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Abstract

The challenge of seepage characterization for complex structures of multi-branch horizontal wells
is addressed in this paper through a semi-analytical well testing model based on line-source discreti-
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zation and Laplace transform. Newman’s product principle enables the discretization of multi-
branch wellbores with arbitrary configurations into finite line-source segments, which, combined
with the superposition solution method in the Laplace domain, establishes a transient seepage
mathematical model for complex branch structures in box-shaped reservoirs. This model over-
comes the geometric limitations of traditional point-source methods, facilitating the modeling and
solution of multi-branch horizontal wells with arbitrary configurations. The Stehfest numerical in-
version technique ensures efficient calculation of bottom-hole pressure, and case studies on dual-
branch wells identify eight typical flow stages. Sensitivity analyses of basic reservoir and wellbore
parameters summarize the influence laws of different factors on flow stage characteristics. This
model provides a universal theoretical tool for well testing interpretation and optimization design
of multi-branch wells with arbitrary structures.
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Figure 1. Schematic of a multi-branch horizontal well in a box-shaped reservoir
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Figure 2. Diagram of the wellbore discretized into line source
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Table 1. Reservoir and well basic parameters used for model validation
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Figure 3. Comparison of dimensionless pressure and pressure derivative curves between the proposed model and the analytical
solution
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Figure 4. Flow regime zoning of pressure/derivative log-log curves for dual-branch horizontal well
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Figure 5. Wellbore storage effect in dual-branch horizontal wells
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Figure 7. Branch length sensitivity in dual-branch horizontal wells
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Figure 9. Horizontal-to-vertical permeability ratio in dual-branch horizontal wells
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Figure 12. Reservoir height effect in dual-branch horizontal wells
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