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Determination of hydraulic fracture closure pressure based on total system stiffness method: Case

studies

Abstract: [Objective] Hydraulic fracturing is one of the most widely used and ISRM-recommended techniques for in-
situ stress measurement in rock masses, where a key step is determining closure pressure from the pressure-decay curve as
a proxy for the minimum horizontal principal stress. Conventional interpretation methods mainly rely on tangents or best-fit
lines to analyze the pressure-decay rate, making the result highly sensitive to the selected time window and lacking clear
physical representation of fracture closure, which introduces uncertainties in closure pressure and stress evaluation.
[Methods] This study proposes a method based on the evolution of Total System Stiffness (TSS), in which the pressure-
decay curve after shut-in is transformed into a TSS curve to better capture fracture-closure behavior, and the method is
applied to hydraulic-fracturing datasets from different boreholes, lithologies and depths. [Results] The evolution of TSS
after shut-in can be divided into three main stages whose features can be used to identify upper and lower bounds of closure
pressure and to evaluate whether the pressure curve is suitable for in-situ stress interpretation; closure pressures obtained in
this way show reduced sensitivity to the choice of time window compared with conventional approaches. [Conclusion]
The TSS method provides clear physical meanings for the beginning and end of fracture closure and determines closure
pressure directly from pressure data, without fitting or extrapolation. [Significance] The method offers a practical tool for
improving closure-pressure interpretation and is expected to be widely applicable in hydraulic-fracturing-based in-situ
stress analysis.
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Fig. 1 A simplified sketch of HF test equipment setup and the borehole—fracture—formation system

Vi—cumulative injected fluid volume; V.—volume of the fracturing interval and drill string; A-—area of the hydraulic fracture; Vr—volume of

the hydraulic fracture; Vi (f)—cumulative fluid leakoff volume
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Fig.2 The idealized curve in hydraulic fracturing measurements
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8.20 m; (f) Gneiss, depth 38.50 m; (g) Granite, depth 14.00 m (horizontal borehole); (h) Granite, depth 17.00 m (horizontal borehole)
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Fig. 5 The TSS method analysis results of the last re-opening cycle in each hydraulic fracturing measurement interval

(a) Granite, depth 797.00 m; (b) Granite, depth 930.00 m; (c) Limestone, depth 512.00 m; (d) Siliceous rock, depth 1446.00 m; () Gneiss, depth
8.20 m; (f) Gneiss, depth 38.50 m; (g) Granite, depth 14.00 m (horizontal borehole); (h) Granite, depth 17.00 m (horizontal borehole)

The blue arrows indicate the inflection points for identifying fracture-closure behavior.
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