 B I A5 .
I, R A 5 A T SR T 12 T 1 D Tl 2 B A
it T B R e EAT R AR RS 1 TR ZRER SCBF
Feo — I HESL U TR R e T B 4 512 i
IR K P AL R, IR 25 5 AR ) =Ry R AL
T, DA K PR JRE M 7y 38 T M 5B A O A AR AT I
MR PUE BT e R R R B Y R T7 0] BT
BUAMB 0 75 AL S B B MERE . S4B AT
SCUIE S B SN i DAY S N o B N S e
ET AT B o SR A R S R 0 X B A O, T
DL 8 F A7 ) i e 8 DX 4 23 A R A AT
ERA B RIBENLIE . [N, & 2086 7 0 L
TR IO R L B ) 3k SR i iy 7R S5 5 I 1o R T
24 o T i 7 8 S SR 1 2 7 Ty HA R Y A
SR, 2 LB I il 2 R ) X (— BOR DA R K
D) I, s SR R e L T TS 1) 28 ) 4 i
B, 30 00 25 1) IR g DX AE A5 B 5 e
T SRR 1 ) - R i 1 B, > B
BT AR 5 U R AR A O BT ) RS 1
e 00 280 P 2 Sk A, 2R 48 2 DR BT ol R 3 1
GO T4 DX, 3 R 24 i PR AR B 7] R i
T SRR 5 170 T AR HA i ) B, 2 B
JO7 7 DX, DR 28 B B 1 A8 A S B0 D) RO, il
i SR FE 6 2 T i, AT S ol 2R 1) I X% 1)
AR G SR RE MRV R I SRR RE A R B, TR
2 AP PR 280 80 T A0 R 8 4 B A L 7], AT 552 B L I
148 RE A T H A AR Y H b o 5 245 1Y
e, TR S 4 L5 SE A A S I T R Ak 2R S Y F A
D) 2 S5 R B ARG Y JE 2R AR T4 2 A
32 HRRBRERERRAB KA

e 1] r R A EE U il 2492 TP R R
A Y 2 A%, (R KT I FIK I B 24 AR K

oo M



«20 - % B 45

#x 53 K 2021 % 7 A

VLS B A T e, o BT 5 0 T 0 il i i A7 Bl
BRECA, 3w I £ i = P B R s RE 1, S BNt
FREARIRR S . H AT, SEMA LY ICP JEA F AL
AR f5e o A, B HEAT T ORMUBL R B B, L4
5 E IS TR T B, IS T —E R
R, HETER S . T PR SE TUA T A4
ARFEANE T PRISBEFE S 2 IR B B, i R IE i
St SE T T KA D TR R B S FOR (R
F o MR B A AR B R T I T AR B BOAR,
FE] PAY e I A 8 T B S R 28 A 8O i
ARVUR & — 2R RA AR LR )
ARERE ST 5 AR L, 2R TOC BIE KT 6%, HK
M, AHLBSERILL T I B R AR O 325 2 T
IR SR TR R A Ak, Rl R A
(350 C PLE); =REZENBERER, T REE
A PSS AL o Al Sl K IS TR A T B R, TRk
JZiE T ECE, B, W R UR RO 4
BRI, DR & )2 198 0 5 DU 00a T %
ZE BT BV A EOR

ER45 0 Hr R AR A JE T i il TR AR B 2% b i
S AL AR A, R A AR A AR B
B+t (R 7 I A B3R BB AT B Bl 474
W RIHOE () 5 A e/ 240 A 5 Ay
L TF SR ARy E, I 5 XUEE o T Ui T B R 25
o IR SIS B L S R I 5, AT IR
I RE L Tl AR I e S I 8 R 9 R S B T
R R, TR, a0 2 I DR S L T SR AR 5
a7 LN A R L SR A, DAE— A B il o
o (EERE AR, N AP LIS AR
Pt /A A 2R A ) B K DXCIOR AT RE T e, DA SKE B3 )
SRR E KA o T A A IR AR A
e ZRAL R P S DX IR Bl 258 4k, X LA PRI P A X
SRRFSE IR, NS 2e e Z AT “E A G A
Pk /HEAL 2L TR 7 22 58 B Ar ik S B2 5 TR 8,
FLE S U 4R X

4 i 5a

1) b S AR BT il -5 3 [ i AR 0 7ok 3 = 1)
PVEAFAE 22 5 B, A T R SOR Tk B
i, o BB RS AN [R] A U A = R, T
H R SR D i T R AR R PR i B
TR BOCHTTE, Ul A BUA T R BRI &R, 5
IR Sl 20V €

2) X A A U 32 0 X e TR AR
RO, T R AR L B 3 A A O R TR B R OOk, It
IRl ) B, G RANER A A s, ]
PR B U T A B PR S, F O 2 S LT
G20, T8 BURARY 45 HF K

3) v A BT N AR S H TR A, B
TR DL B 3 7 AR O L BEAS S A, PR AR
FIL WU i ER R REOR, N B “IF T
77 KA, IR AT RE LB I B B g R,
B R KRG S R OR 1 P R B AR ok 54
B, A4S AR A R R BUE 2 A A Btk B A Bk
it ZE G R, IFRAR R A M A B 5 &
12, LASEITUA M I 2 5 A 80T & .

4) A G EE T I 2R A R A R B A
53 AR G S 06 2 i T AR, 75 i I AR 5
TR, FFREHLIT R BRI 9 S Sk il AR

Bift: AL FHAXTHLEFHIELEZTAE
b, PEHEREH I ERRFREIHEKR. TR
ke FHFDFEKR, 2%, FAEF. RKER, F
WAAHF R ERBET KEH B, Ab—HF &K FRAH,

2 £ X M

References

(1] Effun, F-EAR, 5P, b E R G DU T 50 KR T &
J [7]. RIRSHBREL, 2020, 31(3): 417-427.
WANG Qianru, TAO Shizhen, GUAN Ping. Progress in research
and exploration & development of shale oil in continental basins in
China[J]. Natural Gas Geoscience, 2020, 31(3): 417-427.

(2] Ak, SRORMS, 576, TUR M2 R RBGER AR MBS [7].
AR, 2020, 5(4): 496-511.
SHI Lin, ZHANG Kunpeng, MU Lijun. Discussion of hydraulic
fracturing technical issues in shale oil reservoirs[J]. Petroleum Sci-
ence Bulletin, 2020, 5(4): 496-511.

[3]  fifgid, e, A, & hEAMW T =317 R E R
ARSI RS (7). B E AR, 2021, 26(1):
17-30.
HE Haiqing, FAN Tuzhi, GUO Xujie, et al. Major achievements in
oil and gas exploration of PetroChina during the 13th Five-Year
Plan period and its development strategy for the 14th Five-Year
Plan[J]. China Petroleum Exploration, 2021, 26(1): 17-30.

(4] BBE, KW, ZRIE. 5 ARFRBUE AR T KT
BRFFBOAR [0]. AhARRBOR, 2014, 42(6): 30-33.
LIAO Tengyan, YU Libin, LI Junsheng. A factory-like drilling te-
chnology of horizontal wells for tight sandstone reservoirs in the
Jimusaer Area[J]. Petroleum Drilling Techniques, 2014, 42(6):
30-33.

[5]  Wnthsk, fildend, T A, 45, A< P B4Rt X DU il KoK
BOKPIFRIFHAR (1], Al RER, 2020, 48(1): 9-14.
LIU Weirong, NI Huafeng, WANG Xuefeng, et al. Shale oil hori-


http://dx.doi.org/10.3969/j.issn.2096-1693.2020.04.043
http://dx.doi.org/10.3969/j.issn.2096-1693.2020.04.043
http://dx.doi.org/10.3969/j.issn.2096-1693.2020.04.043
http://dx.doi.org/10.3969/j.issn.2096-1693.2020.04.043
http://dx.doi.org/10.11911/syztjs.2020029
http://dx.doi.org/10.3969/j.issn.2096-1693.2020.04.043
http://dx.doi.org/10.3969/j.issn.2096-1693.2020.04.043
http://dx.doi.org/10.3969/j.issn.2096-1693.2020.04.043
http://dx.doi.org/10.3969/j.issn.2096-1693.2020.04.043
http://dx.doi.org/10.11911/syztjs.2020029

% 49 5 % 4 e

N

pe

EEE P B BT E A AR IR IR 5 KA

D] e

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

zontal drilling technology with super-long horizontal laterals in the
Longdong Region of the Changqing Oilfield[J]. Petroleum Drilling
Techniques, 2020, 48(1): 9-14.

T, E0S, GEIFIE, 55, KU H SUE AT B R DG s R
). ABERE A, 2020, 48(2): 34-41.

YANG Can, WANG Peng, RAO Kaibo, et al. Key technologies for
drilling horizontal shale oil wells in the Dagang Oilfield[J]. Petro-
leum Drilling Techniques, 2020, 48(2): 34-41.

B, TR, IR VL IR B IS TR A A B AR DL K
MR ST (9], RN U, 2019, 26(3): 94-98.

LEI Hao, HE Jianhua, HU Zhenguo. Physical simulation and influ-
encing factor analysis of the flow characteristics in the shale oil
reservoir of Qianjiang Depression[J]. Special Oil & Gas Reservoirs,
2019, 26(3): 94-98.

T R DR T T 2 I B B R IR AR (0], A B R
A, 2013, 41(6): 44-50.

WAN Xuxin. Oil-based drilling fluid applied in drilling shale oil
reservoirs in Bonan Block[J]. Petroleum Drilling Techniques, 2013,
41(6): 44-50.

IMEIR, SRR, RIS o A B TR — Al K S Dy 1)
(1. S APEAN 5T %, 2021, 11(3): 269-280.

SUN Huanquan, ZHOU Dehua, ZHAO Peirong, et al. Geology-en-
gineering integration development direction of Sinopec[J]. Reser-
voir Evaluation and Development, 2021, 11(3): 269-280.

EBUE, OB, BB, TUA IS BOT R R 5E G s AR K
KJETTA [J]. AMERECA, 2019, 47(5): 1-10.

WANG Minsheng, GUANG Xinjun, GENG Lidong. Key
drilling/completion technologies and development trends in the effi-
cient development of shale oil[J]. Petroleum Drilling Techniques,
2019, 47(5): 1-10.

BRI, XU E I, A, 5. SUEIE)Z BSOS FROT L HOR 0.
AihER T2, 2019, 41(2): 212-223.

GUAN Baoshan, LIU Yuting, LIANG Li, et al. Shale oil reservoir
reconstruction and efficient development technology[J]. Oil Drilling
& Production Technology, 2019, 41(2): 212-223.

DU H, RADONIJIC M. The mechanism of fracture initiation in shale
rocks: Pottsville cap-rock-shale vs. Marcellus unconventional reser-
voir-shale[R]. ARMA-2019-0144, 2019.

ELTAHAN E, REGO F B, YU W, et al. Impact of well shut-in after
hydraulic-fracture treatments on productivity and recovery in shale
oil reservoirs[R]. SPE 200395, 2020.

MAHMOOD M N, GUO B Y. An analytical method for opti-
mizing fracture spacing in shale oil reservoirs[R]. SPE 197083,
2019.

SAKAI T, KURIHARA M. Development of a three-dimensional,
three-phase, quadruple-porosity/quadruple-permeability white oil
ty-pe simulator with embedded discrete fracture model for predict-
ing shale gas/oil flow behavior[R]. SPWLA-JFES-2017-Q, 2017.
MAGSIPOC E, ABDELAZIZ A, HA J, et al. Analysis of the frac-

ture morphologies from a laboratory hydraulic fracture experiment

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

on montney shale[R]. ARMA-IGS-20-061, 2020.

LI M, MAGSIPOC E, ABDELAZIZ A, et al. Mapping fracture
complexity in hydraulically fractured montney shale by serial sec-
tion reconstruction[R]. ARMA-2020-2053, 2020.

BODINI S A, FORNI L P, TUERO F, et al. Unconventional EOR:
field tests results in Vaca Muerta shale play: a capillary based im-
proved oil recovery case study for shale/tight oil scenarios[R]. SPE
191877, 2018.

ZHANG R X, HOU B, ZENG Y J, et al. Investigation on hydraulic
fracture initiation and propagation with LPG fracturing in shale
formation based on true tri-axial laboratory experiments[R]. SPE
191107, 2018.

LI Z, HOU B, ZHANG K, et al. Microscopic fracture mechanism of
inter-salt shale oil reservoir based on three-dimensional reconstruc-
tion of CT[R]. ISRM-EUROCK-2020-126, 2020.

JIANG B Y, LU C, HUANG C H, et al. A study on deformation
characteristics of shale self-propped fracture under normal stress[R].
ARMA-2020-1744, 2020.

CHEN Z M, LIU H, LIAO X W, et al. Pressure transient analysis of
wells in shale oil reservoirs with complex hydraulic fracture net-
works based on numerical approach[R]. SPE 196568, 2019.

YANG X, GUO B Y, TIMIYAN T A. A mathematical model for
predicting long-term productivity of channel-fractured shale gas/oil
wells[R]. SPE 204471, 2020.

BO%RS, THIEHH, #8 5t, . AL DUE B AR | R AR
TES AR (3] AT S R IR, 2019, 26(1): 13-28.

LI Maowen, MA Xiaoxiao, JJANG Qigui, et al. Enlightenment from
formation conditions and enrichment characteristics of marine shale
oil in North America[J]. Petroleum Geology and Recovery Effi-
ciency, 2019, 26(1): 13-28.

IMFIR, S, RAEAE, A o B A UA TR S S R
1. A IR, 2019, 24(5): 569-575.

SUN Huanquan, CAI Xunyu, ZHOU Dehua, et al. Practice and pro-
spect of Sinopec shale oil exploration[J]. China Petroleum Explora-
tion, 2019, 24(5): 569-575.

EIBR, BRAE A, AT, S5 TR TR SO K T R PR RO
SERORBISE (], A IREAR, 2020, 48(3): 63-69.

YAN Lin, CHEN Fuli, WANG Zhiping, et al. Challenges and tech-
nical countermeasures for effective development of shale oil in
China[J]. Petroleum Drilling Techniques, 2020, 48(3): 63—69.

B IE2E, %, W DK RBR BB B [T]. ATl B R R,
2020, 48(5): 1-8.

JIANG Tingxue, ZUO Luo, HUANG Jing. Development trends and
prospects of less-water hydraulic fracturing technology[J]. Petro-
leum Drilling Techniques, 2020, 48(5): 1-8.

MANCHANDA R, ZHENG S, SHARMA M. Fracture sequencing
in multi-well pads: impact of staggering and lagging stages in zip-
per fracturing on well productivity[R]. SPE 199729, 2020.

[%8 KaHF]


http://dx.doi.org/10.11911/syztjs.2020029
http://dx.doi.org/10.11911/syztjs.2020029
http://dx.doi.org/10.11911/syztjs.2020036
http://dx.doi.org/10.11911/syztjs.2020036
http://dx.doi.org/10.11911/syztjs.2020036
http://dx.doi.org/10.3969/j.issn.1006-6535.2019.03.017
http://dx.doi.org/10.3969/j.issn.1006-6535.2019.03.017
http://dx.doi.org/10.3969/j.issn.1001-0890.2013.06.009
http://dx.doi.org/10.3969/j.issn.1001-0890.2013.06.009
http://dx.doi.org/10.3969/j.issn.1001-0890.2013.06.009
http://dx.doi.org/10.3969/j.issn.1672-7703.2019.05.004
http://dx.doi.org/10.3969/j.issn.1672-7703.2019.05.004
http://dx.doi.org/10.3969/j.issn.1672-7703.2019.05.004
http://dx.doi.org/10.3969/j.issn.1672-7703.2019.05.004
http://dx.doi.org/10.11911/syztjs.2020058
http://dx.doi.org/10.11911/syztjs.2020058
http://dx.doi.org/10.11911/syztjs.2020119
http://dx.doi.org/10.11911/syztjs.2020119
http://dx.doi.org/10.11911/syztjs.2020119
http://dx.doi.org/10.11911/syztjs.2020029
http://dx.doi.org/10.11911/syztjs.2020029
http://dx.doi.org/10.11911/syztjs.2020036
http://dx.doi.org/10.11911/syztjs.2020036
http://dx.doi.org/10.11911/syztjs.2020036
http://dx.doi.org/10.3969/j.issn.1006-6535.2019.03.017
http://dx.doi.org/10.3969/j.issn.1006-6535.2019.03.017
http://dx.doi.org/10.3969/j.issn.1001-0890.2013.06.009
http://dx.doi.org/10.3969/j.issn.1001-0890.2013.06.009
http://dx.doi.org/10.3969/j.issn.1001-0890.2013.06.009
http://dx.doi.org/10.3969/j.issn.1672-7703.2019.05.004
http://dx.doi.org/10.3969/j.issn.1672-7703.2019.05.004
http://dx.doi.org/10.3969/j.issn.1672-7703.2019.05.004
http://dx.doi.org/10.3969/j.issn.1672-7703.2019.05.004
http://dx.doi.org/10.11911/syztjs.2020058
http://dx.doi.org/10.11911/syztjs.2020058
http://dx.doi.org/10.11911/syztjs.2020119
http://dx.doi.org/10.11911/syztjs.2020119
http://dx.doi.org/10.11911/syztjs.2020119
http://dx.doi.org/10.11911/syztjs.2020029
http://dx.doi.org/10.11911/syztjs.2020029
http://dx.doi.org/10.11911/syztjs.2020036
http://dx.doi.org/10.11911/syztjs.2020036
http://dx.doi.org/10.11911/syztjs.2020036
http://dx.doi.org/10.3969/j.issn.1006-6535.2019.03.017
http://dx.doi.org/10.3969/j.issn.1006-6535.2019.03.017
http://dx.doi.org/10.3969/j.issn.1001-0890.2013.06.009
http://dx.doi.org/10.3969/j.issn.1001-0890.2013.06.009
http://dx.doi.org/10.3969/j.issn.1001-0890.2013.06.009
http://dx.doi.org/10.3969/j.issn.1672-7703.2019.05.004
http://dx.doi.org/10.3969/j.issn.1672-7703.2019.05.004
http://dx.doi.org/10.3969/j.issn.1672-7703.2019.05.004
http://dx.doi.org/10.3969/j.issn.1672-7703.2019.05.004
http://dx.doi.org/10.11911/syztjs.2020058
http://dx.doi.org/10.11911/syztjs.2020058
http://dx.doi.org/10.11911/syztjs.2020119
http://dx.doi.org/10.11911/syztjs.2020119
http://dx.doi.org/10.11911/syztjs.2020119

