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Abstract

This research extends the works of last year’s project. The main objective is to
directly measure groundwater velocity and direction based on electrical resistivity
tomography (ERT). The motivation for this technique is to be able to accurately and
effectively identify the direction and velocity of groundwater flow with only one
monitoring well. Last year’s project has validated the feasibility of this technique by
conducting sandbox experiments. This research will validate the effectiveness of this
technique in a real groundwater flow field. This research includes five main tasks: (1)
setup experimental site; (2) conduct tracer tests; (3) construct and validate a numerical
model for groundwater and solute transport of the tracer tests; (4) conduct electrical
resistivity tomography tests; (5) measure the direction and velocity of groundwater
flow of the test site.

The site for this study is located in National Yuanlin University of Science and
Technology. The aquifer within the site is about 20 m in depth. There are 17
monitoring wells, each screened between depths of 1.5 and 20 m, within the site. The
tracer study is divided into two stages: verification of technique and measurement of
groundwater velocity and direction. Concurrent pumping tests were conducted
during the ERT experiments. Therefore, the tracer experiments were conducted after
the groundwater flow reached equilibrium, which was approximately 2 days after the
pumping started. The tracer tests are conducted using an injection approach.
Solutions containing 2.45 g/L (5000  S/cm) of sodium chloride was injected into the
aquifer. The ERT technique in the test site was consisted of 5 testing lines, each with
16 electrodes of 1 m apart. The 5 testing lines were parallel with each other with a
spacing of 1 m. The injection volume is 250 L and the injection process lasted 5 min.
One tracer was conducted so far.

The results of the tracer study indicate the change in groundwater electrical
conductivity can be detected by the ERT technique. However, the ERT results show
insignificant movement of the concentration plume. The main reason is that the
groundwater velocity induced by the pumping process is only 0.1 m/h, which means
the concentration front moved less than 1 m during the 5 h of ERT monitoring period.

Consequently, the setup of the ERT electrode needs to be modified to address this
problem. In future tracer studies, the equilibrium groundwater flow will be analyzed



before the tracer studies and the spacing between each ERT line will be decreased to
0.25 m, whereas the distance between electrodes will be still 1 m.

A model for the groundwater flow within the test site will be constructed using
MODFLOW. The model will be calibrated and validated with the data from the
pumping tests. Afterwards, the model will be used to generate groundwater flow
field for a solute transport model constructed using MT3D.

The expected outcome of this project is to validate the technique for effectively
and accurately measuring groundwater velocity and direction.
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Well No. Abs. Horizontal axis Abs. Vertical axis Abs. Elevation(m)
BHO1 202785.755 2621451.036 48.89
BHO2 202783.206 2621450.132 48.99
BHO3 202781.853 2621446.411 48.81
BHO4 202779.080 2621449.209 48.85
BHO5 202776.490 2621451.150 48.72
BHO06 202774.205 2621453.725 48.74
BHO7 202781.455 2621453.871 48.89
BHO8 202779.909 2621442.297 48.47
BHO9 202776.681 2621444.859 48.41
BH10 202782.032 2621450.132 48.85
BH11 202776.204 2621449.043 48.83
BH16 202784.221 2621445.719 49.08
BH17 202781.655 2621448.147 49.11
BH18 202780.990 2621451.435 49.12
BH19 202778.765 2621453.917 49.03
BH20 202778.617 2621448.241 49.04
BH21 202778.295 2621443.578 49.11
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