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Progress on Analysis Methods for the Whole Process of Fracturing

WANG Bo,ZHANG Enyu, MA Jinglong, SHANG Zichen, TAN Lin, HOU Yaoyao
(Karamay Campus , China University of Petroleum (Beijing) , Karamay 834000, Xinjiang , China)

Abstract: Given the characteristics of unconventional oil and gas reservoirs, such as low porosity, low permeability, and well-devel—-
oped natural fractures, this study systematically reviews the theoretical and application progress of the hydraulic fracturing technology.
The full text revolves four core domains : First, it reviews the development history of hydraulic fracturing numerical simulation methods
and explores the control mechanisms of cross—layer behaviors of fractures in vertical wells and balanced multi-cluster propagation of
fractures in horizontal wells. Second, it analyzes the characteristics of fracturing operation curves and the formation mechanisms of
screen—out, while highlighting real—time intelligent early warning technologies based on artificial intelligence. Third, it summarizes the
evaluation methods for stimulated reservoir volume (SRV) and post—fracturing effectiveness based on instantaneous shut—in pressure
decline analysis (G—function) , micro—seismic data, and dynamic production data. Finally, it compares the application advantages of
traditional empirical production decline models, modern numerical simulation, and machine learning in predicting production of oil
and gas wells with complex fracture networks. This study intends to provide a solid theoretical foundation and reference for exploring
fracturing mechanisms in complex reservoirs, optimizing operational designs, and improving the development efficiency of unconven—
tional oil and gas. It also points out future development directions, including refined simulation of multi-field coupling, engineering
adaptability of intelligent early warning, and precise dynamic characterization of SRV.

Key words: hydraulic fracturing; unconventional reservoir; numerical simulation; intelligent early warning; stimulated reservoir vol—

ume ; production prediction
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Fig. 1 Evolution of numerical simulation technologies for hydraulic fracturing
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Fig. 6 Schematic diagram of proppant transport and microscopic mechanism of screen—out in rough fractures
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Fig. 16 Machine learning—based production prediction method
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Fig. 17 Oil and gas well production prediction model based on multi-modal feature fusion and attention mechanisms

TETR A S AR, 587 FR A7 i e R 2
SEZWSFAN AL R, $2 T —Fh il & 288855
fE B AP-LSTMARE Y, AN 187 o %48 AL {fi FH Point-
Net-++$ R JZ2 J5E5 U4 I 1 = 2 5 = R iE, RIS

90

TR G i 45 5 25 1) 45 o 0 il A 4 B 28 b B R AR
BEG I AR AL R (AP) BT B AL AL IX 73
TS AR B B, R TR A= T e A R
g, R 15 X Bz AL g



o2k ol

5 B ARSI T R R R

ity

ESuRrY
C= 2 a[jhj

j=t-m
3

T

A /T

A A

TEEIIHLE

A A 4

Qi3 |am - 2!

a

it =1 i, |

o—L -0 ]
) ) ) )

L L O W

E18 BAEENVSIBLSTMBNEE gigE"
Fig. 18 Structure diagram of the attention—based LSTM prediction model"”!

VE R Z RS FFERL S 1 5 — D E 2503, U H
5 B Rl A R A B e . KIE R
(LLM) 7EE 254 10 T8 B 3 50 M7 -5 08 3l B b ) g
R PEAL S8 T o0 7™ 5t i s2 e B AL T B iR
AR,

4.3.4 MEAHREEHFTEFFRNFIER

SRR DK Bl 1 TR B 2 > AR A A3 s = ) 3L T i
BEVE , I HLAE 5391 5F e B B T i H5 4 AR B = 19 TR
Bio NI BUERAL SR SHLEs S > R EE R G
BLR GEME T ] 7

Mask &5 3 T —FhAIL 257 27 % Bl 3 vk ith £k 43
Hr(MLA-DCA) J5 ik 207 e el H 9 it 2
F (R )22 0 5 B8 A Ak B B S T i AW
TOUI PR -, R AR T R 0 iy A 2 FEE 8 T ) A O
P PR 2= 2R B F X Herbag o] B R bR it
T 22 55 3 7% 5 XCH Y 1) JE 0 o . MLA-DCAJY
PAE R AR W BOR FEAL AR 2 2T I kS BE AR 3 FE G
SOOI D0 ] 0 25 i ki 2, SR T RCR ST SRR
[F] 2T

FE TR B 2 2T (R A B 0 5 3k TE A — 1
N 7 IO 6% 1) il Z2 B AR AIE L 1o 28 DG 1 R T ML
DL S BRI 25 5 AL . X SEFOR AR =
TR FE ok A 2 AR R R A ) v SO A4t
TH X,

5 HIRSRE

25 LRI K R BEEARAE AR M =T R bk
BEREEWEM . ARV T 2857 B 10K 1 R385
(EAEADL T M 5 T ) ROR DA L K™ i
PO A 3= F T 1 TR A RIS . SR e S AR Y

M ST E AN WT R T 22 75K, BUA B SET39R A7 1
PAN A R i R B 22 IR

DR 258G T iAo A 2. 3
EERORA IR SV RP R IS VAN - B 27/ B iR 7] R g )
RO E P T ZE AR P p MR . BEXHRR
il e A 2 0 AT D B B A4 LA R
SE " R A P R L AT AR 7 BEIR AR TS o R NLIT
FHM SR SR BE 15 R 2 5 ik

2) SR IZ B 5 R BETUE A TS MM TR T
TN T RE AT s g T A 34 A T e R
WARK AT AR R ZAAE T RIS Sk BB . #E7
X Z IR O R RE ) (B DX B )Rz A E g LA B T
SEIR Py B AT g R AR SR 555 , ¥ LG 2 B SR 2R T
DU BT R o T — 2 Ry B R K Bl TR
JEE il 5 B AR

3) IR i PR AR B R AR AN KT B o H IR
SRV Al B J7 1k Z2 AR T (ol b 7 1 25 o BT AR 1Y T
ek A, X L2 ff 221 1 52 24k S IO A 0 9 A 258 U E
Jo R B 5 R HEZ AR TS L 19 R AR
AN, PG AT L SRV 5 52 bR i ik ™ ik 1) AR AR A7 A
D22 o AHe I 1 2 P I B Ik 45 S, T S LA 1)
FHE A B RAL

4) 77 TN AR R Xk A2 2 4 O RS AN B TR
1 GE 1) 22 50 128 Dol A 2 AR g T 75 32 o LA S 2 2 B I
A 7 2 i R A O ) SRR R 5 R0 . 5 T e
A RORE BB REESRUE A S R 7 > 5k i T
BRI SR S B BE Y b HE T

5)EREAL S A VA B IR RS . BEE
HEBOR B K AR R BT AL Yy B HR 5 4
AR St pe 0 A TR g R P 22 R AL RE ) #5558 1 (7]

91



BRI

20264

R [T, ATARHE 22 R AR T 0 2 T AT T P 4
] i T SR PPAG 55 A T 14 4 A i S S0 A
RS, SRR S BT S TR R

S 3k

[1] JAMALOEI B Y. A critical review of common models in
hydraulic—fracturing simulation: a practical guide for practitio-
ners [J]. Theoretical and Applied Fracture Mechanics, 2021,
113:102937.

[2]TANG H,WINTERFELD P H,WU Y S, et al. Integrated simu-
lation of multi-stage hydraulic fracturing in unconventional
reservoirs [ J |. Journal of Natural Gas Science and Engineer-
ing,2016,36:875-892.

[3]YANG P, ZHANG S,ZOU Y, et al. Numerical Simulation of
integrated three—dimensional hydraulic fracture propagation
and proppant transport in multi-well pad fracturing[J]. Com-
puters and Geotechnics,2024,167:106075.

[4] OLSON J E. Multi—fracture propagation modeling: applica-
tions to hydraulic fracturing in shales and tight gas sands[C]//
ARMA US Rock Mechanics / Geomechanics Symposium,
2008: ARMA 08-327.

[5AhEAT, P, XUR IR , 55 I B IRJZ BUA K ) TR 2B M 3

Jre R AS(E A LRI 5 [0 ). TR b T 24 41, 2022, 30(4) -
1193-1202.
SUN Jingxing, ZENG Bo, LIU Junchen, et al. Modeling study
on the hydraulic fracturing of deep shale reservoir in southern
Sichuan [J]. Journal of Engineering Geology, 2022, 30 (4) .
1193-1202.

[6]LIJ, XIU Q, HE X, et al. Integration of multi-source geologi-
cal engineering data for fracturing parameter optimization
mode [ J/OL]. Petroleum Science, (2026-04-01) [2026-05-
06 ]. https://doi.org/10.1016/j.petsci.2026.03.059.

(715K, /N B A, 45 POt I — 30 2 R S E TR

TR R BB A [T ], oh Al oA E i (A
IRFLAAR) ,2025,49(4) :86-94.
ZHANG Xu, ZHOU Xiaoxia, HUANG Zhongwei, et al. Nu-
merical simulation of hydraulic fracture characteristics in hot
dry rock under thermal-hydraulic-mechanical-damage cou-
pling effects [J]. Journal of China University of Petroleum
(Edition of Natural Science ) ,2025,49(4) :86-94.

(8] F5 1, B £, 477, 5% 26T COMSOL I & 9 3t~ [&l

R R RBMER T L () ). T8 124540, 2025, 42
(6):997-1004.
WEI Shiming, KAO Jiawei, JIN Yan, et al. Numerical simula-
tion method of fully fluid=solid coupled fracture propagation
based on COMSOL secondary development[]]. Chinese Jour-
nal of Computational Mechanics,2025 ,42(6):997-1004.

[OJHE 7K 20, 2 8E, 45, TUATMK ) R R R IR 7 b 4
BB A 7 2 (V). Al Bl R 102, 2024, 46 (3) -

92

326-335.

TIAN Jianchao,ZHANG Yi, LI Ning, et al. Numerical simula-
tion optimization method for site-level hydraulic fracturing
fracture characteristics in shale oil[J]. Oil Drilling & Produc-
tion Technology ,2024,46(3) :326-335.

[10JHUANG L,LIAO X,FAN M, et al. Experimental and numeri-
cal simulation technique for hydraulic fracturing of shale for-
mations| J]. Advances in Geo—Energy Research,2024,13(2):
83-88.

[11]MISKIMINS J L, BARREE R D. Modeling of Hydraulic Frac-
ture Height Containment in Laminated Sand and Shale Se-
quences [ C]//SPE Oklahoma City Oil and Gas Symposium/
Production and Operations Symposium, 2003: SPE-80935-
MS.

[12]% 5, FLHE AR e, 55 . WO A il J2 K ) 8% o )= A R

(ECAEAULT ] B it AR, 2023, 19(1) : 49-56.
LUO Yao, KONG Hui, XU Keshan, et al. Numerical simula-
tion for vertical propagation pattern of hydraulic fractures in
sand-shale interbedded reservoirs [J]. Xinjiang Oil & Gas,
2023,19(1) :49-56.

(13 ] R, 310 11 B SO 0 0 o o A R P 5 R ML 5
[D]. Ab5t: sp E AR (e at) , 2024,

LIN Jiaying. Study on rock mechanical properties and failure
laws of tight glutenite reservoir in Mahu Sag [D]. Beijing:
China University of Petroleum (Beijing) ,2024.

[14]SUO Y, WEI X H,ZHAO Y J, et al. Simulation analysis of
hydraulic fracture initiation and propagation mechanisms un-
der mixed-mode and reservoir fracturing [J]. Petroleum Sci-
ence,2026,23:220-235.

[15]ZHU W,HE X,LIY, et al. Impacts of fracture properties on
the formation and development of stimulated reservoir vol-
ume: a global sensitivity analysis [J]. Journal of Petroleum
Science and Engineering,2022,217:110852.

(16 )18, FHAT, SR, 55, 2 B M T SR4% = 2k 3R o] 4 AR
AL T OB I R AR, 2024, 20(1) : 77-87.
WANG Bo, WANG Qianren, ZHOU Hang, et al. Numerical
simulation of three—dimensional vertical fracture propagation
model under the influence of bedding [J]. Xinjiang Oil &
Gas,2024,20(1):77-87.

(17 W, 2880, 5/ N 2. BURID = 2 R TRIB S 1
SN R LT ] AR AR 241, 2020, 44(5) : 76-81.
ZHAO Huan, LI Wei, QIANG Xiaojun, et al. Fracture mor-
phology and the influence factors of multi—fracture propaga-
tion in tight sand reservoir [J]. Journal of Northeast Petro-
leum University, 2020, 44(5):76-81.

[18]LI Y,HUA W,ZHANG Z, et al. Numerical simulation of hy-
draulic fracturing process in a naturally fractured reservoir
based on a discrete fracture network model [J]. Journal of

Structural Geology,2021,147:104331.



2% 2

FHL KL R AR SN TR R R

[19]ARIAS MEDINA L, TUTUNCU A N, MISKIMINS J L, et al.
Discrete fracture network (dfn) and hydraulic fracturing
analysis based on a 3d geomechanical model for prospective
shale plays in colombia| C]//54th U.S. Rock Mechanics/Geo-
mechanics Symposium,2020: ARMA-2020-1095.

[20]LIN R, PENG S, ZHAO J, et al. Multiple hydraulic fracture
propagation simulation in deep shale gas reservoir consider-
ing thermal effects [T]. Engineering Fracture Mechanics,
2024,303:110147.

[21]ZANG Y, WANG H, ABDERRAHMANE H A, et al. Optimi-
zation design of CO, pre—pad energized fracturing for horizon-
tal wells in shale oil reservoirs : a case study of the ordos basin
[CJ//SPE Gas & 0il Technology Showcase and Conference,
2023:SPE-214142-MS.

[22] KONSTANTINOU C, PAPANASTASIOU P. A data—driven
and machine learning—assisted interpretation of hydraulic
fracturing experiments in various formations [J]. Geomechan-
ics for Energy and the Environment, 2025,43:100707.

[23]XIAO Y,ZHANG J,DING L, et al. Correlation between com-
prehensive evaluation method for fracture complexity in tight
reservoirs post—fracturing and production capacity [J]. Heli-
yon,2024,10(19) :e38491.

(24 Mfaf 4 22 ARBENI, B4R, 55, AR50 S bR e F 2 24t

Ho1 BB AT ]. PR AR A R (A ARRERRD
2025,47(5):99-111.
HE Yunbin, REN Jichuan, CHEN Ming, et al. Numerical
simulation of uniform propagation of multiple fracture promo-
tion through non—uniform perforation and temporary plugging
[J]. Journal of Southwest Petroleum University (Science &
Technology Edition),2025,47(5):99-111.

[25]LIU X, QU Z, GUO T, et al. Numerical simulation of non—
planar fracture propagation in multi—cluster fracturing with
natural fractures based on Lattice methods [J]. Engineering
Fracture Mechanics,2019,220:106625.

(26 5 REFA. T M it T A% — ML B DU AU = T B R
FELD L AL - TR %, 2025.

WU Yingsong. Research on the fracture communication law
of shale gas reservoirs based on the integration of geology and
engineering[ D ]. Jingzhou, Hubei: Yangtze University,2025.

(27 1 3C. & S5 R A ORI 70 B 2R S TR AU A
(D] BIETTR K AR R, 2023.

CAO Wen. Numerical simulation of fracture propagation in
horizontal well with rock mass of structural plane [D]. Daq-
ing, Heilongjiang : Northeast Petroleum University,2023.

(28 [k Beir. S K - B 2 55 BRIt 5 L 2EEUE R
(J]. A5 TA2 ,2024,38(5) : 121-126.

ZHANG Yibo. Numerical simulation of multi-cluster limited
flow perforation fracturing in tight oil horizontal wells[J]. Pe-

troleum Geology & Engineering,2024,38(5):121-126.

(29 JHfeE e, i o5 IR, S . 2806 T th 2k iz Wik ()], B2
FA 5 TH,2010,10(28) :6985-6987.

QU Guanzheng, QU Zhanging, YUE Yanru. The diagnosis
method of fracturing curve[J]. Science Technology and Engi-
neering,2010,10(28) : 6985-6987.

(30 X G ¥, AR, EARAE , 45, DUA UK 48 I 2t T

FE I3t 2 B ik 1] KRR T, 2022, 42(2) :
11-19.
ZHAO Jinzhou, FU Yongqiang, WANG Zhenhua, et al. Study
on diagnosis model of shale gas fracture network fracturing
operation pressure curves|[J]. Natural Gas Industry,2022,42
(2):11-19.

[3UTETR XN T, 5. AL /INR s 2488 BH vk 19
BT ). B AT, 2011,32(6) :672-674.

WANG Da, LIU Gangzhi, FENG Puyong, et al. Application of
new mini—frac friction pressure testing technique to gas wells
(7. Xinjiang Petroleum Geology, 2011, 32(6):672-674.

[32 %5 BRSO/ NI ZUAL BT FE LT ] RIR D
5% ,2013,36(4) : 73-76.

LI Ting. Optimal design of small-scale test fracturing for
CBM wells [J]. Natural Gas Exploration and Development,
2013,36(4):73-76.

(33 JHRMAE , 5K AR, iR, A58 ARSI M v BELAL 2 T S0 34
JEPR G AT Bt 5 LT ). P R T#2,2010,22(8) : 72-75.
LIANG Shunwu, ZHANG Yongcheng, GAO Haixia, et al.
Reason analysis and countermeasures of proppant screen—out
in fracturing of high resistivity red beds in Dongpu Depres-
sion[J]. West—China Exploration Engineering,2010,22(8) :
72-175.

(34 a5, Dol , RRAEAL , 4. T K Iy 2034 038 7
L] B HOR 5 T/, 2014,14(8) : 156-159.

HE Zhihui, MA Xinfang, XIONG Tingsong, et al. The new
method for forecast sand plug in hydraulic fracture well [J].
Science Technology and Engineering,2014,14(8):156-159.

(35 FBER, TEIE 5, 283k , 45 . RELRE R 4% 1 88 1 011 7 AL A KL
(ALY ] R il R o774l , 2022,46(1) :88-103.
ZHENG Chen, WANG Daobing, QIN Hao, et al. Numerical
simulation of temporary plugging agent transport in rough
fracture[ J ]. Journal of Northeast Petroleum University ,2022,
46(1):88-103.

(36 J# 4k , sk/NE M , 55 2 D RE TR 2R & SRR b
HH 8 R 3K RORPE O [T]. B3R A il K AR R, 2024, 20
(3):72-82.
GUO Jixiang, ZHANG Xiaojun, CHU Yanjie, et al. Perfor-
mance and displacement effect evaluation of multifunctional
fracturing—enhanced oil recovery materials [J]. Xinjiang Oil
& Gas,2024,20(3):72-82.

[37] ALIYEV S, AL SHAFLOOT T, ALJAWAD M S, et al. A

novel approach to modeling breakdown pressure dynamics us-

93



BRI

20264

ing machine learning[]] . Petroleum,2025,11:516-532.

[38]ZHUANG X, LIU Y,HU Y, et al. Prediction of rock fracture
pressure in hydraulic fracturing with interpretable machine
learning and mechanical specific energy theory[J]. Rock Me-
chanics Bulletin, 2025,4(2) :100173.

[39] QIAO Y, LIN C,ZHAO Y, et al. Integrating temporal deep
learning models for predicting screen—out risk levels in hy-
draulic fracturing [J]. Geoenergy Science and Engineering,
2025,244:213442.

(40 JARSChE R 8o R T, 45, 26 T 2 QRIS UK BILSTM

S0 O6 AR g T (7). Ok BHRE 2 4% , 2024, 45 (10) -
284-297.

LIN Wenting, LI Peiqiang, JING Zhiyu, et al. Short—term
photovoltaic output prediction based on multi—level feature
extraction using BILSTM [J]. Acta Energiae Solaris Sinica,
2024,45(10) :284-297.

(41 ]24= 58 X k4N . i T 08 5 RS A 9 7 K G i A
LI KRR AR (8 30), 2025, 56(9) : 60-75.

LI Qiang, ZHAO Tongtiegang. Statistical survey on flood di-
sasters based on large language model [J]. Water Resources
and Hydropower Engineering,2025,56(9) : 60-75.

[42INOLTE K G. Determination of fracture parameters from frac-
turing pressure decline [C]//SPE Annual Technical Confer-
ence and Exhibition. SPE, 1979 :SPE-8341-MS.

[43] CASTILLO J L. Modified fracture pressure decline analysis
including pressure—dependent leakoff[ C ]/SPE Rocky Moun-
tain Petroleum Technology Conference/Low—Permeability
Reservoirs Symposium. SPE, 1987 : SPE-16417-MS.

(44 JAME IR B, A2 RGEE , 46 B TS 3 g i 2 43 B 1

)G REES R[] KRR THERFL,2019,30(11) :
1646-1654.
ZHOU Tong, SU Jianzheng, LI Fengxia, et al. An approach to
estimate hydraulic fracture parameters with the pressure fall-
off data of main treatment[J ]. Natural Gas Geoscience,2019,
30(11):1646-1654.

[45]XIONG D,ZHANG 1., XIAO C,et al. A novel post—fracturing
evaluation method for fractured—vuggy carbonate reservoir by
using pumping—stop pressure drop [J]. Geoenergy Science
and Engineering,2025,254:214037.

(46 [R5 53 . T3 AL R RE 5 0L Bt 1 248 2 B0 5 I T
JHEWFFELD | ALAT A E Al R (AEaT) , 2023.

TU Zhiyong. Study on the combined inversion method of frac-
ture parameters based on pressure drop and fiber optic data
[D]. Beijing: China University of Petroleum (Beijing) ,2023.

[47 111U X, JIN Y, LIN B. Classification and evaluation for stimu-
lated reservoir volume (SRV) estimation models using micro-
seismic events based on three typical grid structures [J].
Journal of Petroleum Science and Engineering, 2022, 211

110169.

94

(48 J B FIEE. DU il 22 5% I 25 40 X HE 2GR HERY 52 R (D . b
RS (80, 2016.

HUANG Heyu. The effect of fracture network structure of
shale gas reservoir on frac—water flow—back [D]. Beijing:
China University of Petroleum (Beijing),2016.

[49] ABBASI M A, DEHGHANPOUR H, HAWKES R V. Flow-
back Analysis for Fracture Characterization [C]//SPE Canada
Unconventional Resources Conference. SPE, 2012: SPE-
162661-MS.

(50 I ksl . 24 380 0% il 5% U JE 350 5 53R HEARIE DR 92 (D ).
FETTR IR AR A AR 27, 2022.

LIU Zhigang. Study on fracture shape and flowback charac-
teristics of Mahu tight reservoir [D]. Daqing, Heilongjiang:
Northeast Petroleum University,2022.

[S51]LEE ST, BROCKENBROUGH J R. A new approximate ana-
Iytic solution for finite—conductivity vertical fractures [J].
SPE Formation Evaluation, 1986,1(1):75-88.

[52]LARSEN L, HEGRE T M. Pressure transient analysis of mul-
tifractured horizontal wells [ C ]//SPE Annual Technical Con-
ference and Exhibition. SPE, 1994 : SPE-28389-MS.

[531BROWN M, OZKAN E,RAGHAVAN R, et al. Practical solu-
tions for pressure—transient responses of fractured horizontal
wells in unconventional shale reservoirs [J]. SPE Reservoir
Evaluation & Engineering,2011, 14(6) :663-676.

[54]ARPS J J. Analysis of decline curves [J]. Transactions of the
AIME, 1945,160(1) : 228-247.

[55]1LK D, RUSHING J A, PEREGO A D, et al. Exponential vs.
hyperbolic decline in tight gas sands: understanding the ori-
gin and implications for reserve estimates using Arps’ de-
cline curves| C J//SPE Annual Technical Conference and Ex-
hibition, 2008 : SPE-116731-MS.

[56 TANG H,ZHANG B, LIU S, et al. A novel decline curve re-
gression procedure for analyzing shale gas production [J].
Journal of Natural Gas Science and Engineering, 2021, 88:
103818.

[57] VALKO P P. Assigning value to stimulation in the Barnett
Shale: a simultaneous analysis of 7 000 plus production histo-
ries and well completion records| C ]//SPE Hydraulic Fractur-
ing Technology Conference and Exhibition. SPE, 2009 : SPE-
119369-MS.

[58 ]MASK G M, WU X, NICHOLSON C. Enhanced hydrocarbon
production forecasting combining machine learning, transfer
learning, and decline curve analysis[,]]. Gas Science and En-
gineering,2025,134:205522.

[59]DUONG A N. Rate—decline analysis for fracture—dominated
shale reservoirs [J]. SPE Reservoir Evaluation & Engineer-
ing,2011,14(3):377-387.

[60]CLARK A J,LAKE L. W,PATZEK T W. Production forecast-
ing with logistic growth models [ C]//SPE Annual Technical



2% 2

FHL KL R AR SN TR R R

Conference and Exhibition?. SPE,2011:SPE-144790-MS.

(61 ] I8 AL v =, BN, A5 Il U7 el 2 Ao 75 7
[J]. RIRHERFL,2020,31(3) :335-339.

WANG Nutao, DU Lingyun, HE Haibo, et al. New method for
analysis of oil and gas well production decline [J]. Natural
Gas Geoscience,2020,31(3):335-339.

[62]YU S, MIOCEVIC D J. An improved method to obtain reli-
able production and EUR prediction for wells with short pro-
duction history in tight/shale reservoirs [ C]//Unconventional
Resources Technology Conference ,2013:1563140.

[63]1GIGER F M. Horizontal wells production techniques in het-
€TOZENEoUS TeSEervoirs [C]//SPE Middle East Oil and Gas
Show and Conference. SPE, 1985 :SPE-13710-MS.

[64DAVIAU F, MOURONVAL G, BOURDAROT G, et al. Pres-
sure analysis for horizontal wells[J]. SPE Formation Evalua-
tion, 1988,3(4) : 716-724.

[65]ZERZAR A,BETTAM Y. Interpretation of multiple hydrauli-
cally fractured horizontal wells in closed systems [C/ISPE
International Improved Oil Recovery Conference in Asia Pa-
cific. SPE,2003 : SPE-84888-MS.

[66] STALGOROVA E, MATTAR L. Practical Analytical Model
to Simulate Production of Horizontal Wells with Branch Frac-
tures [ C]//SPE Canada Unconventional Resources Confer-
ence,2012:SPE-162515-MS.

[67]YANG J,LIU H, XU W, et al. A simulation study of hydrau-
lic fracturing design in carbonate reservoirs : a middle east oil-
field case study [J]. Journal of Petroleum Exploration and
Production Technology,2023,13:1107-1122.

[68 ]DENG J, TAN J, WOLFRAM E, et al. Unconventional near—
critical fluid characterization and GOR modeling: wolfcamp
formation in Permian Basin[ C ]//SPE Annual Technical Con-
ference and Exhibition, 2023 :SPE-215154-MS.

[69]LIANG B, LIU J,YOU J, et al. Hydrocarbon production dy-
namics forecasting using machine learning: a state—of-the—
art review| J |. Fuel,2023,337:127067.

[70] MEHANA M, GUILTINAN E, VESSELINOV V, et al.
Machine—learning predictions of the shale wells” performance
[J]. Journal of Natural Gas Science and Engineering, 2021,
88:103819.

[71]WANG M, HUI G, PANG Y, et al. Optimization of machine
learning approaches for shale gas production forecast [J].

Geoenergy Science and Engineering,2023,226:211719.

[721X04 2= FLER o, 55, JEF 2270 0 i a) e ) A 28 1) 1

S Chies St bR SR NG A ESRERTiibNe 22 [ QSR e
Ji),2023,47(5):103-114.
LIU He, LI Yanchun, DU Qinglong, et al. Prediction of pro-
duction during high water—cut period based on multivariate
time series model [J]. Journal of China University of Petro-
leum (Edition of Natural Science ) ,2023,47(5):103-114.

(T3P RZE, 565, B, 55 BN B ARt e ny i 25

—REATTET ] M2 4, 2024(82) : 297-301.
LUO Fujun, DANG Yu, WANG Xiaodi, et al. Research on
normalization algorithm of mean square error considering the
stability of confidence probability [J]. Bulletin of Surveying
and Mapping,2024(S2) :297-301.

(74185 B e, A B, 45 R 008 A o 22 0 2% 1) il FH

T & KA O 5 A L) ] A AR 5 &, 2020, 47
(5):1009-1015.
WANG Hongliang, MU Longxin, SHI Fugeng, et al. Produc-
tion prediction at ultra—high water cut stage via Recurrent
Neural Network [J]. Petroleum Exploration and Develop-
ment,2020,47(5) : 1009-1015.

[75]1L1 X, MA X, XIAO F,et al. Time—series production forecast-
ing method based on the integration of Bidirectional Gated
Recurrent Unit (Bi-GRU) network and Sparrow Search Al-
gorithm (SSA) [J]. Journal of Petroleum Science and Engi-
neering,2022,208:109309.

[76 15K 25550 B T8 2% 20 1 ol B 7 i 0 s ik 01 5
(D] BRPYPY2E P42 AT IR, 2025.

ZHANG Xueying. Research on oilfield single well production
prediction method based on deep learning [D]. Xi'an,
Shaanxi: Xi'an Shiyou University,2025.

(77 )50 T B8 5KkAT , hat, 55 BT AS ZRHSREMRIZ 0
SO ] RIAA T, 2024,44(10) : 140-149.
GUO Zixi, ZHANG Shu, MA Biao, et al. Production predic-
tion of deep coal-rock gas based on integrated multi-modal
characteristics [ J]. Natural Gas Industry, 2024, 44 (10) .
140-149.

[781LI L.,ZHOU F,ZHOU Y, et al. The prediction and optimiza-
tion of hydraulic fracturing by integrating the numerical simu-
lation and the machine learning methods [J]. Energy Re-
ports,2022,8:15338-15349.

(& =45 8 41:2026—05-20 . 7KEL)

95



