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Appendix B-5 - Installation Records
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1.0 Introduction

ScanTec Ltd was requested by Auckland Light Rail (ALR) to carry out gravity surveys as part
of geological/geotechnical investigation associated with the Auckland Light Rail project.

The principal objective of the measurements is to define the extent and thickness of the lava
flows. Work is still in progress, and the following is an interim report to advise on survey
progress and present the results to date.

Field work, data analysis and 2D gravity modelling was carried out by geophysicists Matt
Watson and Paul Vidanovich between March and June 2023.
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2.0

Gravity Survey methodology

2.1

Overview of steps in a gravity survey

A gravity survey is a complex process that involves numerous steps:

Field Work

Planning gravity station locations and survey layout ahead of the measurements.
Taking multiple measurements at each station with a gravity meter mainly at night to
reduce the effect of traffic vibration on the sensitive spring mechanism within<thé
meter.

Repeating gravity measurements at a local base station every few hours\to mionitor
and make adjustments for any instrument drift

Precision surveying using RTK GNSS

Assessment of the topography immediately around each measurement location,
which may involve conventional survey levelling téchhigues.

Data processing

corrections for tidal variation, latitude, elevation

corrections for instrument variation (drift)

corrections for terrain, which is ascomplex,procedure of dividing the surrounding
ground into segments (HamménZones)., This*uses both conventional survey and
LIDAR.

Adjusting the gravity datd's6 that it js\tied~into the NZ Primary Gravity Network, so
that absolute gravity values“Can bé determined. This is done by multiple visits to
primary gravity netwetk stations (in therDomain and also Papakura).

Assessment of the régional [gravity field, and in this case acquiring more gravity
measurements ‘on” basementwock, so that we could create a more accurate map of
the Aucklandvgravity field

Subtracting the'regionalhgravity field from the Bouguer Anomaly (ie. the processed
gravity/data)4o obtain a residual anomaly which can then be modelled.

Analysis of the data

Forwafd modelling of the 2D gravity data, which involves creating a geological model,
caleulating the gravitational effect of the model, then comparing the resulting gravity
anomaly against the observed data to obtain the closest possible curve fit.

Adjusting the geological model based on borehole data or density information, then
répeating the calculations and each time comparing it with the observed data
(residual anomaly)

At the end of the 2D modelling process, the geological model sections are combined
into a 3D dataset, from which contour maps can be generated to show the elevation
of a specific layer (eg base of basalt, thickness of basalt etc)

When new geological information is available, the gravity models can be refined
(repeating all of the above steps).
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2.2 Data acquisition
A Lacoste and Romberg (L&R) G-model gravity meter was used for this survey (Figure 1).

e Approximately 80% of readings were taken at night, to reduce the effects of vibration
from traffic noise on the gravity meter.

o Multiple gravity base stations were established and reoccupied at regular intervals during
every survey day to monitor and correct for instrument drift.

e Up to 8 readings taken at every station to ensure repeatability and multiple occupancy of
stations for quality control.

e Constant temperature regulation is required for the gravity meter. The meter temperature
was maintained at 51.7deg C for the entire survey.

Positional surveying was carried out using a RTK GPS (SKYNET, Newmarket base station).
Accuracy on stations with acceptable sky coverage was <lcm (harizontal / vertical).
Generally measurement locations were selected in locationsAthat\provided ‘adequate GPS
sky coverage.

(above) Lacoste and Romberg Model-G, gravity meter (top left). Gravity reading in progress (top right, bottom
left). RTK GPS (bottom right)
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2.3 Gravity data processing

A combination of custom software (ScanTec Ltd) and QC-TOOL (v5.0) was used for the
gravity processing was used for this survey.

Standard gravity corrections were applied to this data set which included,;
Tidal correction

Instrument drift correction

Latitude correction

Free-air correction

Bouguer correction

Inner and outer terrain corrections

Notes on Terrain Corrections @ qb

One of the most important parts of the gravity survey is the terrai ctions. 'I%Tnvolves
a very detailed assessment of the topographical variatiens urrour&g the gravity
measurement location. The correction accounts for the deviationvof the fopography from the

horizontal slab of infinite extent assumed in the bouguer@tion.
Generally the most important consideration is the i iate 3 sgrrounding the gravity
position, but terrain is assessed to 20-30km dista

For this survey the following techniques wer @ O

¢ On site assessment using survey equipment (o@sible distance, or edge of public

boundary)
e LiDAR interrogation using Zones tom developed software)
e QCTOOL terrain correcti e
Data processing for terrain corrections @arried out using custom developed software.

(Above) Arabi A2 is the main gravity base station used for this survey, and is occupied every few hours during each survey
day to monitor gravity meter stability and correct for instrument drift. Arabi A2 now has a reliable tie to the NZ Primary
Gravity Network.
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2.3 Regional Gravity Field

As part of the data processing, the regional gravity field must be subtracted from the
bouguer anomaly in order to obtain the residual anomaly, which can then be modelled.

The regional gravity field for the survey area was initially derived using data points in the
Auckland gravity database obtained from Reference Gravity Stations (GNS Science, 2023).
These gravity data points formed an approximately regular grid across the Auckland region.
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(above) initial assessment of the regional field, using a selectien @f the Auckland gravity database.

Following the initial processing” and (data reduction, it was observed that there were
limitations with this asse€ssment of the 0edl regional field, due to the coarse spread of data
points used from the GNS gravity database. The initial gravity modelling of the residual was
presenting unrealisticyforward ,medel solutions, attributed to clearly incorrect regional field
assessment.

To correct thistissue a fiew_assessment of the regional field was proposed which involved
collecting a new indepéendent regional field dataset for use with this survey. After
examination of geplogical maps and other resources, a series of 16 gravity measurements
were positioned where East Coast Bays Formation was exposed or relatively shallow lying.
Data collectionfor*the new regional field was carried out during early June (see figure
below), with gravity readings between Parnell and Mt Albert.
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2.4 Network tie to the Regional Gravity Network

The ALR gravity survey was tied to the NZ Primary Gravity Network using two stations,
Auckland Domain_C66T and Papakura_B3TW.

The tie was carried out using multiple loops in one night shift, between the network stations
and three of the local ALR gravity base stations used for this survey.

Both primary network stations were reliably located, and the tie was successfully carried out.
Night work was essential, as traffic volumes (trucks) are very high near the Papaku
Network gravity station causing gravity meter reading instability.

(above) Gravity readi Mura_B&'X’i'mary network station.
This is not an ideal ? ith he%truck affic passing through a nearby roundabout. Readings are only possible late

SR
&
O

above) Gravity readings at Auckland Domain primary network station.
Quiet location, although situated on a Watercare Reservoir.
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General features observed on the residual gravity anomaly map;

e Approximately 3.3mGals range in Bouguer Anomaly is observed across the coverage
area

e Gravity anomalies greater than 2.5mGal in magnitude are observed in the southern
section of the dataset

e Lowest gravity anomaly values in the northern and eastern sections of the dataset

3.4 2D Gravity profiles and models

2D forward modelling has carried out on this data using GM-SYS seftware (Northwest
Geophysical Associates Ltd).

The results are presented as figures 4 to 10.

Figure 4 — Gravity Line 1, Marlborough Ave
Figure 5 — Gravity Line 2, Eden Park

Figure 6 — Gravity Line 3, Sandringham Ro6ad
Figure 7 — Gravity Line 4, Balmoral Road
Figure 8 — Gravity Line 5, Arabi Streét

Figure 9 — Gravity Line 6, Watson/Ave

Figure 10 — Gravity Line 7, Patterson Ave

Parameters: Iteration 1 =gimple)3 layer{case.
Density: Basalt = 2.7g/cc, Weathered ECB,= 1.8g/cc, ECB = 2.2g/cc

Modelling ofdgravity datasgenerally requires the use of additional geological data (field
mapping, borehgle logs| other geophysical data). However in the first instance, no borehole
control was used for, thetinitial model iteration — just a simple 3 layer model with standard
density values. This is to assess the gravity data, without involving a complex geological
model. The gravitational effect of this model is then calculated and compared against the
observed gravity’data, with the objective of obtaining as close a fit as possible.

The nextuiteration of the modelling will use a geological section based on external control
data, berehole logs, downhole geophysical logs, core sampling (eg. density).

11
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3.5 Lava flow thickness based on gravity models (3D representation)

The 2D gravity model sections were merged into a 3D database and contour maps
generated.

The depth to the base of the basalt lava (gravity model) is shown in Figure 11.
Thickness of the basalt lava is indicated in Figure 12.

At present, the trends in basalt thickness are being indicated by the gravity method, without
external control (boreholes), and using simplified density information. This can be seeh in
comparison with borehole information provided in the FLOOK dataset. (see Figure-12/
comparison between borehole logs and gravity model v5.0).

In some areas the gravity model is very close to the actual basalt thickhess,as determined
through drilling information. In other areas, such as Balmoral/AfabilSandringham, the gravity
model is currently over-estimating the basalt thickness.

Geophysical analysis / modelling tasks in progress include;
o Assessment of density structure of basalt ¥sing geophysicallogs
e Using the new density model in GM-SYSMoxefine thie thickness of the basalt.

e Using lab test results on drilling core forndéensity of basalt

Following the above steps, the resulting gravity medel 'should converge with the actual
geological structure.

12
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4.0 Summary

Gravity measurements have been carried out in the Sandringham / Mt Eden areas during
March — June 2023, to assist with the geotechnical investigation for the Auckland Light Rail
project.

The gravity survey consisted of a series of 7 individual measurement lines (transects).

A 2D gravity model has been prepared for each of the lines, initially using no drillhole control
(Gravity Model v5.0), as an independent comparison to the existing geological model. The
final output consists of a series of 2D geological models. The 2D lines were then merged'into
a 3D dataset to show as a contour map of base of basalt and isopach (thickness) image;,

Additional regional gravity measurements were required to provide, asclear undetstanding of
the regional gravity field in the Mt Eden/Sandringham area and, increédsed accuracy in the
residual bouguer anomalies.

Analysis and gravity modelling is ongoing, with the current emphasis.onsefining the density
of the geological formations within the gravity model, based on geophysieal logs and drilling
core data.

Pleasegd€tume know if you have any questions relating to this technical report.

Matt Watson (MSc)
Geophysicist / Director
ScanTec Ltd

matt@scantec.co.nz
s 9(2)(a)
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