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Abstract Reservoir protection plays a significant strategic role throughout the entire process of oil and gas exploration and
development. The development of deep oil and gas resources faces complex environmental conditions and high technical demands.
Effective reservoir protection technologies can help achieve the goal of “low input, high output, and significantly improved eco-
nomic efficiency.” As such, the role of reservoir protection in various stages such as drilling, completion, and production is critical.
In recent years, the widespread application of machine learning and other Artificial Intelligence (AI) technologies has provided
intelligent solutions for reservoir protection, making smart reservoir protection technologies a major trend in the industry. A sys-
tematic review of recent literature on the integration of artificial intelligence and reservoir protection has been carried out to analyze
the various model methods, the characteristics of sensitivity damage prediction data sets, and the development and application of
intelligent decision systems used in reservoir protection. Through this review, the study identifies several key issues and limitations
when applying “Al + reservoir protection” technologies. Firstly, the data quality is inconsistent, leading to unreliable inputs for
model training. Secondly, the application scenarios are complex; the engineering environments of different oil and gas fields vary
widely, and models may not perform effectively in these complex, heterogeneous conditions. Thirdly, models have low generaliz-
ability, and their adaptability in various scenarios is often limited, making it difficult to apply them universally across different field
conditions. Finally, the supporting software and development systems for these models are not fully matured, restricting the practical
implementation of these intelligent solutions. To address these challenges, several directions for future development are proposed.
Firstly, improving data governance to enhance the quality of data is essential. This can be achieved by constructing a high-quality
reservoir protection database, which would provide reliable data for training and optimizing intelligent models. Secondly, it is crucial
to integrate domain-specific knowledge from the reservoir protection field into intelligent models. Incorporating expert knowledge
into the models can improve their accuracy and predictive performance, making them more suitable for real-world applications in
reservoir management. Thirdly, model interpretability should be enhanced. Increasing the transparency of decision-making processes
within Al models will help build trust among technical personnel in the predicted results, thereby encouraging their acceptance and
adoption of these systems. Finally, there is a need for the development of intelligent decision support systems that can handle large

models, ultimately facilitating more advanced, high-level smart solutions for reservoir protection.
Keywords reservoir protection; artificial intelligence; damage prediction; reservoir sensitivity; intelligent decision system
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Fig. 1 Word cloud diagram of prediction model and optimization methods
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Fig. 2 Statistics of the number of studies on different reservoir damage prediction targets
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Fig. 3 Analysis of input variables for reservoir sensitivity damage prediction
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Fig. 6 The method of improving model interpretability by stages

4 5%

SERE A2 R AP B R RE 5 R BTk ST R
S DAL 2. BERESSTGGET MER,
NOZEAIAEE . e RIS B B i S
b AEH . 2020—2035 4F 2t SRl A IR &5 Tk

EANE R T U, Tl (s Res i 6) 2
e A AN E U R I ) P S Tk RIS
GEAL ARG fay LR, X DA B A2 2R (R RS, i RO
TIREAE A ¥ R B A2 28 RL b AT oA B, B
GRS 2%, SCHEG RGN ARIES
ARSI o 82 ORI REDR SR 1 BT A BT
Kot BIE LA R PR

OEERNA WAL IR ZE AP SRR
Al EsE . FORBE2 AL, SFRITE AR AN
7 BRI TR EEOR , SCEXH R I E LB |
PUE BN | 50 RO T A5 D7 A TR R B
AT AR 5 TT Al n] AR & S DG i, ER
TG A2 JRE W)t B4 7R U N ) 525 A BT

@ B A S it A AR SR BE: BEXT 1 A i
JERIE WIS A7 A A rI AR AR 22 | E e
JIGGAERER, T ERPEGIT MR i S . TR
CREN SRR SOl A= SN[ SIY - FNAEST (R FNA
O fe BT, MR S PR LT Hh R B AG) Dh RE S SR
FHEVETIENGEE, T B - N - st - TR
UL P VS AR /N RA B

IR ALAR R AT

R ik

__________________

_________________

|
SHAL
|

_________________

Al HEZE SHAPZ B4
EEE M hFRTTER

FoRFE A, N TEBES I BT & RS BB IEAE
KA IR T, AHREORBETE S ¥ Hu I Z RT3 9%
FAAEAV/NRBEE] . “ N TR BE+ BRI BORRYRER
PEALE i JZ ORI SUR B TR B 22 A 57 . 5
Tk B A SRR AR R Sl . AT Y AT R A
s A S BCE RO RIR R AR, & Z B0 Tkt
Jo e 5 P AT 280 B TR S R RE AR R B TR



968

FhBREER 2024 4E 12 H oS 6 ]

Z5G . BRI REEANZ AL RE S iR, DIRAR ML AR BEURSR ST B IS A T

BN
(11 7EiEE, R, ZE, & PEAMET . BT RUKE IR S IR SR SRR (1], A EAm iR, 2023, 28(03): 1-11.

(2]

(3]

(4]

(3]

(6]

(7]

(8]

(9]

[10]

(11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[WANG H G, HUANG H C, JI G D, et al. Progress and challenges of drilling and completion technology of deep wells, ultra-deep wells
and horizontal wells of PetroChina[J]. Petroleum exploration in China, 2023, 28(03): 1-11.]

FEEVE, IS, BRRING | A b KA A P A S 2 A SRR (0], T AR AR 2R (BARRRE ), 2022, 46(06):
110—118. [JIANG G C, SUN Z, SHENG K M, et al. Quantitative simulation of spatiotemporal evolution of bacterial blockage in
sandstone water-injected reservoirs[J]. Journal of China University of Petroleum (Natural Science Edition), 2022, 46(06): 110—118.]
ZERA, BREE IR, BRI, A B B N A R I 2 v A o7 FH BRIR B SR 22 [T]. v A i 240 (A SRR R, 2020,
44(04): 1-11. [LI 'Y, LIAN P Q, XUE Z J, et al. Application status and prospect of big data and artificial intelligence in oil and gas field
development[J]. Journal of China University of Petroleum (Natural Science Edition), 2020, 44(04): 1-11.]

BERMG TS ST RENLARA AL AT SUE SUBE E T (0], SRS 52, 2023, 40(04): 423—-430. [SHENG K M, JIANG
G C. Prediction of oil and gas reservoir sensitivity damage based on random forest algorithm[J]. Drilling Fluids and Completion Fluids,
2023, 40(04): 423-430.]

2R JE T BP AP W45 5 AL 5k iR £ A N ) BRI AR AL AE 5T (D). FE A Il R 2% (dE BT, 2020. [LI Z. Research on stress
sensitivity prediction model of Shunbei carbonate rock based on BP neural network[D]. China University of Petroleum (Beijing), 2020.]
T, BEIE . A2 BURE TN & R R G RG] (7], B5FIRS 78, 2002, (06): 27-29+150—151. [WANG B, FAN S Z. Develop—
ment of an expert system for reservoir sensitivity prediction[J]. Drilling Fluids and Completion Fluids, 2002, (06): 27—29+150—151.]
VR, TR, 5% . BN 7E i) 2 SRR A A4 8 (9], IR AR S SRICR , 2010, 17(05): 61-64+115. [JIANG G C, WANG
X J, et al. Application of pattern recognition in reservoir sensitivity prediction[J]. Petroleum Geology and Oil Recovery, 2010, 17(05):
61—-64+115.]

N7 . T IRAEF IR I A2 I 24 A6 25 K B 100 [D]. H K2 (db5at), 2019. [QUE LY. Prediction of water
lock damage in bedrock gas reservoir based on genetic algorithm optimization of grey neural network[D]. China University of Petroleum
(Beijing) , 2019.]

FELEZE, T . A0SR A3 M B B b SR A K A% 5 7], A MRETR, 2009, 14(10): 51-54. [DONG X J, LEI R. Grey correlation
analysis predicts the water lock damage of gas reservoirs in northern Shaanxi[J]. Chinese and Foreign Energy, 2009, 14(10): 51-54.]
Wi, BB, MRS, SRR BRUOCR SRR RGN I RUR TR [1]. Bk T2, 2011, 34(04): 32-34+3. [CHEN F, KANG Y
L, YOU L J, et al. Application and development of intelligent decision support system for reservoir protection[J]. Drilling Process, 2011,
34(04): 32—-34+3.]

JIANG G C,L1Y Z, HE Y B, et al. Subsection and superposition method for reservoir formation damage evaluation of complex-struc—
ture wells[J]. Petroleum Science. 20(2023): 1843—1856, 2023.

IR, T, 2/NNISE L TR RELE AR 2 10 S i B B0 P R T 5 R (0], A a4k A2, 2019, 38(08): 1-5. [YANG Z Z,
GAO C X, LI X G, et al. Application and prospect of artificial intelligence in reservoir damage diagnosis and prediction[J]. Petrochemi—
cal Applications, 2019, 38(08): 1-5.]

SHAFIEI A, TATAR A, RAYHANI M, et al. Artificial Neural Network, support vector machine, decision tree, random forest, and com—
mittee machine intelligent system help to improve performance prediction of low salinity water injection in carbonate oil reservoirs[J].
Journal of Petroleum Science and Engineering. 2022, 219: 111046.

HESCoR, TRATRR . BT A0 4 I 265 Yt 2450 TR 5T (7], P& A "2 B 54 ( B SRR 10), 1995, (01): 46-49. [Mei W R, Zhang
S H. Research on formation damage identification based on neural network[J]. Journal of Xi’an Petroleum Institute (Natural Science
Edition), 1995, (01): 46—49.]

FAEA . F R W28 0 20 [J]. AR F S E R (A ABEM), 1996, (05): 47-50. [KE J Y. Neural networks are used to
predict reservoir damage[J]. Journal of University of Petroleum (Natural Science Edition) , 1996, (05): 47—50.]

AR, FRAEAE . T2 8 TR A 2 U E B B S (7] MBS ERER | 1997, (04): 18-20+26+61-62. [PENG C Y, YAN J
N. Application of Artificial Neural Network in reservoir sensitivity prediction[J]. Oil Drilling Techniques, 1997, (04): 18—20+26+61—
62.]

TRARAE, BIREAE, Sl . ARB DA 2K 1 IR R 2L 26 TR A 7], SR 122, 2001, (01): 38—40. [ZHANG Z H, YAN
JN, WU Y M. A grey neural network prediction model for water lock damage in low-permeability sandstone reservoirs[J]. Drilling
Process, 2001, (01): 38—40.]

ZRARE | TR A NI A E IR FE LW R S R 48 [D]. M /RIE TR K%, 2005. [LI F J. Decision support system for oil



N TR RETEARE G h BT BUIR 5 % Je 7 1wl 969

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

and gas reservoir damage diagnosis based on intelligent computing[D]. Harbin Engineering University, 2005.]

ARONGEA] , PP TSRS . S A 22 I AU At 2 A ST P B R (9], A7 TSR A, 2006, (01): 28-31. [HE S L, TIAN L, GU
D H. Application of improved neural network model in reservoir sensitivity prediction[J]. Oil Drilling Techniques, 2006, (01): 28—31.]

XN EEE. T T M2 W25 04 R it 2 UM 700 [D]. w7 [ A7 9k K 2%, 2009. [LIU B F. Reservoir sensitivity prediction of
ultra-deep wells based on Artificial Neural Network[D]. China University of Petroleum, 2009.]

PRI , P E T, BRI . A2 1) SRR 22 25 R0 2 73 (0] T TS R ICR , 2009, 16(06): 98—101+117. [LIS T, JIANG
G C, CHEN Y L. A radial-based neural network method for diagnosing oil and gas reservoir damage[J]. Petroleum Geology and Oil
Recovery, 2009, 16(06): 98—101+117.]

vt 57 ekt i BP 928 5 i J2 o Al 2 T o i 8 (7). AR T A sk B, 2011, 38(01): 75—78. [CHEN H Y. Application of
improved BP network in reservoir velocity-sensitive damage prediction[J]. Chemical Automation and Instrumentation, 2011, 38(01):
75-78.]

A | TRV Rl A S WA RS 2 USRI HT R A3 AT F00 (0], MRk (v T K224 ), 2012, 37(04): 719—
727. [DAN H S, ZHOU F D. Sensitivity mechanism analysis and distribution prediction of low-permeability reservoirs in Luxiang fault
depression in Yitong Basin[J]. Earth Sciences (Journal of China University of Geosciences), 2012, 37(04): 719-727.]

e e, WEARPR . T A Ao 28 TR 4 Ol 22 R PE POEI  E 5 (0], I ERAR T 4IR | 2012, 34(04): 486—489+370. [GAO L, PAN
S L. Research on reservoir sensitivity prediction method based on genetic neural network[J]. Geophysical and Geochemical Exploration
Calculation Technology, 2012, 34(04): 486—489+370.]

PNE 2, WP, R, S5 N T X R T 2 SRR [J]. R T 22, 2012, 35(05): 72—=74+11. [SUN 'Y X, XIE J B.
Research on reservoir sensitivity prediction method based on genetic neural network[J]. Drilling Process, 2012, 35(05): 72—74+11.]
AR G2 IUE N S O IT S (7). RS R, 2013, (33) @ 27. [LI T R. Research and design of reservoir damage
prediction algorithm[J]. Scientific and Technological Innovation and Application, 2013, (33): 27]

REZAIAN A, KORDESTANY A. An Artificial Neural Network approach to formation damage prediction due to asphaltene deposi—
tion[C]. in Tinapa: Nigeria Annual International Conference and Exhibition. SPE—140643, 2010.

GENGJJ, YANJ N, LI Z Y, et al. Mechanisms and prevention of damage for formations with low-porosity and low-permeability[C]. in
Beijing: International Oil and Gas Conference and Exhibition. SPE—130961, 2010.

FOROUTAN S, MOGHADASI J. A neural network approach to predict formation damage due to calcium sulphate precipitation[C]. in
Noordwijk: SPE European Formation Damage Conference & Exhibition. SPE-165157, 2013.

CHO J, KIM T H, CHANG N, et al. Effects of asphaltene deposition-derived formation damage on three-phase hysteretic models for
prediction of coupled CO, enhanced oil recovery and storage performance[J]. Journal of Petroleum Science and Engineering. 172(2019):
988-997, 2019.

EFFIONG A J, ETIM J O. et al. Artificial intelligence model for predicting formation damage in oil and gas wells[C]. in Lagos: SPE
Nigeria Annual International Conference and Exhibition. SPE—-207129-MS, 2021.

LARESTANI A, MOUSAVI S P, et al. Predicting formation damage of oil fields due to mineral scaling during water-flooding opera—
tions: Gradient boosting decision tree and cascade-forward back-propagation network[J]. Journal of Petroleum Science and Engineering.
208(2022): 109315, 2022.

TARGHI E K, NIRI M E, ZITHA P L. Design of Artificial Neural Network for predicting the reduction in permeability of porous media
as a result of polymer gel injection[J]. Geoenergy Science and Engineering. 227(2023): 211925, 2023.

SHAKOURI S, SHIRAZI M M. Modeling of asphaltic sludge formation during acidizing process of oil well reservoir using machine
learning methods[J]. Energy. 285(2023): 129433, 2023.

VB, KAy, SEMEZAE 45— i3 2 SUB I g F AT (0], LT L, 2011, 28(09): 322—-326. [TIANG G C, ZHANG W
X, WU X J, et al. A new method for predicting reservoir sensitivity[J]. Computer Simulation, 2011, 28(09): 322-326.]

T . e VU XA 30 E AL PR EEFT [D]. 2RIt AT R2E, 2012, [XIE Y N. Research on reservoir damage mechanism and
protection measures in Longxi area[D]. Northeast Petroleum University, 2012.]

Tyl L SRR LT Tk 0 BB D A A 2 0 TN R S & [D]. PE RS Al R2%, 2018, [MA G F. Development of damage
prediction system for tight sandstone reservoir based on support vector machine method[D]. Southwest Petroleum University, 2018.]
ALEGRE L, DOUGHERTY E. Applicability of expert systems to diagnose formation damage problems: a progress report[C]. in Long
Beach: SPE California Regional Meeting, Long Beach. SPE—17460, 1988.

XIONG H J, HOLDITCH S A. A comprehensive approach to formation damage diagnosis and corresponding stimulation type and fluid
selection[C]. in Oklahoma City: SPE Production Operations Symposium. SPE—29531, 1995.

GARROUCH A A., MALALLAH A, ALENIZY M. A comprehensive expert system for diagnosing and assessing formation damage[C].
in Vienna: SPE Europec/EAGE Annual Conference and Exhibition. SPE—99277, 2006.

GHOLAMI R, SHAHRAKI AR, et al. Prediction of hydrocarbon reservoirs permeability using support vector machine[J]. Mathematical



970

FhBREER 2024 4E 12 H oS 6 ]

[42]

[43]

[44]

[45]

[46]

[47]

(48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

Problems in Engineering. vol.2012: 670723, 18 pages, 2012.

CUNDAR C, GUERRERO-BENAVIDES C, et al. A comprehensive approach to organic precipitation damage by CPA EoS from Monte
Carlo, and machine learning methods[C]. in Port of Spain: SPE Latin American and Caribbean Petroleum Engineering Conference.
SPE-213163-MS, 2023.

DAVOUDI A, KALANTARIASL A, et al. Estimating permeability impairment due to asphaltene deposition during the natural oil
depletion process using machine learning techniques[J]. Geoenergy Science and Engineering. 230(2023): 212225, 2023.

Wt A, AR, B AG . Al R AR B Ty 3k (0], RS S8R, 1997, (03): 29-31. [YANG X Y, WANG X, XUH R. A
method for rapid prediction of reservoir sensitivity[J], 1997, (03): 29-31.]

I, AR, AR — . FHEAR G AT DR Tt i 2 SRR (3], S5 5 5201, 1999, (01): 4-8. [SUN J M, L1 Z C, TAN W
Y. Rapid prediction of reservoir sensitivity using single correlation analysis[J]. Drilling Fluids and Completion Fluids, 1999, (01): 4—8.]
SRARAE , BREEAE . ORI AT R NS B0 #0482 A K B 35 (D). B S 58I, 2002, (02): 4-8+54. [ZHANG Z H, YAN ]
N. Grey correlation analysis was used to predict the water lock damage of low-permeability sandstone reservoirs[J]. Drilling Fluids and
Completion Fluids, 2002, (02): 4—8+54.]

TN, WA=, e S SE RO A2 AUEAARE R (1], B5SR T2, 2002, (05): 88—91+8. [WANG S, HU S Q, LUO
J S. Mathematical model for predicting damage of drilling and completion fluid to oil and gas reservoirs[J]. Drilling Technology, 2002,
(05): 88—91+8.]

TLJRENGE, XK . )22 OR A RS e B U T R e 72 0], TR Tl S R R 41, 2005, (01): 63-65. [JIANG H S, ZHAO Q
L. Research on reservoir protection database and sensitivity prediction system[J]. Journal of Chongqing Industrial College, 2005, (01): 63—65.]
P05, REFE I, SRR S5 (IR 5 )2 WO TR I 1 A RE AL TIUI B U7k [J]. A IR AR AR 2E R, 2010, 32(03): 124—128+410.
[SHU Y, XIONG C M, ZHANG ] J, et al. A new method for intelligent prediction of the damage degree of low permeability reservoir
liquid lock[J]. Journal of Oil and Natural Gas, 2010, 32(03): 124—128+410.]

R, SRIBAS, B/NR, S5 i i) 2 SR Des S 32 (7], A Aok 20, 2012, 34(S1): 67—69. [GAO B, ZHANG X D,
HUANG X F, et al. A rapid prediction method for reservoir sensitivity in Bohai Oilfield[J]. Oil Drilling and Production Technology,
2012, 34(S1): 67-69.]

WHE, TR, CHE, 5 (KBRS 2K B T B T5 ik 0], A EREOR | 2012, 40(01): 69-73. [JIANG G C, WANG
X J, GUAN J, et al. Quantitative prediction method of water lock damage in low-permeability ultra-low-permeability reservoir[J]. Oil
Drilling Techniques, 2012, 40(01): 69—73.]

ERBAS D, GUMRAH F. The use of genetic algorithms as an optimization tool for predicting permeability alteration in formation
damage and improvement modelling[C]. in Calgary: Canadian International Petroleum Conference. 2001-052, 2001.

GOLSANAMI N, JAYASURIYA M N, YAN W C, et al. Characterizing clay textures and their impact on the reservoir using deep
learning and Lattice-Boltzmann simulation applied to SEM images[J]. Energy. 240(2022): 122599, 2022.

FERNANDES F B, BRAGE A M B, SOUZA A L, et al. Mechanical formation damage control in permeability Biot’s effective
stress-sensitive oil reservoirs with source/sink term[J]. Journal of Petroleum Science and Engineering. 220(2023): 111180, 2023.
HOSSEINI E, NAZAR D M, HOSSEINI N, et al. Developing a phenomenological model to simulate single and mixed scale formation
during flow in porous media: Coupling a salt precipitation model with an ion transport equation under dynamic conditions[J]. Petroleum
Research.2023.

LI J, XIONG G, et al. Simulation of sandstone formation damage caused by solid particle invasion[J]. Journal of Dispersion Science and
Technology.2229899, 2023.

AGI A, JAAFAR M Z, MAJID Z A, et al. Dynamic modelling of reservoir fines retention by mesoporous silica nanofluid to improve oil
recovery during low salinity water flooding of a consolidated sandstone[J]. Geoenergy Science and Engineering. 231(2023): 212328, 2023.
ZONG P, XU H, TANG D, et al. A dynamic prediction model of reservoir pressure considering stress sensitivity and variable produc—
tion[J]. Geoenergy Science and Engineering. 225(2023): 211688, 2023.

TRBL, A, TR, S AT TG T BRI 0 A 5 )2 P TE O B T N U5k (0], bR R 2R, 2009, 52(06): 1657-1662.
[ZHANG R, WANG R H, YU S H, et al. Prediction method of reservoir potential damage before drilling based on geostatistical
theory[J]. Journal of Geophysics, 2009, 52(06): 1657—1662.]

WA, PR, WA A BT AR 1 B R (RBF) £ 28 R 2% 1) i J22 450 T 2 ORI (D). 1 T BR il 5 AR A 222240, 2010,
18(02): 313—320. [HUANG C, JIANG G C, JI CF, et al. Research on reservoir damage diagnosis technology based on radial basis
function (RBF) neural network[J]. Journal of Applied Basic and Engineering Sciences, 2010, 18(02): 313—320.]

XFE 8 . BRI 2 A SUSPE T 1], AIhAE S A , 2008, (06): 30—33. [LIU B F. Prediction of potential sensitivity of ultra-deep
well reservoirs[J]. Oil Drilling Techniques, 2008, (06): 30—33.]

QAZVINI S, GOLKARI A, et al. Experimental and modelling approach to investigate the mechanisms of formation damage due to

calcium carbonate precipitation in carbonate reservoirs[J]. Journal of Petroleum Science and Engineering. 205(2021): 108801, 2021.



N T BEAER R DR B S BUR 5 K e T 1) 971

[63]  Z=H. BRI SRS BRI R G R SR [7]. ATRESR T2, 1996, (06): 36—41+97—-98. [LI Q. Development and application
of comprehensive intelligent software system for reservoir protection[J]. Oil Drilling and Production Technology, 1996, (06): 36—
41+97-98.]

[64] Bk, HLeseE I BdRIR sl 5 LRI R RS K AT i B I (D). AR, 2022, 61(02): 205-212. [XIAO L Z. Machine learning
data-driven and mechanistic model fusion and interpretability[J]. Petroleum Geophysical Prospecting. 2022, 61(02): 205-212.]

[65] LANZANOVA D, WHITNEY C, SHEPHERD K, et al. Improving development efficiency through decision analysis: reservoir protec—
tion in Burkina Faso[J]. Environmental Modelling & Software. 115(2019): 164—175, 2019.

(%% SHE

E—EE: KA (1997 4 —), WG A, WF9E07 e il AR B4 S8 BB H R, muhuayan@
qq.com,

BEMEE: HEE (1966 F—), W1, “RHSZ, WA, A5 m kS 68200975,
m15600263100 1@163.com,





