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Measurement of hydraulic properties of soils and rocks using an unconventional triaxial system coupled to the multistep outflow method
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ABSTRACT

Understanding the transport properties of the vadose zone is a cornerstone in the preservation of aquifers and water resources. In this experimental study, an unconventional triaxial system based on the multistep outflow method is used to measure the hydraulic properties of soils and rocks at different degrees of saturation. Some of the main features of the set-up is the accuracy in the outflow measurement (1 mm3) and the possibility to apply an overburden pressure to simulate field conditions throughout the experiment. Saturated measurement is followed by the unsaturated experiment, both running on the same sample, which improves the consistency of the measured properties. Estimation of the volume change of the samples throughout the experiment is also performed. After several runs, the measurement system has been proved effective. The saturated condition is ensured by an algorithm integrated in the software which further improves the automation of the applied protocol. Hydraulic properties were obtained from a saturated state down to a one bar matric suction. The pressure translation technique helped avoid the presence of air bubbles in the system thus improving outflow measurements.
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CONCLUSION

On the whole, data from the presented unconven�onal triaxial system is consistent with the characteris�cs of the tested materials. The system has proved high versa�lity in both saturated and unsaturated experiments which have been carried out with the same lab equipment. Samples with different nature and hardness were successfully tested. Field condi�ons were simulated which is not possible when using a conven�onal setup (Temp cell). The working pressure of the pressure-volume controllers and the accuracy of measurements allow to easily reach high pressure gradients for those samples having low hydraulic conduc�vity, which cannot be obtained with a gravity-driven conven�onal set-up.
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-The accuracy of the controllers helped improve the measurement of hydraulic properties since their resolution is 1 mm This feature along with their working pressure range allowed to measure low conductivity values for some rocks.

-No tensiometers in the set-up was available which decrease tting of matric suction at the begining of each pressure step.

IMPORTANT FEATURES RELATED TO K(θ) EXPERIMENT

-K was measured for all samples with h ranging from -10 to -900 cmH O.

-K(θ) curves display caracteristic shapes according to their textures. However, values seem to be lower than those found in the literature probably because consolidation has been applied during the experiments.

-The technique has shown versatility with a wide range of samples being tested.

-The protocol allows to combine the saturated experiment with the unsaturated one, all in a single experimental setup, thus improving the consistency of measured properties.

-

  mass of water stored in the sample *ΣVi=cummulative outflow volume of water at ti *Mds= mass of the dry sample Indirect measurement of sample deformation was possible. However, local strain transducers could be used for direct measurement.
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	Sample A	Limestone	16.15	300	2.14	1.20E+00
	Sample B	Soil	0.75	10	1.30	2.81E-03
	Sample C	Weathered limestone	4.50	70	1,61	8.98E-03
	Sample D	Sand deposit	3.75	58	1.89	8.62E-02
	Sample E	Soil	1.55	20	1.36	5.71E-03
	Sample G	Weathered limestone	1.15	15	1.55	2.36E-02
	Sample H	Sand deposit	4.10	64	1.75	5.02E-02
	Sample I (rep A)	Limestone	16.15	300	2.14	2.00E-01
	Sample J	Limestone	7.50	124	2.00	1
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