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When a tunnel or gallery is excavated in deep underground such as for the geological isolation of
high-level radioactive waste (HLW), an excavation disturbed zone (EDZ) will likely develop around the
tunnel or gallery. In the EDZ, some characteristics of the rock mass will change. For example, the rock
mass will be damaged to varying degrees depending on the relationship between strength of the rock and
the effective in situ stresses. Consequently, permeability of the rock mass will change due to the
development of damaged rock or with the re-distribution of stresses or both. And eventually, an unsaturated
zone around the tunnel will develop and expand as water pressure decreases due to water flow toward and
into the tunnel. Such changes in the characteristics of the rock mass will affect the results of the assessment
of migration of radionuclides and will need to be taken into consideration in the safety assessment.
Therefore, estimation of the various characteristics of an EDZ is required.

Seismic tomography is a geophysical exploration method that has the capability of imaging the
conditions inside a rock mass based on the analysis of survey results and is an effective technique for
investigation of changes to the rock mass around a tunnel. When a conventional seismic tomography
survey at the tunnel scale of investigation is applied to characterizing an EDZ, the survey is done using a
large-scale system that is costly, disrupts construction and very time consuming to implement. Realistically,
surveying with this system is only done before and after tunnel excavation in order to determine changes in
rock mass characteristics due to tunnel opening. However, repeat surveys in conjunction with tunnel
opening are also required to track development of and variations in the EDZ with time.

The Horonobe Underground Research Laboratory (URL) Project being carried out by JAEA at
Horonobe Town involves research and development on the geological disposal of HLW and includes
important objectives such as understanding the mechanism at work in the development and evolution of an
EDZ around tunnels and modeling of EDZ behaviour. Therefore, we focused on a specific part of a new
tunnel to determine variations in the EDZ due to the tunnel opening and performed repeat seismic velocity
surveys as excavation of the tunnel progressed. For this survey, we developed a simplified seismic velocity
survey system that would not disturb construction and the time schedule for excavation of the tunnel.

The simplified seismic velocity survey system developed consists of a hammer to transfer seismic
energy from one borehole to receivers installed and anchored in a separate borehole. The hammer is
operated with compressed air, necessitated by the potential presence of flammable gas such as methane.
The system developed was applied to the EDZ experiment in a horizontal tunnel. Changes in seismic
velocity were monitored during excavation and the tomograms obtained are high quality. These results
show that the system developed is applicable to monitoring the development and variation of the EDZ.
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