
 

 

  
 
 
 
Project Number: 6-CD109.55 

Landslide Monitoring Report – Brockville 
 

29 June 2023 

 

CONFIDENTIAL 

 
 

  



 

 

 

©WSP New Zealand Limited 2023                                                                                                                     i 
 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 

 

 Contact Details 

 Bryce Harrison 
WSP 
197 Rattray Street 
Dunedin 
+64 3 471 5506 
+64 27 258 7439 
Bryce.Harrison@wsp.com 

 Document Details: 
Date: 29/06/2023 
Reference: 6-CD109.55 
Status: Final 

Prepared by Prepared by: 

 
  

Christopher Hall | Surveyor 
Bryce Harrison | Graduate Geotechnical 
Engineer 

 Reviewed by: 

 
 

 
Latasha Templeton | Service Line Leader – 
Engineering Geology  

 Approved for Release by: 
 

 

 

Abdul Obaid | Project Director 

NZAO30449
Image



 

 

 

©WSP New Zealand Limited 2023                                                                                                                     ii 
 

Document History and Status 
Revision Date Author Reviewed by Approved by Status 

A 29/06/2023 Bryce Harrison/Christopher 
Hall 

Latasha Templeton Abdul Obaid Final 

 

Revision Details 
Revision Details 

A  Final 

 

  



 

 

 

©WSP New Zealand Limited 2023                                                                                                                     iii 
 

Contents 
Disclaimers and Limitations .....................................................................................................................................................................5 

Executive Summary ....................................................................................................................................................................................... 6 

1 Introduction ........................................................................................................................................................................................... 7 

2 Survey Monitoring ............................................................................................................................................................................. 7 

2.1 Monitoring History .............................................................................................................................................................. 7 

2.2 Methodology ........................................................................................................................................................................... 7 

2.3 Accuracy ...................................................................................................................................................................................... 8 

2.4 Future Monitoring ............................................................................................................................................................... 8 

3 Monitoring Results ............................................................................................................................................................................ 8 

4 Rainfall Data ........................................................................................................................................................................................... 8 

5 Conclusions and Recommendations................................................................................................................................ 10 

List of Figures 
Figure 1: Measured monthly rainfall compared with average monthly rainfall (CliFlo.niwa.co.nz). ... 9 

List of Tables 
Table 1: Summary of recorded displacements. .......................................................................................................................... 6 
Table 2: Summary of deformation monitoring results since the previous and base surveys. ................ 8 
 

List of Appendices 
A Mark Displacement Diagram  
B Selected Monitoring Charts  
C Cumulative Monitoring Results Spreadsheet 
D Geodetic Parameters 
E Network Adjustment Report 
  



Project Number: 6-CD109.55 
Landslide Monitoring Report – Brockville 
 
 

©WSP New Zealand Limited 2023                                                                                                                     5 
 

Disclaimers and Limitations 
This report (‘Report’) has been prepared by WSP New Zealand Limited exclusively for Dunedin 
City Council (‘Client’) in relation to the landslide monitoring at selected sites in Dunedin 
(Landslide Monitoring Long-Term SoW DCC Reference 9662). The scope of this report is to 
present the survey monitoring results and recommendations for future surveys for the site 
(‘Purpose’). The findings in this Report are based on and subject to the assumptions specified in 
the Report. WSP accepts no liability whatsoever for any reliance on or use of this Report, in whole 
or in part, for any use or purpose other than the Purpose or any use or reliance on the Report by 
any third party.   
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Executive Summary 
A survey of the Brockville site was undertaken in December 2022 to assess the extent of 
movements compared with previous surveys. Deformations found to exceed the accuracy of the 
survey (±15 mm horizontal, ±20 mm vertical) are presented in Table 1. 

Table 1: Summary of recorded displacements. 

 Horizontal Vertical 

Displacements from the previous survey <15 mm -30 – -22 mm 

Displacements from the original survey 17 – 20 mm -48 – +32 mm 

 

The results indicate that deformation is continuing. We recommend the next survey to be 
undertaken in late-2023 and a review of the viability of remote monitoring be completed in 
conjunction with WSP. 
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1 Introduction 
WSP New Zealand Limited (WSP) have been commissioned by Dunedin City Council (DCC) to 
undertake monitoring of 12 landslide sites around Dunedin. The purpose of monitoring is to 
identify the trend and magnitude of movements and provide recommendations for future 
monitoring. 

This report presents a summary of the factual survey monitoring results for the Brockville site, as 
well as monitoring recommendations. A mark displacement diagram is provided in Appendix A. 

2 Survey Monitoring 

2.1 Monitoring History 

Previous surveyors Clark Fortune McDonald (CFM) set-up the Brockville monitoring site, installed 
marks and carried out a baseline survey in 28-29 July 2020. The first comparative monitor was 
carried out by WSP Surveyors on 17 November 2021. The third survey to date covered in this 
report was carried out on 20th December 2022. 

2.2 Methodology 

The equipment used were 2 x Trimble R8-3 GNSS receivers and one Trimble R8-2 receiver 
utilising static methodology of 1-hour occupations logging data at a rate of 1 second. 

2.2.1 Field Survey  

The R8-2 receiver was used as a local base station logging continuously throughout the day over 
existing control point IS Fraser’s Gully. Initially, the two R8-3 receivers were set up on the control 
marks IS Dalziel Rd and IS Reservoir to confirm the accuracy of the survey. Following this, the two 
receivers were moved following a 1-hour occupation to monitor marks as distant as possible to 
establish long baselines. Simultaneous mark observations would overlap for as long as 30 
minutes creating a strong, braced network of local baselines. 

Each monitor mark was setup using a wooden tripod with optical plumet. Receiver heights on 
control points were measured by steel tape. 

2.2.2 Office Processing  
Baselines were processed using Trimble Business Centre post-processing software. Static data 
from permanent base stations OUSD and DUND were combined with the local base station 
static data from IS Fraser’s Gully.  

Either TBC or SNAP are appropriate software to use for processing this monitor. A multi 
constrained adjustment holding DUND, IS Dalziel Rd, IS Frasers Gully & IS Reservoir fixed was 
used to isolate 3 vectors that contained greater error than expected, these were enabled as a 
check only, resulting in a Network Reference Factor of 1.12, passing the Chi-Square test and 
proving acceptable fit of control mark coordinates to measurement. A minimally constrained 
adjustment holding OUSD fixed was used in the reporting of results with a Reference Factor of 
1.04 proving the network errors are close to anticipated for the method. Having a CORS station 
nearby (3.5km) with 1 hour static baselines makes for a good permanent off-site reference and 
check on local control. See appendix for processing report. 

2.2.3 Geodetic Parameters 

The survey was completed in NZ Geodetic Datum 2000 North Taieri circuit in accordance with 
previous surveys. Vertical datum is the WGS84 Ellipsoid heights. Deformation model has been 
applied. Further details are included in Appendix D, it is important these parameters are 
maintained for future monitors.  
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2.3  Accuracy 

The survey has been undertaken to the following accuracy: 

•  Horizontal position:  +/- 15mm (@ 95% CI)   
• Vertical position:  +/- 20mm (@ 95% CI)  

These accuracies apply to marks with reasonable sky visibility. 

2.4   Future Monitoring 

We note that some of the marks, in particular MIS1, MIS6 and MIS8 are located in challenging 
GNSS environments and while new technology receivers will go some way to improve accuracy, 
in future alternative survey methods or alternative marks may need to be considered in order to 
maintain survey accuracy. 

3 Monitoring Results 
The cumulative results spreadsheet is presented in Appendix C. A summary of the monitoring 
results is presented in Table 2.  

Table 2: Summary of deformation monitoring results since the previous and base surveys. 

 Deformation since previous survey Deformation since base survey 

Horizontal Vertical Horizontal Vertical 

Average < 15mm <20 mm <15mm <20 mm 

Maximum < 15 mm  -30 mm 20 mm -48 mm 

 
 

4 Rainfall Data 
A summary of the rainfall data since the previous survey is presented below in Figure 1. The 
rainfall data was retrieved from the NIWA (National Institute of Water and Atmospheric 
Research) National Climate Database website (CliFlo.niwa.co.nz) using the Musselburgh Station 
(Agent ID #15752).  
 
Mean monthly rainfall is calculated for the “Dunedin Area” using the available data from 
Musselburgh Station from the earliest rainfall measurement (August 1997) to the time of the 
latest survey iteration (December 2022). 
 
A significant rainfall during July 2022 is evident in Figure 5, whereby 234 mm was recorded in the 
calendar month, including 98 mm on 13 – 14 July and 95 mm on 26 – 28 July 2022. 
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Figure 1: Measured monthly rainfall compared with average monthly rainfall (CliFlo.niwa.co.nz). 
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5 Conclusions and Recommendations 
The maximum displacements recorded since the base survey was completed are as follows: 
 
• 20 mm horizontally, 
• -48 mm vertically. 

As surveying of this site had begun in July 2020 with only two subsequent survey iterations, it is 
not possible to establish a conclusive assessment of the long-term deformation rate. The trend 
that has been exhibited across most of the marks over the previous two survey iterations has 
shown that the marks are moving in the north-west direction.  

Due to the above, additional surveys will be required to provide more detail of the nature and 
rate of movements occurring across the marks. It is recommended that the surveys occur one or 
two-yearly intervals. Surveys should continue to adopt the methods described in Section 2 to 
facilitate capturing a reliable history of survey data. 

 



 
 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Appendix A  
Mark Displacement 
Diagram 
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Appendix B  
Selected Monitoring Charts 
 

 



 

 

 



 

 

 



 
 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Appendix C  
Cumulative Monitoring 
Results Spreadsheet  
 

 



 
 

 

 

 

 

 

 

 

 

 

 

 



 
 

 

 

 

 

 

 



 
 

 

 

 



 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Appendix D  
Geodetic Parameters 
 



 

 

 

 

Figure B1: Coordinate System 

 

Figure B2: Transformation Parameters 

 
 

Figure B3: Projection Settlings 

 

 

Figure B4: Vertical Datum 



 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Appendix E  
Network Adjustment 
Report 
 

 



 
 

 

 



 
 

 

 



 
 

 



 
 

 

 



 
 

 

 

 

 



 

 

 




