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Highly Precise Evaluation of Hydraulic Constants of
Low-Permeability Rocks Using the Transient Pulse Method
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a. Assistant Professor, Division of Sustainable Resources Engineering, Faculty of Engineering, Hokkaido
University, Nishi 8, Kita 13, Kita-ku, Sapporo, Hokkaido, 060-8628, Japan (Corresponding author,
E-mail: kato@geo-er.eng.hokudai.ac.jp)
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Industrial Science and Technology (AIST), Site Central 7, 1-1-1 Higashi, Tsukuba, Ibaraki, 305-8567, Japan

c. Professor, Division of Sustainable Resources Engineering, Faculty of Engineering, Hokkaido University

The transient pulse method is suitable for measuring hydraulic constants of low-permeability rocks in the
laboratory. This method is established and reliable; however, there is room for improvement. In this study, we
examined analytical solutions of the transient pulse method and introduced a versatile technique of precise test
data analysis with sensitivity analysis and experimental error estimation that is based on the nonlinear least-squares
method and is applicable to other permeability tests. We also carried out highly precise transient pulse permeability
tests in the laboratory and obtained highly precise experimental data. Based on the results, we validated our
proposed data analysis technique based on nonlinear least squares.

We conducted transient pulse permeability tests using Inada granite, which is a low-permeability rock, and
evaluated its hydraulic constants (hydraulic conductivity and specific storage) using the exact solution of the
transient pulse method. We estimated the experimental error between the analytical solution and the experimental
data simultaneously. When the approximate solution is used, we can increase precision by considering the
compressible storage of the upstream and downstream reservoirs and tubing, which is estimated by a calibration
test, instead of considering only water compression. Sensitivity analysis revealed that the sensitivity of the
hydraulic head difference between the upstream and downstream reservoirs in terms of hydraulic conductivity is
an order of magnitude greater than that in terms of specific storage. This means that the relative error of hydraulic
conductivity obtained in a laboratory test is an order of magnitude less than that of specific storage. In precise
experiments, control of the room temperature is important because the fluids used in pore and confining lines have
thermal expansion characteristics that are sensitive to temperature variation, and the differential pressure transducer
is also directly affected by temperature change. The pressure pulse should be as small as possible because if a large
change in pressure occurs, the effective stress state of the specimen changes and the permeability changes with it.
KEY WORDS: Permeability Test, Granite, Hydraulic Conductivity, Specific Storage, Sensitivity Study, Error
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Fig.1  Schematic of the transient pulse method:
a specimen connected by two reservoirs.
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Photograph of specimen assembly. Specimen is pinched by
a couple of end caps, covered with black Viton jacket, and
applied by silicone sealant. Pore water lines connect end
caps to the reverse side of the lid of the pressure vessel.
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Fig.4 Photograph of pressure vessel with tubing panel, which
includes valves, pressure transducers, and differential
pressure transducer in the center, put in the inside chamber
of the permeability test system.
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Fig.5 Variations of hydraulic head distribution within a specimen
and head difference during the transient pulse test.

1 T P T T
o Experiment
0.8 Theory B
E 0.6 b
Noal- 8
02 % 1
0 L
0 02 04 06 08 1
Time (s) [X10°]

Fig.7 Experimental data of hydraulic head differences obtained
by seven times of transient pulse tests with theoretical
decline curves. These are displayed by 4000 s.
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Table 1  Statistics of hydraulic constants of Inada granite measured by the
repetition transient pulse method under the conditions of 2 MPa

confining pressure and 1 MPa pore pressure.

Standard Coefficient of
Mean
deviation Variation
Hydraulic 5.55x107"? 0.08x107"2 0.014
conductivity m/s m/s
Specific 0.18x107* 0.04x107* 0.22
storage I/m 1/m
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Fig.9 Experimental data of hydraulic head differences at each

confining pressure obtained by the transient pulse tests
with theoretical decline curves.
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obtained by different analytical solutions.
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