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High-precision time-shift correction based on least squares in
time-lapse seismic monitoring

ZHI Longxiao, LV Xiaochun, LIANG Yue, LIU Wenhui,ZHANG Shuo,PAN Xuwei

(College o f Geosciences and Engineering - North China University of Water Resources and Electric Power , Zhengzhou 450046,
China)

Abstract: Time shifts refer to time-lapse differences in the two-way travel time of seismic waves in a reservoir and are often ob-
served in time-lapse seismic data.Time shifts are primarily caused by seismic data acquisition, processing,and fluid variations re-
sulting from oil and gas production in reservoirs. The estimation and correction of time shifts are key problems in time-lapse seis-
mic monitoring and are related to the interpretation of time-lapse seismic data.Commonly used correction methods include picking,
windowed correlation.and mismatch minimization. However. their accuracy needs to be improved.To address this problem,we pro-
posed a method for high-precision time-shift correction with smoothing and phase constraints based on the principle of least
squares.First. the objective function with respect to the time shifts was constructed by minimizing the sum of squares of the ampli-

tude differences between the reference and corrected traces.Next, model smoothing and phase constraint terms were introduced in-
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to the objective function to improve the inversion results.Finally, the Gauss-Newton algorithm was used to derive an iterative equa-

tion for estimating the time shifts, which helped realize high-precision inversion and correction of time shifts.It also had high com-

putational efficiency and was easy to implement in practical applications. A theoretical model was developed to generate synthetic

time-lapse seismic records.A test was conducted to determine the influence of the parameter selection and reservoir thickness on

the correction results. The method was also compared with other mismatch minimization methods,such as the Taylor series expan-

sion and dynamic time warping methods. The test results have shown that this method could achieve high-precision estimation and

correction of time shifts. Time-lapse field seismic data were used to perform the inversion and correction of time shifts to prove the

feasibility and effectiveness of the method.The results have shown that this method could improve the repeatability of time-lapse

seismic data and benefit further data interpretation.

Keywords: time-lapse seismic monitoring. time-shift estimation, time-shift correction,least squares,constrained inversion
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