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Thoughts on Shale Oil Development in Continental Fault Basin in Jiyang Depression

LI Yang', CAO Xiaopeng’, ZHAO Qingmin’, LIU Zupeng’, XUE Zhaojie', JIANG Long’
(1. China Petroleum & Chemical Corporation, Beijing, 100728, China; 2. Sinopec Shengli Oilfield Company, Dongying, Shandong,
257015, China; 3. Sinopec Petroleum Exploration and Production Research Institute, Beijing, 102206, China)

Abstract: Jiyang Depression is a typical continental fault basin, and its beneficial development is of great
significance for the sustainable development of shale oil in China. Shale oil reservoirs in continental fault basins have
complex tectonics, diverse lithofacies types, and complicated fluid properties, making it difficult to achieve beneficial
development. Significant progress was made in Jiyang Depression after three stages of exploration, including research
and evaluation, experimental development, and large-scale production construction. To this end, the challenges faced
by shale oil developing technologies, such as high-quality sweet spot evaluation, three-dimensional development and
optimization, efficient reservoir stimulation, reservoir energy energy replenishment to enhance oil recovery, etc. were
systematically summarized. Technical measures and beneficial development management models such as double sweet
spot evaluation of engineering and geology, optimization of the combination of well pattern and layer system, CO, pre-
pad fracturing using extreme jet and dense perforation, gas injection for energy replenishment, and chemical enhanced
oil recovery. The shale oil developing technologies and management model system for the continental fault basins were
initially formed, suggestions on the future development direction were put forward, providing a reference for the
efficient development of shale oil in continental fault basins.
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21 ALK, SUAE M EH MM T M2k P EESR 2 WAL A I A | o
MW E A A SR O RS R AR U U RO R O T B s e
G TUE I AT R, [ E S T AR 5 3 A SR L, o ) A DT A b 5T v
Py, R AR R A T SRRk, TEUURUEREE M REARAE | AL SR R IE L A

Y5 B #3: 2024-01-04; 2= H #7: 2024-06-12

TEEFN: M (1958—) , B, LWAAPFA,I9 F L TR HFR LML EL, 2000 FFKFEAFEERFS LG LF12, £5
BIARI, PEIARRRE:, EZ2AFHABRTALABE S XEE AL T, 2 AP %%, Email: liyang@sinopec.com.cn

HETH: PEARESHBEALRAE “REFTRLLBRR B HFLXMATRRFRL” (P22037) H2AR AR


https://doi.org/10.11911/syztjs.2024056
mailto:liyang@sinopec.com.cn

2. % i 4b

% H A 2024 % 7 A

W 7 R DT T AR AE K 24 S, Rk L 1) 40 A 78
PR | RS S AR A B R | PRI AR AR L AL
IR 258 g 12 TR0 2 TS 8 B R A e
BAIE H T B R R IR

it AR R IERIBIERF Y . T AR TR A
7S R A, 5E 30 B I A O T T R RS T R
G, SeI T AR E A N 3 EREE) 5 Bk
0, WA TE T S ZE AT | SR TT R AR AL
BEHF KT e el 0 K T 25 1) 0 3 AL 2 4 B
P A AR S5 G i I & G BB A L % B O i
O S I R K LA T I A 3 L 3
FIWLERSE 2 | 4 B3 07 2 R TF K5 B R R4 7 4
RERAEH LY. T, 55545 B30
T % S2 B IR, T ik K T B 0 b 0 5 T 2 10 e
T 77 4 0 T LA R, DL Sy vl ] AH 0
WIF R A2 ffl s

1 i A 7 B 7 b 5 T 2

I E G A R 4.61x10" ¢, EEAAATE
UROR 2T AAIT L M | R R A BT, Ko
S TR U TR [ S 2 10° ¢ JFU AR R A TR T
W #E 2022 45K, R E A Rt = A A e
8 50x10° t, Horh 45 B Ml ik i 13.06%10° t, 4R P i
T 3.315%10° t, o5 4 [ Fh AR = B0 1.46%., THE L
AR Bt M B S JR T E, 90% B HR AR AR TR I i
VDL, FE IR AL AE 4 B 2

T PH 8 B 037 T 8 v 1 P, 2 v T AR
A AR LD i R T A, R VD = R BRI Y
g BB 2 BRI TUEWE R, W44 Y UR
1.0x10" t, M7 FE L R B4 11 Mk, ¥
BH 340 563 T 5 3ol AT A R B IR, AT A A 4y
ATTE 0.5%~1.2%, Horb #e Ab BUEE /N T 0.9% 1
I 78 Ak 0025 9 B IR E Gk 90 % 5 B IR JE AE
3 000~5 500 m, i )2 )5 £ 7F 300~500 m, 3 [ .0 )5
RIS A 3K 1500 m; #b)Z R 130~200 °C, JE 5 &
B1.2~2.0, BRE “ LR BEAG . HER  JREE K
R R, AT AR AR AR AT ARRRE

2 [li A BT B 2 b DU T A Bk

e 1] i AR 5 T K AT Ak A8 B BE, AR Sl
B R R LRI RE AR T WA IR AT
HRFTF B I T A S B AR, V45 T 82 0 i A 17
B 2 M I i T R S8R Y R R

21 FAEREREMERS, =%HERINRYE

T SV 2 S5 B PRI AL 28 45 T
KB o U TR AR 2R G PR AR BP9 2
il 1, 3 TN O 0 M R i, LR AR R
P\ REaE | N ) S A R AR ORI, 3 i U
i AR DX/ BE =2 [] o [l AR DB 6 2 3t 0 il By 2
ROk, ZRIEREEL T, MBI ZHE, R R
PSR o AR BUA A A P 2R SLEREEH S,
YERAIE S5 A W BB B /D, B A AR i H
ME &R, &S I R 22 5255, BUA
B FE AR RO G S U R Z R YER S
MR T 45 R B HOA i AN BEMER 5 A A A S
PRI I3 AT U . Fr 2 — 2D S8 3 A T | S EE Tl
0L M 7 ) UM A | I PN T 95 ) 23 A
W, A sk i T 4R A m] A o Al
22 NFEGHEXNESR, BEIRAXRES

Wi b b T B R R S R, HUZ AR A2 A
R, YA A MU A 22 5, KK BAi 2 (R, 52 2%
Mo 5 A A D7 AR BT XERE R B X XA
JEE R W A 2 A R R, W SR A 2
IR A A I DT S R AR L A BEXTIUH R 2 R
JEE A o 5 AR )R, O T B S M A A
Ko VARIFH IR BN R, 5 58O A X )
AN TE T, H W R AR SR R D, 5
SEOFE Y, AR I IT R BOR, & A M
B KoK S8
23 WREREXRESE, SRERETH

Wil AT S 3ol o A0 T I L XA 1) i SR A
T, HUJZ TR R BOR, A A B Ty, TR R i
SEVRIME 5 2) K P F2 B ) 22 BRI, S 5 1) HiE 1 14
APREPEAZ /N, ROR AT E VR AR, K T R 4E Y
ANEIEY, ME LIS B R B N R 225 de oROK S £ )
T3 1) 5 AR 559 11 I A B/ INE, K T 2R By R R AR
ZLEES A L, MO ROR 225 3) 2 W R AR AR
BERE, BRI I A IR ORI, THAETE S 4
P i I 00 o) A e, e DX 5 4) K g T 2
HE&E SRR, M 2R B X i 2 R A AR
TR, Gy RN 1 e vk, e A AR A A ) AL
24 VIHAFREBEAR, FHERIMETFLZYE

Wili A T ol Lk SR P 3 7 30T R, 0407
T, E R B PR, P 24 SR I AR SRR AR
GV A ROT R M, 5 24 70 1L JZ RE R 5 2R i
R, WA TR A AR B B R, IR RS R T, A
By 3 TR R SRR AN, 5 A S = A



%524 5 44 & A PR A IEAR BT TG 2K T S ik T R 49 LR B * 3

Wiks, RGE et W MEHNE EEITF L H
A AT AT M |3 P RN S, IR DUR TR
BB B R MCR I A BT &
25 ZEINMEFE, FARNSHNEESITHE

FE TS R AR 5 MBS R R B8
LRI B I e ol S S W= L = W N |
BA il 5 205 S R IR R AL AN BB AT R A H% o IR 5 A 57 T
T K 4 A R B X, A T R R IR L A
FIDXBEHE | WA B R ST RE AT,

3l /R DB B 7 b e T K SRR

3.1 TUAEHEAIEMEAR

TR SR EE R TR CEm R
X/B” Mg TR “ ANEmB X/ WA E.
CREEWIRX/ET MAES “WREEm R W
FAL, PR AR UL T o A T AR R A ] SR
K, “=wm7 FoRA YU F R R PE LR B A X
B MO R R, R 8 T Tl AR
TR A A R, “ NEmBX/B” HEA
#CERMI— KT WRHIE, =7 fRiEtEr
Yo Bl L R R RN Al s B R O R,
CTPRAR” 48 M X B W B B R 3 A R I L
HEBRM, “—KE” MRARUELE, 0tk
RS | A AR A RS 48 4F, AR Tl i N Tk s
U = R8T 8 1

TE 0 B AT VEAN T T, DA RIS AH 2 A S Sl
P B PR & i L W R O i BVE | R RS
FERER N SCHES R, MEREPE AL AR KT 0.65% 1Y
2 BRSO REAR, DL AR A DL HE AR TR R A4
K o TR FHI 3000 DA A ()48 3ot 354 i A B ) 3 o)
Oy ARGy G, IF A5 A R Z4E0 | AifJ2E R TORE
JEFF PPN S5 R, L5 GBS, PRI pT 3
Bilt =, )P b 7% 5000 0 T T S T A, S
BRI S =23 (R AR DAY, it BRI 7 B A A

TE T AR F VA Jr I, 25 58 o0 a] R |
Fig&m St RIRMEEL T KM iESFH K, R
o . T AR R A S P P AR, R
TR BT S G227 ik, 7 BE 4 I R i i
S TR HE Y, AR R [F) b X T 22 S AL R A TR,
FH i B R TR s, DXl R 2 Bt
32 IZEFEREHEAR
3.2.1  ZARFFAAMKAL

D) Atk . FEmEZE & F A A
[E] 43 A5 X o R ) 07 1 SR &R, H A FIAH Ak B R

SR MR R, SR Wi X A R R
B AR DG C S, DAk A B, SRR A R T
COF-T AT A B 2R B,
JESPR I RN, R — I G358 £ 1K
HlE mH, LIEFIHE RIS, AR THELEE R,

2)EHA B W E R E S, [F A
g N T a5 R T3, 755 IR Yk i
PR TR T AT, DA R 2 B B B R, A
SESERTE Ay IR BREVR R FHF R AR B

3)EHHEM e, T AR, WA
BOR PR, R AR R A A s ], SR
151 R 7/ 1B e Wl i/ e O i B = N OB | S D iy
P, L2 S O SE NP R AE, B ST
RTIF KA R ECE, TR T “ Dhm) 37 AR 28 4, SF 1 B
8 O TP I I W -y - 2 113 3 1 I =3 1
] F 46, S B4 i 3h A o Kb o 35 T Bl i 7 )
R EFE, A5 ERARMERERE. 5
N T8 (R A 350, B A B B
322 IZARFREHAAR

VIt & 3 | 7 B R 2 5 Al 4 B KA H AR,
T ST AR TE R AR AL BT AR, 52 B0 B 2 41
3EHEE] S EME R, T 7 EREIEMILER .
BEGUV- 1 H X E 3 BN R IF A HA (I 1),
e s HIFEE H b A i, 6 1R IR R
THr i e, T E A A A 10 T3 gk
TUF M R I AL, SEEL T B B 4 0 R R,
HETH2HRa & H 7=l 220 ¢, 237700 1.14%10° ¢,

VhPY R C8 241

oI FEEE C5 JE41 FY1-8HFY
K /m

1 BTE1HAIERESHEHA
Fig.1 3-storey pilot test well group FYP 1

33 BRIALKERBEAR

W7 o T8 72 2O SR I T R G2 B
JRIE 28 5 R BRE Sy L K 20 T 28 57 0K )
G JRMEFNSLAATT K B4 T 3R E Z2 PR il ik T4
Yy i | e A 1 SR TR N R SR R
FRESESH, B 1 0Ua il AKCE IR AT RPN O5



“ 4. % T I S S S N 2024 4 7 A
/z*i M AR R B SRR BTE CO 4 A 48 W K 3007 S .
JEZE A, 3 T 2P 825 W Ik 250175

ENRI R, CO, H5aafE A a1
Ji2EbERT, AT E IR CO, JFitm T4 A mMfL
B J7, AR T 2 5 1 T R A R, (LR
FEAR T 32% (LK 2) . CO, i HABERL . HafE . A2 HL
YER, T R S Rl s i . 0 S B ER B, A
BHIG A CO, REMH B 24T T FEAIK 9 MPa, AL &
SHAK R, CO, n MGk N\ T 244 55 )21 e ias, 2
HE A A S B 2, AR Sl 93 mm ¥ M=
190 mm, 244855 e R 117 5 (WL 3) .

60 -

— R 1
—bRERTE 2
S0y —— IR 3
——tnifiE 4
40+
<
:
30+
s
S 20t
10 -

0 02 04 06 08 1.0 12 14 1.6 1.8 2.0
NiZE, %

B2 CO,xEANFMRIZM
Fig.2 Effect of CO, on rock mechanical properties

Wil 1 DB e 9890 ) i 3 Bl R A, W R AR R R,
W7 54l S Ay i R BRI A i R AR R . TR
KR SUZ 5P SREUZEIZ, W U2 W) 2l )= 55 1
T IO A, R 1) Sl R L KSR 2R R, A
ROHE RN o BT X R SR 22 N 2 0 R R4
Y FURRAE, BT T A2 6 R RS TE A YT S
AR, A SR IR U 22 T 4 i s R O HERE
DR AR i A 4 I ek i, i v A AR (AR
Wili 11 VB 563 2 4t 2 7 A T ) B 2 R R R
FEAE 22 P AR P JBA AH BT, 22 )2 p R 38 S 1A T 2R i
Ferh, 258 LK F139 1 S sh A AN K i, B i Ak
P )2 | AR ST L ) PR A A R R )
PR Wi, T H BRI AA T 2
B [ M 1 2 s AR S BV, BT AR DL S 19 22 Sk ar
PREE R, S R B0t T 2%, DLICRE 13 | k1580
AL, F R BR RN S 2, S B TE e ek
i 2 A [R]N, JBE G 0 ) A 4o (ILIET 4) o
DA A& 45 0 i dme KA B0, F2 88 — T —

— BT RRBOH Y, Bk Bt SRR
— WG A, N 4% M5 | S7 AR s ] HE 2 i

FH PR, 38 i e 2B UL AL AL, B Sr AR 4
NSRORRZRIUY o TR e, il Bt 715

50 .
0 50 100 150 200 250 300
K /mm
(a) FEACO, Hi
300

100
50 i o e -
R e L S
0 50 100 150 200 250 300
K /mm
(b) HEACO, &

B3 CO, [EZ5iExT 48 W B 52 M

Fig.3 Effect of CO, fracturing stimulation on fracture net-
work

¥ }3/MPa

(b) HuLIFRE A s

4 UEFERAEHEERTE
Fig.4 Balanced fracturing of three-dimensional develop-
ment well group

I Beah 25 0 5 48 ARV | S8 T 45 F a1 4R 2
i 7 3 5 ARV IS | 2t T 2 A) AR 24 4 R ) A



%524 5 44 & A PR A IEAR BT TG 2K T S ik T R 49 LR B © 5

DCRE 3 o 6 iy 000 0 0 | S AR A o s e Y
SRR R 2400, 8 A1 s XU N 0 AR s
e SN ARTT 2 AL ) B i R 24
34 2FEH EUREBFEEHA
341 EAFREZRKE

H F 9 R R 2 oA A, AR
5 CO,. RIRR N, B M2 A5 . BT CO, 3
HE RO A AEVE R, DAy 2 AN
CO, $2 2 SRR B HLFHE 32 A0 55 48 5 | 10 L Sl
J R . W B BRI B ANAE AL, B F
AR R, CO, B i 42 3 R MR i, (5
I I R BOAS T AL . R B AE T AW
CO, ZAF1E T 2485, M EL T 0 B, 75 2K
i 18] A BE HE A DT 5 3 AL B 7EA CO, Ja, U
DU REUE USSR RIRER, A EXERE

HERAR DT E o e | Bk L B L 3 R
FR AR AL 3 5 R ASOCR, B Ui,
A3 S e K (E o= 10 N e 0 11
Ah, Ny HHE SR 28 SAE 3 AN T RHIE A R
Kt o AR ECRBCR VLA X 42, 250
1) O, 5 015 A HIL BT I S Ak S T AR 1 P AR
Ak, eI T RN B = R TR A R AR, R
ith J2 5 BE 1) A8 A ] el AR N ) s S e Yk, TR
W B =N AL R, AR DU T
R ORI A 2T B, (AR GORILIR T 2 %
BT AL 0t 5 AR A AH AR LA 75 10— 25T
342 MWFRZRKE

T TR AL 22 B2 R R ORH R I i TR E B B,
FmIE PR AL 2 — . TUA )2 2 i
TR AH 2, 2 1S R0 T LA 2 B LB 2 T A IR B A
oy, BEARHOENEME . A TR LR 2, TS KL
Bt mF 3 K A T8 79 B A0 A8 T R, KR N 1 L R R
TAIHE A3 0 FR 2 B I B Ok . g2 5 3%
T 305 P 500 P8 R AR T s ) X6 0 ) 358 7= s SR 4

R, RAGE R H R W RS W R, R

PR 5 25 T B A2 S ] s S S A S R, A
T B 15 L 4% P Y I o (L FH 2% T 0 1 39 A7 A b
V2 I B B A e L ), 7 20 T i MR RE .
35 —@HUEEER

R I Rt B v, AR & B = o L, B
BT — R AL BRI A VR B AT L (LR S), B T
WG 7 Bl 8 B X, il 1 A 1 A it

oM BT B, MR H S 2%
Wl . L ERAERE, ST AFZEREHK
L6 2 5, W4 — b R s R pL ] —

Hiz o Tk A B U i [ R o Xl

YU/ G A TR
!

i aIEr TR Al
&

e DG | (ROFT | (R
“E T || ea ) Ya

B el )|
; ==
BUS | (A S TR S AR
pldal 1 T

'
BWTIEBE . IT R A N SURHI 2L B O T3
O R A A T (i

e A R — (LIS AT B T TR — Al
Bl ARG 1L, FRZH L)

5 —HRLERENBIRE

Fig.5 Integrated management mechanism

PR BT BR B SR | — A Al 5 [l Ak
AL, B I B 8] e R 25 2 [ A, s 25 T T4 % 52
Vi o 3E i — A Al S R S R AL, Sk — 1R
PR 5 PR LRI L B HARTT 1) B2k 4% R T 12
107 % — A I L BTt ER ER PSR AL, A 45 — 1A
PRI IR BB BT ILAL | 8520 J2= Bl B e A 42
R P AL 7 58 5 i 2 — Al S ) AL B AL,
S W — A Al S T R A | L IO I AL D [t
Proba o MBS LE], FEo A T e T AR
fika 7 B SE It R SEAE SR B R S KB
B B SR A AR R I B B, RO R dLAR
BRI 4o 36 fr B A | F I RC A . 2000 A
LRI NA, B H bR, SCBUE LT AR A
WA, XU B R I A o IR R R B
IR BB EOR, JF R AT R AU RO
HBTAT 3 A2 YRl VR B, XA Sl A E
b s, A S e F S U s . ST
UL m AR R RS | sh A, LS5 Bl
AL, FETHE BUKF-

4 JEHE%E

LA BH 0 i T e 52 B R 49, 0 25 98 18T i A
W 68 2 Ml 5 il R RO R | S AT S G i 4
ARG R REOAR | 2] EUR $ TH G HEHR
I — A A8 BRASE S, A7 B T i e BT 0 i A
MU 2 At o A o R L, W08 A 2 e 2B ROR
SEHUTT A JE R AN RE SR meR R H AR . SR
HIF 5 Fp N 4 24 2 R AL A 52 38 DL L7 T Y S B 4
AR, AR g It A B 23 M il B S8 T K

1) BUA it 20 40 BOPF B R o S ds S an AR
H R E, T ARGV A [ 28 B G ik I A B



e 6 YA ] 4b

2024 % 7 A

A, LA RE LR EEEE, Lk
i TRECHES R, I R e | A e A A R
FESBUA T B 5 50 3 o bn o, 38 57 i 05 43 T
MIRR . R “H M —FmE -2k RN A% Hb 5
TR OBUEH A ST AR TR 7, 3 R B = 4 b AR
AL, WA AS [R) )l A 2 1] A B

2) BUA M S ARTE R s sh R o SR TIF &
SR 13- R G- 58 8 R W A
ALK, TSI “ DUy RAETTIE, K AN
R =4 Uty m s EACKUEE, B ST A 24k
D) 25 [i] R 92 3 38 38 ISF AR B, T Bl ST AR I ) — 4 X
T i Tk, S P R S AR T 2 2 R B i oh
S 2 R AR A i i R A .

3)Z A AN REHE I BUR £ AR o 00 A s v JF
K IE 1, KRR 24 4% % T A, 5 Tl
KR . FFRFIA K FIEZ AN Fsh 7T )2
RE IO, & BESR(CO, | MRS ) Atk | 1
RE K ARk | AL 2B WA 2 R AR g7 X, iE—
£ 5 EUR,

4) GUA AL a5 s e . DU TN S AR T & A
P ERK WAL BRER R, BRe A
JE I R B0 i 2s, @ r R A A s ARt S
TF R H AR S 1) 4 A i TR A AL D SR AR AL, 75 LABK
ta & H bR, DL 24 S 50M T AR §i B S A8 4 28
i, ST U0 A I S AR sk s AR

5 gEIE

H i R DB e 2 3t e B R, B
Y00, 7 F2 M IR AL A 4 > W7 B 20 b A5 Bl AR 0 ik
R KB, TR B S A PR 5 R | AL
HLOCHEAX/BET W EERR IR I
SEARTIF A FOAR ST T R B R . FAT, i AR DB
B 3t T il B ROT R B 92 B RE R B, ALK
T e S A B B o L3 ] i A BT s 2 3 0
THAE BT IR AR 5T T A BOR | S B A5 T 145 A7 E
T2 PR, AR U R R o JERE AR PR HOR
SEARTT R S B AR | 2 8 WIS AT 4 3 i o 7™
B AR T AR A itk — 2 TRAIEIE, A B4
B BORBE S 2 AT L E A Ty, A BRI
AIREAS S RCHCR , S B DUA R AL 25 0T &

& % x #

References

(1] aBAfe, BB, ELLE, 55 AE R M SR A B e HoR B 13

[2]

(3]

[4]

[5]

[6]

[7]

[9]

[10]

[11]

Rl g i 7 (0] ARz, 2021, 40(3): 72-79.

ZOU Caineng, ZHAO Qun, WANG Hongyan, et al. Theory and
technology of unconventional oil and gas exploration and develop-
ment helps China increase oil and gas reserves and production[J].
Petroleum Science and Technology Forum, 2021, 40(3): 72-79.
ARARE, WRRADT, BURE. R CREIRANSL SN A T | PR
B2 SCI. AR 574, 2020, 47(2): 416-426.

ZOU Caineng, PAN Songqi, ZHAO Qun. On the connotation, chal-

“

lenge and significance of China’s energy independence”
strategy[J]. Petroleum Exploration and Development, 2020, 47(2):
416-426.

ARARE, WRFAYT, SEXIRE. IR REIR Ay SR A (7], PER AR
SR CAREIFAND, 2019, 41(3): 1-12.

ZOU Caineng, PAN Songqi, DANG Liushuan. On the energy re-
volution and the mission of science and technology[J]. Journal of
Southwest Petroleum University(Science & Technology Edition),
2019, 41(3): 1-12.

ZRFE R, AL P A AR R SR SR BUR | PR S DG TER]
AL [I]. P A R, 2020, 25(2): 1-13.

LI Guoxin, ZHU Rukai. Progress, challenges and key issues of un-
conventional oil and gas development of CNPC[J]. China Petro-
leum Exploration, 2020, 25(2): 1-13.

ARATRE, WEARST, SRR, 45, BUAI A R [J]. A3,
2020, 41(1): 1-12.

ZOU Caineng, PAN Songqi, JING Zhenhua, et al. Shale oil and gas
revolution and its impact[J]. Acta Petrolei Sinica, 2020, 41(1): 1-12.
W, 28 AERIUE R R (1] iR, 2019,
24(5):553-559.

YANG Lei, JIN Zhijun. Global shale oil development and pro-
spects[J]. China Petroleum Exploration, 2019, 24(5): 553-559.

SRR, eI, VA, A RN T 35 1 U PRI X 1 v
BOPRBIAR [J]. AR IE1R, 2020, 39(4): 26-30.

TANG Wei, LIANG Kun, FENG lJinde, et al. Enlightenment from
dilemma of US shale oil development under low oil prices[J]. Petro-
leum Science and Technology Forum, 2020, 39(4): 26-30.

Sf AN, 2 L RK, 2 A, A BEAR DU TR R T iR A T R
[7]. HaBkRlE, 2023, 48(1): 14-29.

XIAN Chenggang, LI Guoxin, LI Caoxiong, et al. Key evaluation
aspects for economic development of continental shale oil[J]. Earth
Science, 2023, 48(1): 14-29.

W, ABATRE. “CHEBRINT - AR AT [T] AR
54,2019, 46(1): 173-184.

YANG Zhi, ZOU Caineng. “ Exploring petroleum inside source
kitchen” : connotation and prospects of source rock oil and gas[J].
Petroleum Exploration and Development, 2019, 46(1): 173-184.
IO, G, FIRHI, 4. ekl KBRS 40 (3], Al
MRS %, 2018, 45(4): 727-736.

TONG Xiaoguang, ZHANG Guangya, WANG Zhaoming, et al.
Distribution and potential of global oil and gas resources[J]. Petro-
leum Exploration and Development, 2018, 45(4): 727-736.

XS, AR, SREDE, 5. h [ SUAE SRR TT K - BRI | 52
BB (7], RARR Tl 2023, 43(4): 177-183.

LIU Hongyuan, PU Xiaoyi, ZHANG Liehui, et al. Beneficial devel-
opment of shale gas in China: theoretical logic, practical logic and
prospect[J]. Natural Gas Industry, 2023, 43(4): 177-183.


https://doi.org/10.3969/j.issn.1002-302x.2021.03.007
https://doi.org/10.3969/j.issn.1002-302x.2021.03.007
https://doi.org/10.11698/PED.2020.02.21
https://doi.org/10.11698/PED.2020.02.21
https://doi.org/10.3969/j.issn.1672-7703.2020.02.001
https://doi.org/10.3969/j.issn.1672-7703.2020.02.001
https://doi.org/10.3969/j.issn.1672-7703.2020.02.001
https://doi.org/10.3969/j.issn.1672-7703.2020.02.001
https://doi.org/10.7623/syxb202001001
https://doi.org/10.7623/syxb202001001
https://doi.org/10.3969/j.issn.1672-7703.2019.05.002
https://doi.org/10.3969/j.issn.1672-7703.2019.05.002
https://doi.org/10.3969/j.issn.1002-302x.2020.04.004
https://doi.org/10.3969/j.issn.1002-302x.2020.04.004
https://doi.org/10.3969/j.issn.1002-302x.2020.04.004
https://doi.org/10.11698/PED.2019.01.18
https://doi.org/10.11698/PED.2019.01.18
https://doi.org/10.11698/PED.2019.01.18
https://doi.org/10.11698/PED.2018.04.19
https://doi.org/10.11698/PED.2018.04.19
https://doi.org/10.11698/PED.2018.04.19
https://doi.org/10.11698/PED.2018.04.19

% 52K % 49 %

FASE TR A EAD BT 1A 23T 5 I & 69 LB % H

e 7

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

ffate, 2ot A, 2. SRR Z W A b Rl DA s S 21
FARMKALE [7]. £, 2022, 43(12): 1702-1716.

FU Jinhua, LI Shixiang, GUO Qiheng, et al. Enrichment conditions
and favorable area optimization of continental shale oil in Ordos
Basin[J]. Acta Petrolei Sinica, 2022, 43(12): 1702—1716.

FISCIH, SRR 22, T, S5, B Al e DU T s R e
IR BT R SE R (0] A4, 2022, 43(1): 1-14.

HE Wenyuan, MENG Qian, FENG Zihui, et al. In-situ accumula-
tion theory and exploration & development practice of Gulong shale
oil in Songliao Basin[J]. Acta Petrolei Sinica, 2022, 43(1): 1-14.
JASELZR, BRI, SEA, S5 BiAH SUA IR IR A R
5 TR SRR LABEE AR AR MRt 3 AL B A [0, Al
W5 %, 2020, 47(5): 1059-1066.

ZHOU Lihong, ZHAO Xianzheng, CHAI Gongquan, et al. Key ex-
ploration & development technologies and engineering practice of
continental shale oil: a case study of Member 2 of Paleogene Kong-
dian Formation in Cangdong Sag, Bohai Bay Basin, East China[J].
Petroleum Exploration and Development, 2020, 47(5): 1059-1066.
DT, BT, 2R SCU, S5, MENE R AT KB R MG DUAIR
i PR PRER G S (7] R AR, 2022, 27(1): 99-110.

XIE Jianyong, CUI Xinjiang, LI Wenbo, et al. Exploration and prac-
tice of benefit development of shale oil in Jimsar Sag, Junggar
Basin[J]. China Petroleum Exploration, 2022, 27(1): 99-110.
UK. B B B DO R 52 2 5 BOIR (7] 3l 5T 5 2R W
#,2019,26(1): 1-12.

SONG Mingshui. Practice and current status of shale oil explora-
tion in Jiyang Depression[J]. Petroleum Geology and Recovery Effi-
ciency, 2019, 26(1): 1-12.

AR, Bes s, PIVHERE. -1t 2 s s 1 vy 30 2R A TSI
WM B 7 X [3]. AR, 2023, 44(8): 1206-1221.

ZHU Xiangyu, DUAN Hongliang, SUN Yaxiong. Breakthrough and
significance of Paleogene continental shale oil exploration in Gaoy-
ou Sag, Subei Basin[J]. Sinica, 2023, 44(8):
1206-1221.

LA, 5, TS, 4. M R A — & R AL 2 TR 2
MY A S B R D0 0] AR S 0 K, 2012, 39(6) -
657-667.

KUANG Lichun, TANG Yong, LEI Dewen, et al. Formation condi-

tions and exploration potential of tight oil in the Permian saline la-

Acta Petrolei

custrine dolomitic rock, Junggar Basin, NW China[J]. Petroleum
Exploration and Development, 2012, 39(6): 657-667.

K%, IR 2, BEIERR, 5. T ERAR SO I ZEEL | 18 ) BeRi 5t
(1. A IR, 2019, 24(5): 560-568.

DU Jinhu, HU Suyun, PANG Zhenglian, et al. The types, potentials
and prospects of continental shale oil in China[J]. China Petroleum
Exploration, 2019, 24(5): 560-568.

IR, B, LTS, 5. B UEM UK I R BUR 2L
A1 ATIMEHR, 2023, 51(5): 8-14.

JIANG Tingxue, XIAO Bo, SHEN Ziqi, et al. Vertical penetration
of network fracturing technology for horizontal wells in continental
shale oil and gas[J]. Petroleum Drilling Techniques, 2023, 51(5):
8-14.

T IE, iz, BPEE, S5 AR DA U2 2L 4% S P50 S AR BT
52 [0 HOPRS 98I, 2022, 39(3): 373-382.

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

MA Chunxiao, XING Yun, LUO Pan, et al. Research on proppant
migration law of fractures in ccontinental shale gas rreservoir[J].
Drilling Fluid & Completion Fluid, 2022, 39(3): 373-382.

R, B, FIY, 5. TUE 2 HEER CO, Bt BRI
Wi S FLBRSIAFRAE [J]. A B ERER, 2022, 50(2): 38-44.

LI Fengxia, WANG Haibo, ZHOU Tong, et al. The influence of
fractures in shale oil reservoirs on CO, huff and puff and its pore
production characteristics[J]. Petroleum Drilling Techniques, 2022,
50(2): 38—44.

R, B, B, ARE MR REAH DUE T CO, 1Y REIE S 4%
JEABWIE (9], AR, 2023, 51(5): 42-48.

QIAN Qin, LU Mingjing, ZHONG Anhai. Study on fracture mor-
phology of CO, energized fracturing of continental shale oil in
Dongying Sag[J]. Petroleum Drilling Techniques, 2023, S51(5):
42-48.

AR, T PG DU 2 RS AT R OCHE TR R (9], Al
HHA, 2023, 51(1): 1-8.

YUAN lJianqgiang. Key engineering technologies for three-dimen-
sional development of multiple formations of shale oil in Jiyang De-
pression[J]. Petroleum Drilling Techniques, 2023, 51(1): 1-8.
HEE, MR, I, S5, U PRI BE SR DUA IR Z O LR
S5F ML (7], WP, 2023, 30(4): 535-544.

PENG Yanxia, DU Yushan, JIANG Long, et al. Micropore struc-
ture and fractal characteristics of shale oil reservoir in gentle slope
zone of Jiyang Depression[J]. Fault-Block Oil & Gas Field, 2023,
30(4): 535-544.

XU, NI, AR, 45, SURIIAE B A S T REVE N T
2 (7). Wbl <O, 2023, 30(4) 572-578.

LIU Wei, CAO Xiaopeng, XU Yaodong, et al. Production data ana-
lysis and productivity evaluation method for shale oil wells[J].
Fault-Block Oil & Gas Field, 2023, 30(4): 572-578.

UG IE, JAISE, TN, A5, DT 0 A A T R A R R A
Lo mAREAE : LU A 10 AR (MR L 4 — Bl [0]. Al 2
1R, 2019, 40(9): 1013-1029.

ZHAO Xianzheng, ZHOU Lihong, PU Xiugang, et al. Favorable
formation conditions and enrichment characteristics of lacustrine fa-
cies shale oil in faulted lake basin: a case study of Member 2 of
Kongdian Formation in Cangdong Sag, Bohai Bay Basin[J]. Acta
Petrolei Sinica, 2019, 40(9): 1013-1029.

W, ARG, fhscrh, S R SUA b R BURE 57O
BEREAR DAV AR B LS 20 B ) (0] A A A, 2019,
40(8):997-1012.

PU Xiugang, JIN Fengming, HAN Wenzhong, et al. Sweet spots
geological characteristics and key exploration technologies of con-
tinental shale oil: a case study of Member 2 of Kongdian Formation
in Cangdong Sag[J]. Acta Petrolei Sinica, 2019, 40(8): 997-1012.
e, /NI, IRERI, A5 SRR B =/ R K 7 BOUATI
BES) D). AR 5T 4, 2016, 43(4): 511-520.

YANG Hua, NIU Xiaobing, XU Liming, et al. Exploration poten-
tial of shale oil in Chang7 Member, Upper Triassic Yanchang Form-
ation, Ordos Basin, NW China[J]. Petroleum Exploration and De-
velopment, 2016, 43(4): 511-520.

[ %4 &t ]


https://doi.org/10.7623/syxb202212003
https://doi.org/10.7623/syxb202212003
https://doi.org/10.7623/syxb202201001
https://doi.org/10.7623/syxb202201001
https://doi.org/10.11698/PED.2020.05.20
https://doi.org/10.11698/PED.2020.05.20
https://doi.org/10.11698/PED.2020.05.20
https://doi.org/10.3969/j.issn.1672-7703.2022.01.009
https://doi.org/10.3969/j.issn.1672-7703.2022.01.009
https://doi.org/10.7623/syxb202308002
https://doi.org/10.7623/syxb202308002
https://doi.org/10.3969/j.issn.1672-7703.2019.05.003
https://doi.org/10.3969/j.issn.1672-7703.2019.05.003
https://doi.org/10.3969/j.issn.1672-7703.2019.05.003
https://doi.org/10.11911/syztjs.2023078
https://doi.org/10.11911/syztjs.2023078
https://doi.org/10.12358/j.issn.1001-5620.2022.03.017
https://doi.org/10.12358/j.issn.1001-5620.2022.03.017
https://doi.org/10.11911/syztjs.2022006
https://doi.org/10.11911/syztjs.2022006
https://doi.org/10.11911/syztjs.2023082
https://doi.org/10.11911/syztjs.2023082
https://doi.org/10.11911/syztjs.2023001
https://doi.org/10.11911/syztjs.2023001
https://doi.org/10.11911/syztjs.2023001
https://doi.org/10.7623/syxb201909001
https://doi.org/10.7623/syxb201909001
https://doi.org/10.7623/syxb201909001
https://doi.org/10.7623/syxb201909001
https://doi.org/10.7623/syxb201908011
https://doi.org/10.7623/syxb201908011

	1 陆相断陷盆地页岩油概况
	2 陆相断陷盆地页岩油开发挑战
	2.1 开发甜点影响因素多，三维甜点准确认识难
	2.2 立体开发布井模式复杂，储层动用率提高难
	2.3 地质因素复杂多变，高效压裂提高产能难
	2.4 初期产能递减快，后期储层补能开发难
	2.5 多部门协同开发，团队高效统筹运行难

	3 陆相断陷盆地页岩油开发关键技术
	3.1 页岩油甜点评价技术
	3.2 立体开发关键技术
	3.2.1 立体开发优化
	3.2.2 立体开发实施效果

	3.3 高效立体压裂技术
	3.4 全周期EUR提升关键技术
	3.4.1 注气提高采收率
	3.4.2 化学提高采收率

	3.5 一体化管理模式

	4 启示与思考
	5 结束语
	参考文献

