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Improvement and application of ILK flow-rate deconvolution algorithm
based on the second-order B-splines

Liu Wenchao'? Liu Yuewu® Zhu Weiyao'! Sun Hedong®

(1. School of Civil and Resource Engineering » University of Science and Technology Beijing , Beijing 100083, China;
2. Institute of Mechanics, Chinese Academy of Sciences, Beijing 100190, China; 3. Department of Gas Field Development ,
PetroChina Research Institute o f Petroleum Exploration & Development , Hebei Lang fang 065007, China)

Abstract: Inspired by the high-accuracy pressure calculation of ILK production-pressure deconvolution algorithm and based on
an equivalent convolution integral equation, the intrinsic accumulative flow data were replaced by flow rate data to carry out the
deconvolution calculation. Meanwhile, the fast solution method of deconvolution algorithm was also presented. Using the
mathematical property of deconvolution integral, a method of subsection integral was adopted according to the pressure decline
segments, so as to quickly analytically solve the sensitivity matrix in deconvolution calculation. Simultaneously, the dichotomy
was also applied to quickly search for the pressure decline segment at the data point of each flow rate set, further improving the
calculation efficiency. In-depth analyses on theoretical and actual case tests indicate that the improved ILK flow-rate deconvolu-
tion algorithm has higher calculation accuracy; especially in the initial and the later periods, the accuracy of flow rate data has
been largely improved; the calculation results for actual cases are more consistent with the production rate decline laws corre-
sponding to the unit wellbore pressure drop. In contrast with the original algorithm, the longer characteristic line segments for
representing quasi-steady state flow can be gained when analyzing the production decline, obviously improving the data fitting
effect. The improved algorithm also exhibits very high calculation speed, good stability and practicability. Therefore, the ap-
plication of this deconvolution algorithm to production decline analysis can not only effectively reduce the sensibility influenced
by data errors, but also acquire more data information, improving data fitting effects and reducing the uncertainty of interpre-
tation results.
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Table 2 Data of reservoir parameters
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Fig.4 Comparative verification of deconvolution calculation results

Table 3 Pressure data of different production periods
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Fig. 6 The constraint condition during the regularization

process for the rate deconvolution computation
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Fig.7 The effect of production rate data errors on the computation
of the characteristic parameter data for production

decline analysis by the Blasingame method
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Fig.11 The comparison of production decline analysis by the Blasingame method on the production rate data from deconvolution computations
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