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Ensemble learning—based prediction model for oil and gas reservoir value in Mahu Sag
YUAN Jing', JIA Lu', XU Guojian®, AT Min', LI Sixu'

(1. Digital Technology Company, PetroChina Xinjiang Oilfield, Karamay, Xinjiang 834000, China; 2. Mahu Exploration and
Development Project Department, PetroChina Xinjiang Oilfield Company, Karamay, Xinjiang 834000, China)

Abstract: The Mahu oilfield, located in the northwestern part of the Junggar Basin in Xinjiang, is one of the largest conglomerate oilfields in
the world, with reserves exceeding 1 billion tons. However, poor reservoir properties and strong heterogeneity present significant challenges
to the efficient development of oil and gas resources. The key to efficient oil and gas development lies in accurately identifying reservoirs with
industrial production value, those with higher productivity and relatively lower development costs. To address the complexity of oil and gas
reservoir evaluation in the Mahu Sag of the Junggar Basin, this study proposed an oil and gas reservoir value (OGRV) prediction model based
on ensemble learning. The study began with an in—depth analysis of the geological characteristics and exploration status of the Mahu Sag.
Then, an ensemble model integrating random forest (RF), long short—term memory (LSTM), and convolutional neural network (CNN) was
constructed to improve the accuracy and generalization ability of reservoir evaluation. During implementation, key feature parameters were
extracted through systematic preprocessing and feature engineering. With expert knowledge, additional augmented features such as
hydrocarbon humidity ratio, hydrocarbon balance ratio, and hydrocarbon characteristic ratio were incorporated. In addition, the sliding
window technique was introduced to track the trend of features with depth variations, and the category information of similar wells was used
as prior knowledge to enhance the model’s prediction performance. By leveraging the strengths of different models, a precise and robust
reservoir evaluation algorithm was developed. It effectively identified reservoirs with industrial value in the Mahu Sag. The model yielded an
Fl-score of 0.847 0, accuracy of 0.772 5, and area under the receiver operating characteristic (ROC) curve (AUC) of 0.781 0. The study also

investigated model interpretability in depth to help geoscientists better understand the model’s decision—making mechanisms and support
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more informed decision—making in oil and gas exploration and development.
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Fig. 1  Structural location of Mahu Sag in Junggar Basin
(modified from Refs.[25])
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Fig. 2 Schematic diagram of oil and gas reservoir value prediction modeling workflow
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Fig. 4 Pearson correlation coefficient heat map
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K6 ROC Hh e fil4]
Fig. 6 ROC curve diagram
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Table 3 Classification performance-without augmented

features

GERVR AL F14351 B AUCTH
I 0.889 1 0.827 1 0.926 1

RfAILAR R IOUFLE 0.792 0 0.710 4 0.808 1
A 0.868 4 0.785 7 0.750 1

IR 0.954 6 09321 0.989 5

LightGBM Lt S 0.8150 0.750 3 0.861 4
MK EE 0.853 1 0.7619 0.745 5

PllE=S 0.897 7 0.848 9 09148

LSTM BiFdE 0.750 0 0.668 5 0.784 9
ML 0.8252 0.7337 0.697 3

e 0.892 1 0.8416 0.916 0

CNN Bk 0.779 8 0.704 0 0.803 1
pllRFve S 0.783 7 0.691 4 0.686 5

®4 SEMERE-SILYERE

Table 4 Classification performance-with augmented

features

IRFS RN F1434k RS AUCTH
I 0.989 3 0.984 5 0.999 4

FEHLAR AR I uEsE 0.795 0 0.7158 0.828 9
MR 0.861 8 0.784 8 0.773 7

VE=is 0.982 4 0.974 4 0.997 6

LightGBM LisniE S 0.781 1 0.706 1 0.823 0
A 0.824 1 0.7275 0.727 6

Il 0.9537 0.9328 0.978 0

LSTM LAt S 0.804 0 0.747 0 0.803 4
ML 0.825 4 0.738 1 0.7217

VER S 0.9192 0.8824 0.943 8

CNN BirdE 0.793 4 0.7320 0.8132
ML 0.767 2 0.6772 0.700 5
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Fig. 7 Model stacking
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Table 5 Classification performance

GRS FEARSE  FIAHK KR AUCTH
HIIEE S S 0.993 7 0.990 9 0.999 6
LA OGRY LTS 0.781 1 0.7255 0.8125
4R 0.847 0 0.7725 0.781 0
AR U EE AT RS AR T
1
y (7)

"1+ exp —[(-9.97 + 17.97x, + 3.17x, - 3.54x,) ]

S s, vy vy A3 R AT B AL AR AR L LSTM F1 CNN (1)
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HICNN 1 TR A —
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HEBR Y, s AR LA PR BN EE ) . SR, A2
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Table 6 OGRYV prediction examples
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