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Abstract

To address the technical bottlenecks of downhole wax deposition in pumping wells—such as step-
increases in mechanical loads, stall-attenuation of pump efficiency, and unplanned pump-jamming
shutdowns—traditional “fixed-cycle” maintenance paradigms commonly face severe dynamic in-
compatibilities, resulting in either resource redundancy via over-maintenance or catastrophic eco-
nomic losses via delayed interventions. Therefore, this study proposes a dynamic time-series inver-
sion and proactive warning scheme for wax removal and prevention in pumping wells based on the
Autoregressive Integrated Moving Average (ARIMA) model. Rooted in the multi-dimensional domi-
nant thermodynamic mechanisms of wax evolution, core characteristic indicators including load dif-
ference, submergence depth, and wellhead temperature, which are highly retrievable via field
SCADA systems, are extracted to construct the feature input matrix. Through the collaborative im-
plementation of industrial noise preprocessing, stationarity verification, standardized identification,
and parameter estimation, the linear time-series dependency of wax evolution under complex oper-
ating conditions is deeply mined. Empirical research and on-site oilfield engineering applications
demonstrate that the established ARIMA(2,1,2) model exhibits excellent generalization robustness
in fitting time-series fluctuation signals. Compared with traditional empirical decision-making meth-
ods and standard ARMA models, the proposed method successfully advances the prognostic horizon
of wax deposition risk by 3 to 7 days, realizing a paradigm shift from “fixed-cycle” to “on-demand
dynamic” precise asset management. It achieves prominent performance in reducing the frequency
of invalid operations, cutting comprehensive lifting energy consumption, and throttling safety haz-
ards like pump-jamming, thereby providing a solid mathematical foundation and a digital support
pedestal for the digital transformation and efficient development of oilfield wellbore maintenance.
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Figure 1. Flowchart for wax removal and anti-wax sequence prediction
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Table 1. Standards for classifying the degree of wax deposition
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Table 2. Test data example
2 2. MK HAE RG]

3 BT = 35 B
2025-01-01 43.82 2025-04-01 44.12
2025-01-15 43.88 2025-04-15 44.18
2025-02-01 43.95 2025-05-01 44.25
2025-02-15 44.02 2025-05-15 4431
2025-03-01 44.06 2025-06-01 44.38
2025-03-15 44.09 2025-06-15 44.45

4.2. EBEERE

4.2.1. FRIEVBSESAE
X FRAEAL G BT ZE I 7 Bs 4T ADF K6, R sl Ranse 2 s, 4k 3 A, JR4G 7411 ADF
Gt EN-1.862, KT 5% E MKV K FE—2.945, 2R, FRoldEvas, @&y 20 kP,

DOI: 10.12677/jogt.2026.483049 453 B KRR AR


https://doi.org/10.12677/jogt.2026.483049

[ik: A

Table 3. Stationarity test
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Table 4. AIC&BIC comparison table
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Table 5. Calculate prediction accuracy
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Table 6. Test set data prediction accuracy table
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