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ABSTRACT
Geotechnical design of tunnels requires a level of precision and accuracy in the determination of
subsurface parameters that is more rigorous than most applications of geophysical logs. Misunderstanding
of the geo-mechanical and hydraulic properties can slow tunnel construction, increase risk and cost, and
in the worst cases, leads to failure of tunneling equipment and excavation support with potential
catastrophic results. As such, these projects demand a wealth of measurements of the subsurface by
geophysical means. Establishing the nature and condition of ground and groundwater that will impact
upon the proposed alignment and associated structures is key. This sometimes can be accomplished by
near-surface techniques, but many complex geologies require high resolution borehole measurements to
fully understand the setting for intended projects.
As a case study, we present work done in the planning of a nearshore cable tunnel for the National
Grid beneath the Menai Strait in North West Wales, United Kingdom. Advanced wireline logging was
conducted in nine boreholes along the proposed project. The expansive suite of logs, including borehole
magnetic resonance (BMR), optical and acoustic televiewer, orientated four arm caliper, gamma-gamma
density and full-waveform sonic led to an accurate understanding of the rock strength and geo-mechanical
properties (Figures 1, 2 and 4). The suite of downhole logs provided for a comprehensive interpretation
of the subsurface and allowed confidence in future planning and design.
BMR was particularly useful in identifying secondary porosity and permeability in this fractured
formation. These quantitative results were qualitatively supported by image logs showing the fracture
network (Figure 2 and 3) and gamma-gamma density logs that showed decreased response in the fractured
regions. Permeability indications were also measured by in-situ geohydraulic permeability tests using
packers, which further corroborated the geophysical measurements. Double packers were used to test
discrete areas (3-meter to 4-meter long zones) along specific sections of the borehole. The in-situ
permeability results can be used to refine and support the BMR data to provide continuous data for the
whole borehole length. This was successfully accomplished, strengthening the known concept of partially
replacing in situ permeability tests with BMR wireline data acquisition.

Figure 1. A typical example of composite log from one borehole showing geotechnical wireline logs with
correlation to BMR and packer test permeability results (far right track).

Figure 2. A Borehole deformation log contains information about borehole shape, ovality and rock
strength gathered by wireline logging. Legend shows lithology.

Figure 3. Polar plot shows directional distribution of the discontinuities picked on the Image logs. Tadpole
plots can be created for different depth intervals (right hand track).

Figure 4. Televiewer plot shows televiewer images and discontinuities visible on them. Tadpole log (on
the right hand track) shows borehole corrected dip and azimuth of the discontinuities. Color of tadpole
refers to discontinuity category (see Figure 3 for legend).

During the investigation, the typical field operation sequence of events and tests was as follows:
1.
2.
3.
4.

Drilling (combined with high pressure dilatometer testing)
Wireline logging.
Groundwater sampling.
In-situ geohydraulic permeability testing using double packers. The packer test zones were
selected based on the BMR results. Packer tests were scheduled on apparent low and high
permeability areas to corroborate the BMR results.

A wide range of wireline logging methods were deployed in the boreholes.
Orientated 4-arm Caliper, Acoustic and Optical Televiewer logging aimed to investigate borehole shape,
ovality and breakout zones, possibly providing information about the current stress field (Figure 2 and 4).
Comparison of core samples with televiewer and borehole radius data was used to determine intervals of
low borehole stability.
Discontinuity planes were picked on the orientated televiewer logs. Polar and Rose plots of the data
(Figure 4) made it possible to observe the dip and directional distribution of discontinuity planes.
Depending on the quality of the optical image it was also possible to distinguish between bedding
dip/direction and fractures in most cases (and can be supported by inspection of the rock cores).
Acoustic velocities were determined from Full Wave Sonic and P&S–Wave Suspension Logger data
(Figure 1). Along with Gamma-Gamma Density, this made that possible to calculate elastic moduli for
geotechnical analyses purposes (Figure 1 and 2).
BMR measurements provided continuous total porosity and pore-size distribution data. Permeability
estimations were also performed resulting in a continuous log based on two formulas using BMR Porosity
and T2 distribution data. Packer test-derived permeabilities were used to verify BMR permeabilities in a
later stage of the project; the difference between the two methods was generally within one order of
magnitude. Existence or lack of effect of a major fracture (visible on televiewer images) on the BMR
porosities gives some insight to the extension of the fracture. Fluid Temperature and Conductivity may
add even more details as small-scale changes on these logs may indicate movement of borehole fluid
(Figure 2).
Spectral Gamma Logging aimed to facilitate lithological correlation. It also provides information about
clay volume and quality.
Crossplots were made to investigate possible correlations between distinct measurements. A weak
correlation between Fracture Density and BMR derived permeability was observed, indicating possible
connection between permeable and fractured zones (Figure 5).

Figure 5. BMR Hydraulic Permeability – Fracture Density and BMR Total Porosity – Bulk Density
Crossplots.

