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ABSTRACT: This paper provides an overview of the characteristics of the Borehole 

Instrument Centre for Eden Park (BICEP), a 383 m deep instrumented borehole beneath 

the new South Stand of Eden Park Stadium in Auckland, New Zealand.  The borehole 

was permanently instrumented using borehole seismographs at 26 m and 383 m depth, 

providing a three dimensional view of the dynamic characteristics of the strata beneath 

the highest point of the new stand.  The intent is also to install recording equipment 

within the stadium structure itself.  Sources of dynamic excitation include seismic events 

from below and excitation of the overlying stadium from wind and crowd movements.  

Details of the borehole construction, instrumentation setup, and initial recordings are 

provided in this paper. 

The BICEP site is part of the Strata to Structure project, which focuses on the 

development of a better understanding of the seismic and dynamic characteristics of the 

Auckland region from deep in the rock/soil strata up to the ground surface and into 

overlying structures.  It provides opportunities for both earth science and engineering 

research and encourages collaboration between these fields.  Multiple paths of research 

can be followed including soil structure interaction, seismology and geologic 

characterisation.  

1 INTRODUCTION 

The Borehole Instrument Centre for Eden Park (BICEP) is a 383 m deep borehole beneath Eden Park 

stadium constructed for earth science and engineering research.  This is the first borehole site of the 

Strata to Structure project, which aims to develop a better understanding of the seismic and dynamic 

characteristics of the Auckland region from deep in the ground up to the surface and into overlying 

structures.  Data retrieved from the borehole will open the door to new research directions by 

providing an opportunity for earth scientists and engineers to carry out integrated research projects. 

Characteristics of the borehole are presented, detailing the dimensions of the borehole and the 

construction process.  This is followed by an explanation of the methodology used to lower the 

borehole seismometers (sondes) and the grouting process.  The layout of the surface recording 

equipment is also presented, summarising both temporary and permanent equipment setup 

characteristics. 

Following the details of the construction and instrumentation, some preliminary research outcomes are 

presented. Geologic conditions at the site are detailed and the research directions using the sampled 

materials summarised.  Using data from preliminary recording of velocity data at the site, the noise 

characteristics of the site are compared at the surface and the sonde depths.  Excitation data from 

seismic events and surface sources are detailed and characteristics at the two sonde depths compared. 

2 BOREHOLE CONSTRUCTION 

The BICEP site at Eden Park stadium is located in the Auckland region as indicated by the arrow and 

solid circle marker in Figure 1a.  It is located close to the central business district (open circle) and 
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within the Auckland Volcanic Field, providing an insight into the seismicity of the downtown area.  

Within the Eden Park complex, the borehole is located behind the existing South West Stand and 

beneath the footprint of the new South Stand, as indicated by Figure 1b and c.  This position coincides 

with the tallest part of the new stadium superstructure.   The location was chosen to be within the 

footprint of the new stand, without interfering with the operations within the structure and to allow for 

easy access to the head of the borehole. 
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Figure 1 Location of borehole a) within the Auckland Volcanic Field [Homer et al. 2000]; b) in comparison with 
the Eden Park complex; c) behind existing South West Stand with indication of the footprint of the new stand 

Drilling of the borehole was carried out by Boart Longyear from 27 August to 19 September 2008 

using a truck mounted rig.  Construction of the borehole took place prior to the demolition of the 

South West stand.  Characteristics of the borehole immediately after construction are presented in 

Figure 2a and were as follows: 

 From the surface to 2.9 m depth a 254 mm (10”) ID steel conductor casing was installed and 

cemented into place 

 Through basalt layers a 254 mm (10”) diameter bit was used and the hole cased with 

203.2 mm (8”) ID steel casing, extending down to a depth of 20.3 m  

 From 20.3 m to 30 m a 203.2 mm (8”) bit was used with 152.4 mm (6”) ID PVC casing 

 Below this depth the borehole was uncased and a 152.4 mm (6”) diameter bit was used to drill 

the hole to a depth of 393 m 

Further details on the geologic conditions at the site are summarised in Section 4.  Both at a depth of 

309 m and at the base of the borehole (393 m), a single camera shot (using a Reflex EZ-SHOT 

instrument [Reflex 2008]) was taken in order to determine the inclination of the borehole.  At 309 m 

the inclination of the borehole was 2.2° off vertical, and at the base it was 1.6°, both well within the 

limiting value of 10° for the borehole seismographs. 



3 

3 INSTRUMENTATION SETUP 

3.1 Borehole Instrumentation 

Two borehole seismographs, or sondes, designed and constructed by IESE were installed to record the 

dynamic response down hole, recording in the vertical and two perpendicular horizontal directions.  

The deepest instrument, defined as the base sonde, was installed just above the bottom of the borehole 

at a depth of 382 m. The second, defined as the Waitemata sonde, was installed at a depth of 26 m 

coinciding with the top of the Waitemata strata.  Between construction of the borehole and installation 

of this equipment, material from the side of the uncased borehole partially filled the hole and reduced 

the depth from 393 m to 383 m.   
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Figure 2 a) Details of borehole characteristics with depth; b) base sonde attached to galvanised steel tremmy 
prior to lowering into borehole 

 

 

Figure 3 Internal view of IESE borehole seismometer indicating gimballed geophones. Top is to the left. 

The base sonde houses three 2Hz geophones, while the Waitemata sonde contains three 2Hz 

geophones and a MEMS (Micro-Electro-Mechanical Systems) accelerometer.  Within the sonde each 

geophone was housed in a set of two gimbals to keep each geophone orientated in the correct plane.  

Both sondes were attached to data cables that run up the length of the borehole for connection to the 

surface recording equipment.  Figure 3 provides a view of the geophones used inside the borehole 

seismometers prior to the installation of the assembly within a steel outer casing.  Moving across the 

figure from left to right are the geophones oriented within the gimbals for the vertical, horizontal 1, 

and horizontal 2 directions.  The vertical is oriented along the length of the sonde, while the 

horizontals are perpendicular to the long axis of the sonde, each at 90° to one another. 

The typical method used to lower sondes is to attach a wire rope to an eyebolt fixed to a cap at the top 
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of the sonde.  The sonde is then lowered under its own weight to the required depth.  For this project a 

different methodology was used, as the majority of the borehole was uncased, and it was desirable to 

be able to assert some pressure onto the sonde to push through any collapsed sections to the target 

depth.  The threaded top of the base sonde was fastened to the end of a galvanised steel pipe length as 

indicated in Figure 2b and 4a, which was then lowered and held using the drill rig.  This pipe had dual 

purposes, as it was also used as a tremmy to pump grout to the base of the borehole.  The Waitemata 

sonde was strapped to the side of the tremmy and thus joined to the continuous borehole length pipe.  

This is shown in Figure 4b, where the sonde rests within a custom-built cradle and is strapped at 

multiple points along its length using steel strips. 
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Figure 4 Details of the grout path (in red) and attachment of the sondes to the tremmy a) Base; b) Waitemata 

In order for the sondes to function efficiently they had to be adequately coupled to the surrounding 

stratum, which was achieved using a grout that filled the borehole volume and eliminated all voids.  In 

addition, prior to grouting, the 20.3 m length of 203.2 mm diameter steel casing was removed from the 

borehole; this minimised the casing layers between the sondes and the surrounding soil. Thus grouting 

was only required within the 152.4 mm diameter PVC casing/open hole and in the annulus between 

the borehole wall and the PVC casing. 

The pipe and the base sonde were connected using couplers and a T-section steel pipe.  Two arms of 

the T-section were left open to allow the grout to enter from above and exit perpendicular to the 

tremmy pipe, while the base of the T-section was sealed with a welded steel plate.  This ensured that 

the entire length of pipe was permanently grouted into place within the borehole.  A second plastic 

tremmy pipe was installed a metre above the Waitemata sonde to allow pumping from this depth up to 

a depth of approximately 5 m below the ground surface.  This was attached to the steel tremmy and 

lowered into the borehole, so was also permanently grouted into place.  Grout paths for the two 

tremmy’s are presented as the arrowed paths in Figure 4.  The void between the borehole wall and the 

PVC casing was filled with concrete up to a depth of 2 m.  A mix with 10 mm aggregate was used to 

provide some interlocking strength. 

3.2 Surface Recording Equipment 

The equipment used for data recording will be housed at the ground surface, using a temporary setup 

during construction of the stadium and a permanent setup once construction has commenced.  Two 

battery-run REF TEK 130-01 seismic recorders [Refraction Technologies 2008] used to digitize and 

record the data will be stored in the manhole riser during construction and periodically downloaded.  

Both will allow for continuous recording of the data from the sondes and will protect the equipment. 

The top of the borehole will be surrounded by a manhole riser and covered by a lid and manhole 

assembly at the final level of the foundation.  This setup will use a 1050 mm diameter riser with an 

internal height of 750 mm.  The borehole casing will be cut down to a level within the chamber 

created by the manhole riser unit to allow for access to the top of the borehole.  

To improve the ease of access to the permanent recording equipment, a conduit will be run from the 
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manhole riser at the top of the borehole to a secure access point external to the stadium structure.  All 

cabling will be run through the conduit and ground level equipment will be installed in the secure unit.  

Within this unit will be access to mains power to run all the equipment. Data collection will be 

undertaken either manually through collection every few weeks or will be attached to a radio link for 

transmission. 

4 SITE GEOLOGY 

The first steps have been taken towards generating knowledge from this site in the form of the 

geology. The site consists of approximately 20 m of basalt flows overlying 4.5 m of soft Tauranga 

group alluvium.  Waitemata group rock extends from this point down to the base of the borehole, 

transitioning from highly weathered to fresh rock with depth.   Samples were taken at every metre 

within the basalt and at every five metres within the underlying material in order to characterise the 

geology at the site. 

Two projects are underway involving the samples and faculty at the University of Auckland School of 

Geography, Geology, and Environmental Science: First, the clays are being studied using x-ray 

diffraction (XRD) analysis in order to test whether samples obtained by this drilling method can be 

used to determine clay mineralogy and the local sedimentation history.  Second, the samples are being 

prepared for long term storage, as faculty plan to involve students at the Master’s and/or PhD level to 

study the petrology of the samples and decipher past sedimentary processes.  

5 PRELIMINARY DYNAMIC ANALYSIS 

In terms of the geophysical/seismic results, initial recording has captured seismic events and showed 

that the equipment is functioning.  Because BICEP reduces city noise by placing seismographs in a 

quiet downhole environment, the instruments can also record small, local earthquakes and provide 

insight into the seismicity of the central city.  The borehole sondes and a surface seismometer were 

connected and data recorded from the 18
th
 – 20

th
 October 2008.  Results have been presented in terms 

of counts, as it is of interest to look at the comparative response of instruments rather than absolute 

values.  The internal amplifier of the REF TEK unit was set with a gain of 32 for the incoming signal.  

The conversions of velocity to volts for the two sensors were: 

 Borehole seismometer – 0.622V/cm/s  

 Geospace HS-1 seismometer [Geospace 2009] – 0.787 V/cm/s 

This difference in the conversion of velocity to volts was accounted for in comparisons of the noise by 

scaling the counts from the surface recorder to the equivalent counts of the borehole seismographs. 

5.1 Background Noise 

To provide an indication of performance at different depths, the background noise recorded by each 

seismograph was compared against the internal noise created by the REF TEK unit (defined as 

digitizer noise).  To determine this value the REF TEK units were shorted out and the noise recorded 

at unity and 32 gain.  At both gains the noise levels were comparable, indicating that the recorded 

signal was internal to the REF TEK unit.  As the background noise was recorded at a gain of 32, this 

was scaled back to compare both signals at a gain of unity. 

Noise level comparisons have indicated a significant reduction in noise with depth and changes in the 

characteristics of seismic signals with changing rock and soil layers.  Figure 6 compares the vertical 

noise and digitizer noise from the base sonde, the Waitemata sonde, and a surface seismometer.  Noise 

from the two sondes was plotted using the same scale, while data from the surface seismometer in 

Figure 6c required an increased scale due to larger noise levels.  Comparison of Figures 6a and b 

indicates that the noise level from the vertical sensor of the base sonde was approximately equal to the 

digitizer noise, while the Waitemata sonde noise levels were approximately twice the digitizer noise.  

Noise from the surface seismometer was much larger than the borehole seismometers, with a range 
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270% of the Waitemata sonde and 640% of the base sonde.  This data clearly indicates the 

effectiveness of placing the seismometers at depth in terms of reducing background noise. 

Similar reductions in noise characteristics with depth were also evident in the two horizontal 

directions.  These reductions were not as significant at the vertical direction, with the noise range of 

the surface seismometer 150 – 200% of the Waitemata sonde and 350 – 500% larger than the base 

sonde.  These results show that the reduction in noise with depth is also significant for horizontal data. 
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Figure 6 Comparison of digitizer vertical noise trace with; a) Base Sonde background noise; b) Waitemata Sonde 
background noise; c) Surface seismometer background noise 

5.2 Seismic Records 

During the preliminary recording period there were no local seismic events captured by the BICEP 

seismometers.  However, they recorded three seismic events from New Zealand and the Pacific. These 

events were: 

 October 19
th
 2008, 12.13 pm, 5.6 Richter Magnitude, 38.00 S 176.24 E, 200 km focal depth. 

(20 km N of Rotorua, NZ) 

 October 19
th
 2008, 2.05 pm, 4.3 Richter Magnitude, 38.22 S 177.38 E, 50 km focal depth. 

(40 km SE of Whakatane, NZ) 

 October 19
th
 2008 6.10 pm, 6.9 Richter Magnitude, 21.864 S 173.814 W, 29 km depth. 

(165 km ESE of Nuku’alofa, Tonga) 

Velocity characteristics for the October 19
th
 2008 Rotorua event recorded by the Waitemata and base 

sondes are presented in Figure 7 for the three degrees of freedom.  All data has been presented with 

the same scale to provide a clear comparison of the characteristics.  The p-wave arrival is at 

approximately 7 seconds and the s-wave at approximately 34 seconds.  The amplitude of the p- and s-

waves are very similar, which is likely to be a result of the focal depth of the event (200 km).  

Comparison of the seismic signal indicated an amplification of the amplitude from the base to the 

Waitemata sonde for all the degrees of freedom. 

Using data from the seismic events, it was evident that the peak signal-to-noise amplitude ratio 

reduced when the depth of the seismometer increased.  The Waitemata sonde produced a signal to 

noise ratio of approximately 3.5, while the value for the base sonde was equal to approximately 5.5.  

This shows that even though the amplitude of the base sonde seismic signal was smaller than the 

Waitemata sonde, the seismic signal from the base sonde was a larger multiple the background noise.  

Again comparing the Waitemata and base sonde for this event, the difference between the arrival of 

the p-wave and s-waves can be identified.  Moving from the base to the Waitemata sonde, the delay in 

p-wave arrival was 0.15 seconds and the delay in s-wave arrival was 0.42 seconds.  Assuming vertical 



7 

propagation and using the distance of 357 m between the two seismometers, these times correspond to 

average velocity characteristics through the Waitemata group material at varying levels of weathering 

of 2.4 km/s p-wave and 0.9 km/s s-wave. 

 

 

Figure 7 Seismic velocity records for Oct 19
th

 2008 Rotorua event a) Waitemata sonde; b) Base sonde 

An issue with the installation of borehole seismometers is that the orientation of the horizontal axes of 

the instrument in the borehole is not always known.  For BICEP, the orientation of both sondes was 

not known.  There are methods that can be used to determine the orientation, such as the cutting of 

slots in the casing, but as the majority of this borehole was uncased this was not possible. 

Instead of constraining the orientation of the seismometers, seismic events that have been located by 

other seismic stations can be used to determine the orientation of the seismometers downhole.  The 

process used to determine this is as follows: 

 Determine co-ordinates of the seismometer site 

 Determine co-ordinates of the epicentre of the seismic event 

 Use these co-ordinates to define the bearing (1) of line between the seismometer and the 

epicentre (Figure 8a) 

 Plot the particle motion of the seismic velocity data in the horizontal direction beginning at the 

s-wave arrival time using an assumed north direction (Figure 8b).  If a linear relationship is 

evident then the direction of the seismic wave can be approximated as a line perpendicular to 

this.  This will give a bearing for this data in the assumed axes (2). 

 The difference in the bearing of these two lines (1-2) will be the amount the axes of the 

seismometer will need to be rotated from north to define the actual orientation 

By using the data from multiple events, the orientation of the borehole seismometers can be averaged 

and refined. 
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Figure 8 Determination of orientation of borehole seismometer a) Bearing between seismometer and event 
epicentre; b) Particle motion of S-wave and wave direction 

6 CONCLUSIONS 

This paper has provided an overview of the characteristics of the Borehole Instrument Centre for Eden 

Park (BICEP) from the construction process to the details of preliminary data recording.  Borehole 

construction, seismometer installation and the grouting process used at the site were detailed, with 

testing indicating the success of the construction process.   

Analysis of samples from the site has provided some basic information on the geology in the area and 

will allow for further analysis of the geologic conditions.  Preliminary recordings presented the 

background noise conditions characteristics in the area and demonstrated the significant reduction in 

noise that can be achieved by placing seismometers at depth.  Analysis of data from seismic events has 

identified the response of the seismometers at different depths and showed that the instrumentation is 

effectively capturing dynamic response. 
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