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4.6 Laboratory Testing 

Cored soil samples have been taken from BH101, 103 and 104 for Atterberg Limit Tests and Particle 
Size Analysis. 

At BH101 & 102 undisturbed samples were retrieved using the Dames & Moore (D&M) method for 
cyclic triaxial testing. Cyclic triaxial testing is done to assess the liquefaction susceptibility of a 
silt/clay layer, which are present at approx. 3m – 6m bgl.  

Twelve tubes of samples were collected and transported to University of Auckland for testing. 
Three cyclic triaxial tests were conducted on three specimens, from sample tubes 101_3-3.45 and 
101_3.65-4.1. Sample tubes 102_3.05-3.5 and 102_3.7-4.15 were used for monotonic triaxial, direct 
shear and shear vane tests at WSP Hamilton laboratory.  

Following all of the cyclic triaxial tests a monotonic undrained triaxial compression test without 
reconsolidation was undertaken. 

The cyclic triaxial tests were conducted until one of the following conditions is met: 

• Excess pore water pressure becomes equal to confining pressure (i.e. Ru = 1.0); or 
• Double amplitude axial strain of 5% is achieved; or 
• 100 load cycles. 

Except the fourth cyclic triaxial test which was loaded for 20 cycles before the undrained 
monotonic triaxial test without reconsolidation was conducted. This was done to understand 
residual strength following dynamic loading but without triggering cyclic softening. The water 
content of the tested samples was measured. 

A summary of samples and laboratory testing is given in Table 7. Results are presented in 
Appendix E. 
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Summary: 

A series of Multi-channel Analysis of Surface Waves (MASW) surveys were undertaken 

at the Wastewater Treatment Plant (WTP) in Waterloo, Upper Hutt on November 13, 

2019 (Figure 1). In total, five MASW lines were undertaken. Overall the quality of the 

MASW data was good, with shear-wave velocities modelled to over 20 m depth across 

most of the site. Shear-wave velocities are around 150 m/s in the surface soils, 

increasing to over 500 m/s at 25 m depth.  

Methodology: 

MASW 

MASW is a geophysical technique that uses the dispersive nature of surface waves to 

model shear-wave velocity versus depth.  

A MASW survey is undertaken as a series of lines or points across the surface of a site. 

The MASW lines in this survey were collected using a 24-channel towed seismic array, 

with 4.5 Hz geophones. The geophone spacing was 1 m and the source offset was 10 m 

for most points, with a shorter array (0.5 m geophone spacing and 10 m source offset) 

used at the ends of some lines. The active source was an 8 lb sledgehammer impacting 

an aluminium plate. Recording parameters for the MASW survey were set with a 0.125 

ms sample interval, 1.5 s record length, high gains, and an electric trigger system. Shot 

records were collected at 4 m spacing along the lines. 

The field records were processed using the Kansas Geological Survey software package 

SurfSeis5 ©. The geometry was set according to the survey parameters and the 

dispersion curves were generated and edited. The inversions were run using a 10 layer 

variable depth model. The velocity data was interpolated into 2D Vs profiles for the 

MASW lines (Figure 2). The output shear-wave velocity data is included as a series of 

data files (CSV format), supplementary to this report. 

The midpoint of the MASW seismic array at each shot record was recorded with a 

Trimble GeoXH GPS system. The GPS points were differentially corrected and output 

using the New Zealand Geodetic Datum (NZGD) 2000, with NZTM 2000 coordinates. 

The site did not have significant changes in elevation, so the profiles have not been 

corrected for topography. 
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Results: 

Five MASW lines were collected with a total surveyed line length of ~215 m (Figure 1). 

The site had low levels of cultural noise due to traffic on some MASW lines, this was 

mitigated by real time monitoring of seismic noise and increasing the number of stacked 

shot records to improve the signal to noise ratio. 

The MASW surveys imaged the subsurface to over 30 m depth (Figure 2). Areas where 

the survey did not penetrate to 30 m have been greyed out on the 2D MASW profiles. 

Confirmation of the site geology would require correlation of the shear-wave velocities 

with intrusive tests. 
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Disclaimer: 

This document has been provided by Southern Geophysical Ltd subject to the following:  

Non-invasive geophysical testing has limitations and is not a complete source of testing. Often 

there is a need to couple non-invasive methods with invasive testing methods, such as drilling, 

especially in cases where the non-invasive testing indicates anomalies.  

This document has been prepared for the particular purpose outlined in the project proposal and 

no responsibility is accepted for the use of this document, in whole or in part, in other contexts or 

for any other purpose. Southern Geophysical Ltd did not perform a complete assessment of all 

possible conditions or circumstances that may exist at the site. Conditions may exist which were 

undetectable given the limited nature of the enquiry Southern Geophysical Ltd was retained to 

undertake with respect to the site. Variations in conditions often occur between investigatory 

locations, and there may be special conditions pertaining to the site which have not been revealed 

by the investigation and which have not therefore been taken into account. Accordingly, additional 

studies and actions may be required by the client. 

We collected our data and based our report on information which was collected at a specific point 

in time. The passage of time affects the information and assessment provided by Southern 

Geophysical Ltd. It is understood that the services provided allowed Southern Geophysical Ltd to 

form no more than an opinion of the actual conditions of the site at the time the site was visited 

and cannot be used to assess the effect of any subsequent changes for whatever reason. Where 

data is supplied by the client or other sources, including where previous site investigation data 

have been used, it has been assumed that the information is correct. No responsibility is accepted 

by Southern Geophysical Ltd for incomplete or inaccurate data supplied by others. This document 

is provided for sole use by the client and is confidential to that client and its professional advisers. 

No responsibility whatsoever for the contents of this document will be accepted to any person 

other than the client. Any use which a third party makes of this document, or any reliance on or 

decisions to be made based on it, is the responsibility of such third parties. Southern Geophysical 

Ltd accepts no responsibility for damages, if any, suffered by any third party as a result of 

decisions made or actions based on this document. 
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Becomes gravelly SAND; dark grey, medium dense, moist,
interbedded with SAND.

Becomes sand with minor gravel and trace silt; dark grey, medium
dense, moist.

.

Sandy GRAVEL; dark grey-brown, dense, moist. Minor iron
staining throughout.
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2.50m - Corase sand, minor white
grains.

3.00m - Large wood fragments.

3.50m - No wood fragments.
Lab: PSD

4.00m - Some wood fragments.

4.50m - Gravel is subrounded, fine
to 4 cm. Wood fragments.

5.00m - Subrounded gravel
fragment, 4 cm.

5.50m - Well rounded gravel, minor
wood fragments.
Lab: PSD

6.00m - Coarse sand. Abundant
wood fragments. Fine gravel,
subangular to subrounded, mostly
<0.5 cm.
6.50m - Sand is coarse. Very fine
gravel.

7.00m - Gravel is mostly fine, up to 2
cm, rounded.

7.50m - Coarse sand, gravel is
mostly fine, <0.5 cm, up to 3 cm,
subrounded to aubangular.
Lab: PSD

8.50m - Coarse sand. Gravel is fine
to 1 cm, subrounded.

9.50m - Gravel is brown, highly
weathered, fine to 3 cm.
Subrounded, some subangular
fragments. Coarse sand.
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Drilling Rig:

Checked by:Logged by:

Logged in accordance with NZ Geotechnical Society Guidelines (2005). See attached key sheet for explanation of symbols.
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Griffiths Drilling PLG Fraste

Project No.:

Location:

6 m

Coordinates:

Ref. Grid:

3-WW016.00

Project:

Client:

R.L.:

Datum:

Depth:  11.95 m

MSL (NZ Geoid 2009)

Waterloo Water Treatment Plant

Wellington Water

Inclination: Vertical

NZTM

SW corner, near train station entrance
Waterloo, Lower Hutt, Wellington

1761046 E 5435759 N

Sheet  1  of  2
Scale 1:50 @ A4

Notes: Started: Finished:

Drilling Co.:

Borehole No. BH1
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