T % H M5 A A

FXXE XX PETROLEUM RESERVOIR EVALUATION AND DEVELOPMENT 1

SRR R, 2580, 2/ e, 5. 3T POA-LSTM-TCN AN S B SRR BT IRV ST
XXXX, XX(XX):
ZHU Suyang, LI Ying, PENG Xiaolong, et al. Research on deep reservoir anti—condensate early warning method based on POA-LSTM-TCN

combined model for gas reservoirs —a case study on Bozi gas reservoir[J]. Petroleum Reservoir Evaluation and Development, XXXX, XX(XX):

DOI: 10.13809/j.cnki.cn32-1825/te.2025293

EFPOA-LSTM-TCN IS EB K EHME FHi%
S
— B RS HEREE A

kWM, ZE F, 9A0E, X, BXE
(VT A S I A I N T o TR 4 ) o o S8, DU RGER 610500)

WE BRI 4-WMELNREN R AN L EAGEEH A ER S EE, EFLABRFFTHAZLERZAR DI E A LKA L
FOgA I ERENRARFHEAME TELRE AL, FRAERETFHE D AR DA 7 k38 D8R 5] R 3 R8T 1
RERNEEE, #adx — @8, RS ERGHAHEE Y G RBENABRAALNE, RA0T T IL-E-T=ZFEN W
AR L B AL B R Ay e R A, ARAE S Ok JE R AR K PP B 0 AR T R R AR R K B A e R = K
i (Gas—0il Ratio, GOR) W R ¥ M R MR A ENTLRET , oM EFARTEES K E TR A, T UARBRE LN TAHET
Bl W Bt o A E AL AR AR T —F 2T 4895 48 b & 3% (Pelican Optimization Algorithm, POA)f ft & & 47 32 12 W 45 (LSTM)
5 bt 4, % R W % (Temporal Convolutional Network, TCN) 241 & T AL A . 3@ 3t POA & 3% 2 5] 3f LSTM 5 TCN 8 # 2 #1 3t 47 2 7 F
R, FF K An AL R A 5K wE A 2 POA-LSTM-TCN 41 &4 AL, L33 K Bl fr B GOR o B LA T, 45 RK WA, 16 J5 B9 POA-LSTM
5 POA-TCN # 2 - 34 4 3¢ B 4 A% 22 (MAPE) 4 5] 4 3.71% 5 7.73%, 1 POA-LSTM-TCN #1 44 A thh MAPE % 2.40%, % 2 — 42 Al
AFI T 1.31% 5 533%. #H—FHEEHEAENERB AN FR AR TR B REFHENITE, BEAZORA H R4 F
#y BT 5 T FIF POA-LSTM—TCN 4 & HUM A, 3 b FF & BOBEAT R B, R A B & TN A B T S B i R 4, BT a3 A e b T
MR 22 K T 8 BRI W7 6 B 1K ROBEAT . Bt AR R AN T AR G AR A2 07 SR 2 B 30 B AT IR A 07 W oy R 2, o RO AT 3L
GRET —HETEHNFEAMNNTET E, MELAREFT AN SOBATIIERNEFLT EMRAEAEEZNELLE TR
SR
SRR R TR B A T BT AU A b OB A I 4
hESHES TE3T2 SCHRARIAED : A

Research on deep reservoir anti—condensate early warning method based on POA-LSTM-TCN
combined model for gas reservoirs —a case study on Bozi gas reservoir

ZHU Suyang, LI Ying, PENG Xiaolong, LIU Wei, GUAN Wenjie

(National Key Laboratory of Reservoir Geology and Development Engineering, Southwest Petroleum University, Chengdu,
Sichuan 610500, China)

Abstract: Ultra—deep pore—fracture—fault complex condensate gas reservoirs exhibit highly heterogeneous fluid flow behaviors. During
production, the fracture system often experiences locally reduced pressure, leading to retrograde condensation, while the matrix pressure and
overall reservoir pressure remain above the dew—point pressure. This discrepancy makes it difficult for traditional gas reservoir engineering
methods—typically based on average reservoir pressure—to accurately identify the onset and extent of local retrograde condensation. To
address this issue, this study investigates the Bozi condensate gas reservoir located in the Kuqa Depression of the northern Tarim Basin. The
flow mechanism and pressure response characteristics of the pore—fracture—fault triple-medium system are systematically analyzed. Based

on the variation patterns of wellhead oil pressure, the production process is divided into three distinct stages: a steady—decline period, an
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unstable=fluctuation period, and an accelerated—decline period. Abnormal fluctuations in the gas—oil ratio (GOR) are interpreted as early
indicators of phase change. By examining GOR variations across different pressure intervals, this work characterizes the dynamic evolution of
complex medium gas reservoirs at various production stages. A hybrid predictive framework is proposed that integrates the Long Short—Term
Memory (LSTM) network and the Temporal Convolutional Network (TCN), whose hyperparameters are globally optimized using the Pelican
Optimization Algorithm (POA). A weighted fusion strategy is employed to construct the POA-LSTM-TCN combined model, enabling stage—
wise fitting and prediction of GOR. The results demonstrate that the optimized POA-LSTM and POA-TCN models achieve mean absolute
percentage errors (MAPE) of 3.71% and 7.73%, respectively, whereas the POA-LSTM-TCN hybrid model achieves a significantly lower
MAPE of 2.40%, outperforming the single models by 1.31% and 5.33%. Numerical simulation further verifies that the traditional gas
reservoir engineering approach based on average pressure fails to effectively capture retrograde condensation occurring within fractures. In
contrast, the POA-LSTM-TCN model not only provides high—accuracy and efficient GOR prediction but also identifies retrograde
condensation when deviations exceed the prdefined threshold. Therefore, this study overcomes the limitations of conventional engineering
methods in detecting local retrograde condensation and establishes an early—warning approach based on anomaly recognition. The findings

hold substantial theoretical and practical significance for production dynamics analysis, retrograde condensation mechanism identification,

and development optimization of complex condensate gas reservoirs.
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Fig. 1 Schematic diagram of the pore—fracture—fault complex medium structure and corresponding oil pressure variation stages
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Fig. 2 Flowchart of the POA-LSTM-TCN combined model
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Table 1 ADF test results of retrograde condensation
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Table 2 Hyperparameter optimization results
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Table 3 Comparison of different optimization algorithms compare the calculation results.
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Table 4 Evaluation results of single models and the
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