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Recently it has been observed that Japan is struck more frequently by large typhoons
and sudden heavy rainfalls, with precipitation far exceeding previous records in many
parts of the country. A part of the precipitation infiltrates into the ground, causing the
groundwater table to rise. This reduces the effective stresses of the ground and leads to
slope instability, thereby increasing the risk of landslide disaster. Another groundwater-
induced disaster scenario is associated with construction of underground structures,
such as tunnels. The underground construction is carried out in an environment below
the groundwater table with high water pressure, which poses risks to construction
safety, such as face collapse and large amounts of groundwater inflow.

A common issue for construction work in landslide areas and underground is to
accurately predict water level fluctuations caused by rainfall and excavation in order to
design measures, for which one of the effective methods is the application of three-
dimensional (3D) seepage analysis. With the advancement of computer technology, the
number of nodes being processed in 3D seepage analysis has increased, making it
possible to construct more sophisticated models. However, building models including
drainage works such as drainage boreholes and tunnel structures in complex geological
formations is still time-consuming. Detailed modelling results in increase in the number
of nodes, which increases the analysis time, and makes it difficult to apply the method
1n situations where analysis results need to be presented promptly. This is the challenge
of 3D seepage analysis.

To address above issues, a seepage analysis method called the “virtual drain model”
was developed to analyze the effects of groundwater drainage works without modelling
them. In this study, the applicability of the virtual drain model in the field was verified
by (i) comparing it with the analysis results obtained by conventional seepage analysis,
and (ii) comparing it with the measured data collected in the field. The field data were

collected from the Yuzurihara landslide area, the site for the landslide control project



directed by the Ministry of Land, Infrastructure and Transport, and the Koba tunnel
site of the Kyushu Shinkansen.

Comparing the results between the conventional seepage analysis methods and the
virtual drain model, a high degree of agreement was found in the volume of groundwater
discharge and the extent of area affected by groundwater drawdown. It was also found
that in the case of tunnel excavation, the results of conventional seepage analysis
methods were significantly influenced by the density of the model grid-size in the
excavation direction, whereas the results of the virtual drain model were unaffected.
This is an advantage of the virtual drain model, as it means that when tunneling passes
through geological formation with varying hydraulic conductivity, changes in the
discharge according to the hydraulic conductivity of the ground can be sufficiently
simulated.

For the validation of the virtual drain model applied in the field, a sensitivity analysis
of input parameters such as hydraulic conductivity was first carried out for the
preliminary water table before the implementation of drainage works and tunnel
excavation, and then highly correlated parameters were identified.

Using these best-fit parameters, the virtual drain model was used to simulate the
drainage boreholes of each of the control works in the Yuzurihara landslide area. The
history of the control works in the Yuzurihara landslide area were divided into three
periods, and the analysis results predicted by the virtual drain model were cross-
checked against the base groundwater level decreasing in each period and discharge
measured in the field. The analysis results showed that the groundwater level
drawdown due to the drainage effect was observed for each period, and the total volume
of discharge from the drainage boreholes was also consistent. However, water levels in
some boreholes were not adequately simulated, suggesting the necessity to incorporate
the local hydrogeological structure into the model.

In the study of the Koba Tunnel, the virtual drain model was used to simulate the
tunnel excavation, and the groundwater inflow rate was compared with field
measurements. The excavation process was accurately simulated according to the
actual construction records. As a result, the groundwater inflow rate in the tunnel
predicted by the virtual drain model was highly accurate with respect to the field
measurements. This was presumably because the hydraulic conductivity of the aquifer
was obtained at several locations in the Koba Tunnel through in-situ hydraulic
conductivity tests, and based on the results of these tests, the hydraulic conductivity
was optimized through sensitivity analysis of the preliminary water table. Therefore,

the virtual drain model was found to have high prediction accuracy under conditions



where the hydrogeological structure of the site was modelled sufficiently.

It 1s concluded that the virtual drain model has a practical applicability in the field
according to the results of the above verification. The obtained analysis results were
also used to visualize the surrounding area affected by the water table-drawdown due
to implementation of drainage works and excavation. By combining these visualization
techniques with the results of the virtual drain model, it is possible to visually obtain
information on the performance of countermeasures and knowledge on groundwater
conservation. With the virtual drain model, the analysis results can be updated
promptly using new geological and measurement data collected in the field, making
information construction method more accessible, where prediction results are utilized

for subsequent construction step.



