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Abstract The uncertainty of geological composition, the invisibility of the under-well real-time working conditions, and the
complexity of the engineering simulation in the oil and gas field drilling and production process have hindered its scientific and
efficient design and construction. The digital twin technology can bring up real-time, intelligent, and visualized project design
and decision-making but has yet to lack a systematic method for modeling oil and gas field drilling and production. In this regard,
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the article first explored the current levels of investigation and implementation both domestically and abroad, based on that the
level of development by applying the maturity index was quantified. It then proposed the digital twin modeling approach for drill-
ing and production in the oil and gas field, which encompassed the modeling workflow, model division strategies, architecture for
model assembly and integration, and modeling tools for constructing the digital twin. Also, two case were studied for drilling and
production, using wellbore stability while drilling and offshore gas well production system as two examples, respectively. Finally,
the difficulties and challenges related to the digital twin deployment in the field were analyzed, based on which the suggestions
for its future development are proposed. It is found that the digital twin for drilling and production has stayed at the visualization
level and at a relatively low degree of maturity compared to the manufacturing field on digital twin. The complex demand for oil
and gas drilling and production systems can be divided into several clear and easy realized sub-demands. Based on requirement
analysis, the modeled object can be separated to be various sub-models based on the granularity, dimension, and lifecycle. The
sub-models are then assembled layer by layer across the model, function, and demand layers so that the multi-dimension and
multi-field models can be integrated. Meanwhile, an improvement of their methods and an increase in efficiency for the model
administration, data management, and engineering simulation ae desired. Moreover, the digital twin faces the problems such
as difficulty in selection and fusion of multi-source heterogeneous data, vagueness in the sub-model definition, and ambiguity
in the model validation, as well as the challenges such as the complicated kinetics processes, multi-division and multi-task
collaboration, and development of domestic software tools. In summary, the digital twin modeling approach and the case studies

in this article can provide a methodological guidance and practical reference for oil and gas drilling and production practices.
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Fig. 1 A case of 3D visualization of downhole while drilling""
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Fig. 2 Optimize wellhead components in a digital twin'™
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Fig.3 Evaluation results of digital twin maturity of oil and gas drilling and production
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Fig. 4 Modeling process of digital twin model for oil and gas drilling
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Fig. 6 Oil and gas drilling and production digital twin assembly and fusion architecture
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Fig. 8 Construction process and application cases of drilling borehole stability digital twin model

5 AR R A Y () I 3 A0 A T i 1 A
ARZE A5 v by ARl BB BT 7 22 A SR Y, UL
I BERR B CAD, i SRV - BERSE 122 it
By EELe - B E L ] Python 5 TensorFlow, #R ¥
T KM AL BR o BT 2R A TR, o I A A
ralG, WK 8 HIRA. LIEF IR nT AL ThRe A i,
o T A LB AR | b B TR A = Ak AT A A
RURSZIAHR )P RE . (ERIRLGGUETT I, J8 5 s 5

U]l 3 DA R T L DR AR 28 Ay 25 S 8O0 A8l R 11 2 e
ARCERAY By AR 2R A AR I TR oK o
TEBIRVAE BT, SR MySQL B FEA7 it B> 15
PICHE R, BB R MR R . iR EE R
KEESEL, BERIA . BRSO R AR 5l B E Ak
P e S 2R R R ) B I kA
TERLTY N AT, W JavaScript Zm e T.H., #R4E
M TARFRIFR TR 2R A 6



290 FIMBLEER 2024 4F4 H 9B 2 )

(R MR SRR SRR s AL o

WHSETR ) T R, ek L R TRERE)

SR U R R AT LR IR SR B ST R R R A A R, DI
B b, ARG TR AR AU R, BT R e XIRE, e
R T PR BRI S I P RS A O, AERUETE L .

D BROMEIEEX |

E2A
CT ES
FE 2 N N
BRE | weER ) ( AHAF ) ( ERE ) ( et )
T T T
(zzmz ) (_nee2 ) | (ZroEie ) (wree ) | (coomonk ) (oeasak ), (_hseeE ) ( smEs )
pmigR | Copze ) ((wsze ) | (ZrFrze ) ( wsee ) | (TZeewae ) ((Ss@ETak ) | (wrEm ) [ sseReE
( HibThae J Hizhae 1 HAtbThae ) ! ( Hibohhe ]
(e R R O R 7 I O R PN = R e I R T T
((wangan ) (eammsm : (CErmugn ) (gewwem ) ! (rzaesw ) ((sesspe ) | ((seeesw ] ((sesssn )
iz | (Casmven ) (downsms : ((mwemwen ] ( Datwen ) i (zaouwsn ) ((gEouwsn ) :[ wtEan | ankesn
((meemen ) zesn ] ((mewwesn ) sesn ) 0 ((onwessn | sesn ) ! (Cewmpemr ] ( aesm )
| | )
5, - S T b~
REFF KIS, BEIRS nE
| o#mmg | | omzERRms |

162 Sk o o o

e 0 5
i S SR BT 2

REER. fE

¥

A BSERHFTLEDERTE axes@
b 202001 220815 20220901 . 20T 22200 22113 e e
— = - _

ol o - 7 HEEN
4 o e " LA oo
M \ H -
kAss— - '_-""———\__ | i
b EREl AZS e e EF3G ez g s b —— -

5 = et [ - | e -

FHIEEHBAE HO~EWIF
s o e
TEEIIEIE ERIETE
| omaEsm |
BLASEFTRAES © SPRETATE v @ . . .. g
0 il

BIEERME

[iha 4

B9 #BESHAFREHFEERBNZRERN ARG

Fig. 9 Construction process and application cases of digital twin model of offshore gas field production system



TR R 2 A AR 7 1 R 22491

291

T\, TERCRAHIE, R RE
PSR M EIA DL R s
(9 LBRD) . P ax BTG K P5 73 I8 S 2 X LB K
PIECTF AR A AT BA BT RE, ISR AL . A
. oA dE . HeE, RPRXLeThig e EUTEE
AR, WNJF R Z A AR A AR A | L
ORI

TERIRVEE S, Jr i, (2 AR T, e i ot
BEA | JUAu[ RS | {5 BB TR FUECHE AR R (%) Ity 34 A
SEARRE B AR o b A AR i ] Petrel, LA
P 7 R F CAD ., 3ds Max fll Three.js, 1 & 7Y {ifi F
Eclipse. Comsol fIMATLAB, % #% %4 )i F Python
PyTorch, TERALBEHCHIGG o1, MAE E—PE L

BorZp A ite, BT A TR, LI 9 P
BO. pn, X @R B hae, R

WEIAREAY | B FRPE A BB R 25 SR AR Y 5
A FRAIE G RS, FEARZE BT, FRIRIAY 2 A
FGl-G 32 2R P AR M APT S I0AN RIS 2 22 6] A% 54k 22
., TERRIZHAC IR G fe b, FRORAT DLgt E 2 R
FHo PEBIAYIOUE R 5 1, ) A B s 15 2 Y
FEJ1. WREE . P A AR PR IR IR AR R
PIRAXT R 22 /N T 10% 16, ARy T RL A i B 4
KB T TR . i MySQL 58 FEAEfitt B> 15i 7Y
FOCHE R, BIBIARIA B EE . S E. R
A | BRSO Y R AR A 5 AR P S B
AR “HE A

fc e, AERCRLN I J5 T, W HH JavaScript 4 £ T
B, WY TR R L IS RGBT 2R
A B R, AL RN TT AR PR R S B
B VR IEI AT R B IAE R A R
e W B, R e ) PR B
P DL RSB R 1 Ik s, 2R b, AR
M50 DI BT SR 9 #R B Je O 1 i B - 2R A B A A
AR SR

4 MR B AR AR ] S Pk

AL M A AR, IR R 2537 5 1A
TFARAE LR 55 R GER R TR
RGPRAFB AR AR T SR, U E <l
MR BB LI, HATH B 2 b 77 (e
W1 220 Il ATk B A BOR 1 Ak T ER R B B
Hoag ORI A SRR D P70 IRl 254
T R AT 2 2 A A T R 3 S R A ) A

Itk 3 AR HEAL

B A IR T U R 2 U S b Rl ) ik 5
R B oR o A B 2 IR A AR R 7 A R AN [
RAMEE RS, B RS2, RERA
—, REFCRARARK. HX T, HEIFRICKT
Bl . ML mmab B TR, HOR, SRR
HEAK 728 A AR I 9 R 58 A DR A M, 75 2T
JEAFHE TARRY 00T . Folm, Btibn i Al B 2 T AR
B, AR RES S0 BRI . 5
AN TSR E SCIR L, Tl R AR A R AR
IR AR BOR | BT EIEEOR | BT AR R R EOR AN
MMSEHEAR, M5 2 SRR BEFRIR S ]
Pk, &5 ZUmlL s TR, e RRTIResA,
A RE SR I e A 28 e R T TR (UL 4) . A x
PR TR, H AT G R B e E SOk SR
fis AN, JEOIE P EIRRRE SR, RARARR
G (IR0 S Bl R B A ) T A G sl -5 0 A TR £
B, BRI AR B, AR R TR Y
TE NG, SRR > NME . 5 = AN R AR Tl
KRBT AR IAE . 5 H L SR SO AR,
SRR R TS S G 2 T R, JF
TS T SBOCEL R A E g, “BAW.
BAE” FHERE, PrARBARE R A T4 MIET
CRIENE RS S A i 6 e e S KU/ (T B Py & S
af R 4R R ARB, (F SR ) il B2 A AT A A
AEIE A7 BRI 4 A R ok S, B SR Uk
DA S M Jr =0 o By F AT R KB A
RAT AR AR i TG B AR

A1, 3 Ul R AT 2R A B R T 3 3
FAERIPRE . B0, BARTT R B9 A P Bt e 7 24K
MREMRGE, HH A= HUAE AR A4 20 I 5
M s BIEADT R sl B (AN . KR
WS fsed fe, WAZRJE, YRS,
T3 L) P73 AT I FAE LA 2o 5 e v o 2
TGRS e e Ry 2Rt . R, 29001 24T
55 W [R) J2 5005 28 A v AR T T R B ) T 4
R ARk 5 SRl 55 OB A . S5t -5 A8 H Y
TR AL, 5l 55 AT T Z M52 2 H AR
ZAL S RIS — B B R R, T AL TR
PR AR b SE OB AR L . R, B AR
B F Z— BRI B TR =2 a9 AL e P
3, TR R S A BE 1 F A S . AT ATE (L
K 7), ARAGJER)Z BBl R A AR A AR A AR TR =
T AT R 29 AT A R 2B W TR, —2e3¢



292

fmRREER 2024 4E4 A 9B 2 W

SR AR IS (AR Rl = TR 28R R B R AR ) A
A Sl i i fs (AN AT ALE T ROERAT A% . T2l |
BREHAT) IR 2 i [ SN IR S5 2wl e ftt . A [ BR3R
SBEHBEE AR, i S E AR, IS A
T B BRI TT A5 S i AR 1
IR BRI T2 A BT — R PR

5 gEHHENY

AR SR XM AT M 3 B PR T AR 55 i
BR——HHRIT R, PRI M T T 2R A B
PR FEBCAERE b, fE ) TR BT AR A AT Ik,
TR, JINTTIROY . GBS RSN . T
Trik, ARSCEPRBG I FIIFRAS R — 2B,
LEEIIZI LN . AR ERAHEIT .

(1) F AT AR R 2R A B BT R TR B
Bro [ AR G B 28 AR SR 401 22 B B A T AL O B B
AL BT S SR AR s [ PR A ml AL
1E ] AR B B B O i T o0 s s hae . B A
H o, AHBCHEE Y, b URR U B BT AR A AT AL TR
TERAASE 7K o

()M BRI e 22 2B Ae L H B A AL ) 2
IRAGTRE, SR OCHAE TRUMAT B, HrE TR
DIfe. 7oK 3 MRGITESR . RECSRE M, &
LA R G R TR SR ELRERTSE B A7 P
Y1) 3k 9 B 22 DR (Y SR FE R 22 M T B AR A T
A TR, T TR E A OC R BT R A

RPN

(2 WA SR sTF 4 6 e ol S W TR ey 7 S I 1 A I
AT AR T AR A AR AU AT AT S 5
Tk

() Tl AR SR B AR AR, A A R Hl
B TRIE SCHZRHERTRAIE 3 NS IR AN,
IRl R 2 RUBE Z2 W) BRI e L 2201 Z2 3R] Z24E 55 D3 ]
VRIXE AR R St A AR RE R TR A AR R BE AR A 3 4
ik

PR, sl BSORCH A BRI s B R TR A Kd i
B S B AR RO B TR R R, A
BRG] CINBHE 5 B ) 72k 2 ARl & 5
55T CINBE R TS B . B/ A ARk L), A
LUt B R AP AR A RF BB, il 0 H 4R
FIFEHE BT AT LIRS $ORTTEM
R, LR HEL BB RN | A R A B
T wn, R E R BB AE L m IR Al B 2R
HE B AR A B, 3T 3 SO B 2R A 4l 55 B
PR, REEIRE R IR R A . e

AL
Brigt

AXHRIEGFINEBREANFEELTE
(42277122) t . R TAELAF 2| o ¥ ik VR K &
B AERAGNAEFTIRT, FETH(PE)AERA
AEEAAT MR EFTIRMNES, Alh—F%
TR

(1 B, XUk, Xiase, &5 B aed OHOM THRE (0], HADUE S 240, 2018, 24(1): 1-18. [TAOF, LIU W R, LIU J H, et al.
Digital twin and its potential application exploration[J]. Computer Integrated Manufacturing Systems, 2018, 24(1): 1—-18.]
[2] TAO F, CHENG JF, QI QL, et al. Digital twin-driven product design, manufacturing and service with big data[J]. International Journal

of Manufacturing Technology, 2018, 94: 3563—-3576.

[3] TAO F, ZHANG H, LIU A, et al. Digital twin in industry: State-of-the-art[J]. IEEE Transactions on Industrial Informatics, 2019, 15(4):

2405—-2415.

[4] FULLER A, FAN Z, DAY C, et al. Digital twin: Enabling technologies, challenges and open research[J]. IEEE Access, 2020, 8:

108952—108971.

[5] LIU MN, FANG SL, DONG HY, et al. Review of digital twin about concepts, technologies, and industrial applications[J]. Journal of

Manufacturing Systems, 2021, 58: 346—361.

[6] VANDERHORN E, MAHADEVAN 8. Digital twin: Generalization, characterization and implementation[J]. Decision Support Systems,

2021, 145: 113524.

[7] YE ZJ, YE Y, ZHANG CP, et al. A digital twin approach for tunnel construction safety early warning and management[J]. Computers in

Industry, 2023, 144: 103783.

[8] GAOYY, LI H, XIONG G, et al. A IoT-informed digital twin communication for bridge maintenance[J]. Automation in Construction,

2023, 150: 104835.



TR R 2 A AR 7 1 R 22491 293

[9]

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

(21]

[22]

(23]

[24]

[25]

[26]

(27]

(28]

[29]
[30]

[31]

PETRI I, REZGUI'Y, GHOROGHI A, et al. Digital twins for performance management in the built environment[J]. Journal of Industrial
Information Integration, 2023, 33: 100445.

LAI X, WANG S, GUO Z, et al. Designing a shape—performance integrated digital twin based on multiple models and dynamic data: A
boom crane example[J]. Journal of Mechanical Design, 2021, 143(7): 071703.

LAI X, HE X, WANG S, et al. Building a lightweight digital twin of a crane boom for structural safety monitoring based on a multifi—
delity surrogate model[J]. Journal of Mechanical Design, 2022, 144(6): 064502.

PR . #7224 M), db5T: B F Tolk 3 kL, 2020.3: 220. [CHEN G. Digital twin[M]. Beijing: Publishing House of Electronics
Industry, 2020.3: 220.]

LAI X, YANG L, HE X, et al. Digital twin-based structural health monitoring by combining measurement and computational data: An
aircraft wing example[J]. Journal of Manufacturing Systems, 2023, 69: 76—90.

KA K, Wk TP, EEE, L BT ARA FE I I M T A 5 b R R (3], A M T TR, 2022, 41(03): 1-7.
[ZHANG D F, YAO W T, DONG Z C, et al. Application and exploration of “Digital Twins” in oil and gas stations of oilfield surface
system[J]. Oil-Gas Field Surface Engineering, 2022, 41(03): 1-7.]

F&VL, TEHE, sk, . TR A R S e & WU REHL IR R 40 [J]. KARA Tall, 2021, 41(07): 115-123. [WANG
J J, WANG S H, ZHANG L B, et al. Digital twin based intelligent risk decision-making system of compressor station equipment[J].
Natural Gas Industry, 2021, 41(07): 115—-123.]

EAVL, TRE, sk, % HFRF22 A R S i A 3t S5 IR & (). iU6EIZ , 2022, 41(04): 391-396. [WANG 11, YU
H T, ZHANG F L, et al. Design and development of intelligent oil and gas stations based on digital twin[J]. Oil & Gas Storage and
Transportation, 2022, 41(04): 391-396.]

SCHAFER N C, BURGGRAF P, ADLON T. Application of a digital twin for proactive production planning[C]//SNAME Maritime
Convention.

MIN Q, LU Y, LIU Z, et al. Machine learning based digital twin framework for production optimization in petrochemical industry[J].
International Journal of Information Management, 2019, 49: 502—519.

B, SRR, JRODORK, 45 7 2R A IR (0], THEHLAE R R L, 2022, 28(5): 1267-1281. [TAO F, ZHANG C Y, QI QL,
et al. Digital twin maturity model[J]. Computer Integrated Manufacturing Systems, 2022, 28(5): 1267—1281.]

ZHANG H, QI Q, TAO F. A multi-scale modeling method for digital twin shop-floor[J]. Journal of Manufacturing Systems, 2022, 62:
417-428.

KATSIKAS, SERAFEIM, MANDITSIOS, et al. Challenges to taking advantage of high frequency data analytics to address environ—
mental challenges in maritime sector[C]//SNAME 8th International Symposium on Ship Operations, Management and Economics.
Athens Greece, 2023.

FERRARA, PAOLO, RICCI M, et al. Virtual reality: New concepts for virtual drilling environment and well digital twin[C]// Interna—
tional Petroleum Technology Conference, Dhahran, 2020.

BURRAFATO, S., MALIAARDI, et al. Virtual reality in D & C: New approaches towards well digital twins[C]//the Offshore Mediter—
ranean Conference and Exhibition, Ravenna, Italy, 2019.

WZE, LA, AW, % Brras A gk ah 1w U F G B Re R R R [J]. i TR, 2019, 48(05): 49-52+55. [JIANG A G,
WANG J J, GU M, et al. Application of the positive pressure fire shelter in offshore platform construction[J]. Ship & Ocean Engineering,
2019, 48(05): 49—52+55.]

PIVANO, LUCA, NGUYEN, et al. Digital Twin for drilling operations — Towards cloud-based operational planning[C]//Offshore
Technology Conference, Houston, Texas, 2019.

P, BEW, WESAE, AF . BUF AR R A AR AL A e T 0], R SR AR T S 4, 2021, (03): 27-28. [LU S Y,
FAN S, HUANG J L, et al. Application of digital twins to the statistical analysis of well team engineering timescales[J]. Computer
Programming Skills & Maintenance, 2021, (03): 27-28.]

SAINI, GURTEJ, ASHOK, et al. Accelerating well construction using a digital twin demonstrated on unconventional well data in North
America[C]//SPE/AAPG/SEG Unconventional Resources Technology Conference, Houston, Texas, USA, 2018.

ZHANG, JIAWEI, HUANG, et al. Application of digital twin for real-time early identification and warning of pipe stuck using hybrid
approach of physics model and machine learning[C]//ADIPEC, Abu Dhabi, UAE, 2023.

AITALI R, AREVALO, et al. Hybrid data driven intelligent algorithm for stuck pipe prevention[C]//ADIPEC, Abu Dhabi, UAE, 2023.
THORESEN, KARL E, KYLLINGSTAD, et al. Using an advanced digital twin to improve downhole pressure control[C]//SPE/IADC
International Drilling Conference and Exhibition, The Hague, The Netherlands, 2019.

AREVALO, PEDRO, BECKER, et al. Transient modeling of tripping operations enables closed-loop limit control of tripping processes
to reduce ILT while maintaining wellbore safety[C]//SPE/IADC International Drilling Conference and Exhibition, Stavanger, Norway,
2023.



294

fmRREER 2024 4E4 A 9B 2 W

[32]

[33]

[34]

[35]

[36]

[37]

[38]

(39]

[40]

[41]

[42]

(43]

[44]

[45]

[46]

[47]

(48]

[49]
[50]

[51]

[52]

[53]

[54]

[55]

KARPOV, R., KOJADINOVIC, et al. Live digital twin improving drilling performance and providing foundation for the realtime data
quality control[C]//ADIPEC, Abu Dhabi, UAE, 2023.

KARPOV, ROMAN B, ZUBKOV, et al. Drilling performance and data quality control with live digital twin[C]//SPE Russian Petroleum
Technology Conference, Virtual, 2021.

DANNENHAUER, CRISTIANO E, BASTOS B, et al. Real-time physical models with learning feedback as a digital twin architec—
ture[C]//Offshore Technology Conference, Houston, Texas, USA, 2020.

ROMMETVEIT, ROLV, BJORKEVOLL, et al. Drilling: A system for real-time drilling simulation, 3D visualization, and control[C]//
Digital Energy Conference and Exhibition, Houston, Texas, U. S. A., 2007.

NADHAN, DEREK, MAYANI, et al. Drilling with digital twins[C]//IADC/SPE Asia Pacific Drilling Technology Conference and
Exhibition, Bangkok, Thailand, 2018.

GHOLAMI M, MARYAM, ROMMETVEIT, et al. Drilling automated realtime monitoring using digital twin[C]//Abu Dhabi Interna—
tional Petroleum Exhibition & Conference, Abu Dhabi, UAE, 2018.

ROMMETVEIT, ROLV, GHOLAMI M, et al. Automatic realtime monitoring of drilling using digital twin technologies enhance safety
and reduce costs[C]//Abu Dhabi International Petroleum Exhibition & Conference, Abu Dhabi, UAE, 2019.

MAYANI, MARYAM G, BAYBOLOV, et al. Optimizing drilling wells and increasing the operation efficiency using digital twin
technology[C]//IADC/SPE International Drilling Conference and Exhibition, Galveston, Texas, USA, 2020.

ROMMETVEIT, ROLV, NABAVI, et al. Dynamic RT modelling and 3D visualization of critical safety parameters on drillfloor during
drilling, running liners & screens and cementing of challenging offshore wells|C]//IADC/SPE International Drilling Conference and
Exhibition, Galveston, Texas, USA, 2020.

SHI, JIBIN, DOURTHE, et al. Real-time reamer vibration predicting, monitoring, and decision-making using hybrid modeling and a
process digital twin[C]//IADC/SPE International Drilling Conference and Exhibition, Galveston, Texas, USA, 2022.

BIMASTIANTO, PAULINUS, KHAMBETE, et al. Digital twin implementation on current development drilling, benefits and way
forward[C]//Abu Dhabi International Petroleum Exhibition & Conference, Abu Dhabi, UAE, 2020.

HALLIBURTON. Decision space 365 well construction[EB/OL]. [2023—10—30]. https: //www. halliburton. com/en/software/decision—
space—365—enterprise/decisionspace—365—well-construction.

GANDIKOTA R A, CHENNOUF], et al. Drilling digital twin predicts drilling dysfunctions and performance in real time[C]//ADIPEC,
Abu Dhabi, UAE, 2023.

Wl ds . B 2s L HORAERG AR B 0 FHARER [J]. A I RBOAR | 2022, 50(3): 10—16. [YANG C S. Exploration for the application
of digital twin technology in drilling engineering[J]. Petroleum Drilling Techniques, 2022, 50(3): 10—16.]

TRAFAR, A, EERR, & BT AR E RGO SR SEER 0], ATMEHRER , 2023, 51(3): 58—65. [ZHANG H L, YANG C
S, LI C S, et al. Design and research practice of a drilling digital twin system[J]. Petroleum Drilling Techniques, 2023, 51(3): 58—65.]
F, BT, emig, . TR AR B RR AR IR ST 5 4 ], 4 b S IR, 2023, 51(09): 129-137. [JIANG J, HUO
Y X, ZHANG H X, et al. Architecture of intelligent service platform for drilling based on digital twin[J]. Coal Geology & Exploration,
2023, 51(9): 129-137.]

FAN, YU, GUO, et al. Digital drilling in holographic world[C]//Abu Dhabi International Petroleum Exhibition & Conference, Abu
Dhabi, UAE, 2021.

WANG, XUE Q, ZHU, et al. Enhancing oil field management: The digital wellsite advantages[C]//ADIPEC, Abu Dhabi, UAE, 2023.
FoaGE . BRI K R G AT AT B BT S IF9E [D]. BRIV ZRAbAiK2E, 2023, [YU Y Z. Design and research of a
digital twin oilfield water injection system visualisation platform[D]. Heilongjiang: Northeast Petroleum University, 2023.]

RAEE, RAER, ERPE, 5 TR0 A 000 I A= = 1s AT AR [C1/ PO A R, v Aol 2z, dbat iR
HBRN F) 2023 [ B A7 3047 e AR 221808 S, 2023: 297-305. [CHI H C, WU T H, WANG H P, et al. Digital Twin-based virtual
training for oilfield surface production operations[C]//Xi’an University of Petroleum, Shaanxi Petroleum Society, Beijing Zhenwei
Exhibition Co. 2023 Proceedings of the International Petroleum and Petrochemical Technology Conference, 2023: 297—-305.]

XSk, PN, £ —, % . 2T Unity3D B9 3 H MM AL = 2 nf 904k Wi 3 R 4011 [J/OL). R G5 B4, 2023-10-07: 1-13.
[LIU L Q, SUN W L, WANG Y, et al. Design of 3D visualization monitoring system for oil field pumping unit based on unity3D[J/OL].
Journal of System Simulation, 2023—10—07: 1—-13.]

WEI L, PU D, HUANG M, et al. Applications of digital twins to offshore oil/gas exploitation: From visualization to evaluation[J].
IFAC-PapersOnLine, 2020, 53(5): 738—743.

P %, TRIRUE, RO, S5 . Bl ap A AT 0], T HLAR I v 2R 48, 2022, 28(05): 1267—1281. [TAO F, ZHANG C Y, QI Q
L, et al. Digital twin maturity model[J]. Computer Integrated Manufacturing Systems, 2022, 28(05): 1267—128.]

ANDA I, MISHRA R, IRAM 8, et al. A machine learning model for the development of a digital twin for a control valve for oil and gas
pipelines[C]//2022 International Conference on Maintenance and Intelligent Asset Management (ICMIAM). IEEE, 2022: 1-6.



TR R 2 A AR 7 1 R 22491 295

[56]

[57]

(58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

(71]

[72]

(73]

[74]

[75]

[76]

[77]

(78]

[79]

(80]

BHOWMIK S. Digital twin of subsea pipelines: Conceptual design integrating IoT, machine learning and data analytics[C]//Offshore
Technology Conference. OTC, 2019: DO11S010R004.

WEI W, QU H, CHENG J, et al. Digital twin and contact analysis of ultra-long distance coiled tubing operation structures[J]. Digital
Twin, 2023, 3: 1.

Tk, R, BOCH, A SRR R BT AR A TR AR [7]. B oR S TR, 2023, 23(23): 9918-9926. [WANG WY, LI
Z, WEI W L, et al. Digital twin of coiled tubing operation and its running performance[J]. Science Technology and Engineering, 2023,
23(23): 9918-9926.]

FENG Q, ZHANG Y, SUN B, et al. Multi-level predictive maintenance of smart manufacturing systems driven by digital twin: A
matheuristics approach[J]. Journal of Manufacturing Systems, 2023, 68: 443—454.

VRABIE I, SPESIVTSEV P, KAIPOV Y, et al. Digital twin for downhole pressure gauges: model and field case study[C]//SPE Russian
Petroleum Technology Conference. SPE, 2020: D023S012R002.

CARPENTER C. Digital-twin approach predicts fatigue damage of marine risers[J]. Journal of Petroleum Technology, 2021, 73(10):
65—66.

KHARAZMI E, WANG Z, FAN D, et al. From data to assessment models, demonstrated through a digital twin of marine risers[C]//
Offshore Technology Conference. OTC, 2021: D031S035R003.

RIFT . TR B FEEC 2R A HEAR SR L 22 20153 [D]. dbat . P EA TR (JEAL), 2023. [WU Z Y. Research on digital
twin frame and operation safety of riserless workover strin[D]. Beijing: China University of Petroleum-Beijing, 2023.]

VOROBEV [, KOSHKIN T, PROKOPEV M, et al. Digital twin application for boosting oil production, predictive analytics of asset
integrity and mid-term forecasting of field performance[C]//Abu Dhabi International Petroleum Exhibition and Conference. SPE, 2022:
DO021S065R001.

SINDI W. Developing a digital twin for offshore wells using physics-rooted models[C]//Offshore Technology Conference. OTC, 2023:
DO11S005R006.

MURRAY P, WATTIS Z, BAIN B, et al. Towards a digital twin supporting risk based decision making for offshore installations[C]//SPE
Offshore Europe Conference and Exhibition. SPE, 2019: DO11S001R004.

LASTRA R. Electrical submersible pump digital twin, the missing link for successful condition monitoring and failure prediction[C]/
Abu Dhabi International Petroleum Exhibition & Conference. OnePetro, 2019.

PASHALI A A, KOLONSKIKH A V, KHALFIN R S, et al. A digital twin of well as a tool of digitalization of bringing the well on to
stable production in Bashneft PJSOC (Russian)[J]. Oil Industry Journal, 2021, 2021(03): 80—84.

REN S S, SHEN F, ZHANG X Y, et al. Digital twin of beam pumping unit control and analysis[C]//Journal of Physics: Conference
Series. IOP Publishing, 2021, 1894(1): 012031.

LAI WENHUA, ZHANG HU, JIANG DAWE]I, et al. Digital twin and big data technologies benefit oilfield management[C]//ADIPEC.
OnePetro, 2022.

VIEIRA D S M, MENEZES D R R, ALVES D O L, et al. Development of digital twin for production and well integrity[C]//SPE Annual
Technical Conference and Exhibition. SPE, 2022: DO11S002R002.

BOHN A G. Integrating planning of maintenance and continuous production in an oil and gas production system by the use of digital
twins[D]. NTNU, 2021.

OKHUIJSEN B. Combining the process and maintenance digital twin to create an autonomous production platform[C]//Offshore
Technology Conference. OnePetro, 2022.

ALHUMAID S, AL K M, DAANYAL M, et al. Utilizing well digital twins to optimize offshore nitrogen lift operations[C]//Offshore
Technology Conference. OTC, 2023: DO11S006R003.

SHEN F, REN S S, ZHANG X Y, et al. A digital twin-based approach for optimization and prediction of oil and gas production[J].
Mathematical Problems in Engineering, 2021, 2021: 1-8.

XS, i R . BT AR AR I AR R B A B A HT U I [J]. A7 iS4, 2022, 43(10): 1450—-1461. [LIU W L, HAN D K.
Digital twin system of oil and gas reservoirs: A new direction for smart oil and gas field construction[J]. Acta Petrolei Sinica, 2022,
43(10): 1450—1461.]

CHEVERDA V, LISITSA V, PROTASOV M, et al. Digital twins of hydrocarbon reservoir[C]//International Conference on Computa—
tional Science and Its Applications. Cham: Springer International Publishing, 2021: 675—688.

ZHANG T, L1Y, CAL J, et al. A digital twin for unconventional reservoirs: A multiscale modeling and algorithm to investigate complex
mechanisms[J]. Geofluids, 2020, 2020: 1—12.

ZHANG T, SUN S. An exploratory multi-scale framework to reservoir digital twin[J]. Advances in Geo-Energy Research, 2021: 352—
363.

RESHETOVA G, CHEVERDA V, LISITSA V. Digital twins of geological objects: Development and use[C]//International Conference



296

fmRREER 2024 4E4 A 9B 2 W

[81]
[82]
(83]
(84]
[85]
[86]
[87]

[88]

(89]

[90]

[91]

[92]

(93]

[94]

[95]

[96]
[97]

on Parallel Computational Technologies. Cham: Springer International Publishing, 2021: 300—311.

KONGSBERG, KOGNITWIN. 2021. Kognitwin, https: //www. kongsberg. com/digital/solutions/kognitwin-energy (accessed 2 July
2021).

WHALEY J. A bridge between two worlds[J]. Journal of Petroleum Technology, 2020.

FEDER J. Will this be the decade of full digital twins for well construction?[J]. Journal of Petroleum Technology, 2021, 73(03): 34—37.
CARPENTER C. Johan sverdrup’s digital operations drive efficiency, safety[J]. Journal of Petroleum Technology, 2020, 72(09): 67—68.
LARSEN P F, TONNESSEN T, SCHUCHERT F, et al. Johan sverdrup: The digital flagship[C]//Offshore Technology Conference. OTC,
2020: D041S046R005.

SINGH M, SRIVASTAVA R, FUENMAYOR E, et al. Applications of digital twin across industries: A review[J]. Applied Sciences,
2022, 12(11): 5727.

ZBOROWSKI M. Finding meaning, application for the much-discussed “Digital Twin” [J]. Journal of Petroleum Technology, 2018,
70(06): 26—32.

BREWER T, KNIGHT D, NOIRAY G, et al. Digital twin technology in the field reclaims offshore resources[C]//Offshore Technology
Conference. OTC, 2019: DO11S004R003.

MARTIN R F, WALTHER D, EISINGER 8, et al. Revisiting ontologies of units of measure for harmonising quantity values—A
use case[C]//The Semantic Web—ISWC 2020: 19th International Semantic Web Conference, Athens, Greece, November 2—6, 2020,
Proceedings, Part II 19. Springer International Publishing, 2020: 551-567.

OKHUIJSEN B, WADE K. Real-time production optimization-applying a digital twin model to optimize the entire upstream value
chain[C]//Abu Dhabi International Petroleum Exhibition and Conference. SPE, 2019: D011S012R002.

GRANGE E L. A roadmap for adopting a digital lifecycle approach to offshore oil and gas production[C]//Offshore Technology
Conference. OTC, 2018: DO11S011R006.

ZHOU M, LI T, ESPELAND M, et al. Digital twin provides virtual multiphase flow metering and leak detection to deepwater operations
for operational decision making on Liwan Field[C]//Offshore Technology Conference. OTC, 2023: D031S042R005.

FE B it v LV T B A B AR R, B ™ Tl 0 5 B0 € 1 [EB/OL].(2023-08—-05)[2023~10—13]. https: //oil. in-
en. com/html/0il—2957216. shtml [International Petroleum Network. New achievements in digitization technology of China National
Offshore Oil (CNOOC) help domestic industrial software achieve new breakthroughs [EB/OL]. (2023—-08-05)[2023—10—13]. https: //
oil. in-en. com/html/0il—2957216. shtml]

P, BB, DO, 45 . B AR A ARG BRI KON (D], TSR LAE I &R 58, 2021, 27(01): 1-15. [TAO F, ZHANG H, QI Q L,
et al. Theory of digital twin modeling and its application[J]. Computer Integrated Manufacturing Systems, 2021, 27(01): 1-15.]

LUO W, HU T, ZHANG C, et al. Digital twin for CNC machine tool: Modeling and using strategy[J]. Journal of Ambient Intelligence
and Humanized Computing, 2019, 10: 1129—-1140.

Stress. Manual for determining the minimum horizontal stress following the G function method[C]. China, HNSH Corp, 2021, Chengdu.
AR, AT . R SRR LR AT R (1] AR FE ], 2023, 8(2): 222-233. [LIN B T, ZHENG H Y. Application of
intelligent finance technology in the oil and gas industry[J]. Petroleum Science Bulletin, 2023, 8(2): 222—233.]

(et Ha HiE LEE



