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1. INTRODUCTION 

  
1.1 My full name is Clive Kenneth Anderson. I am a Principal Geotechnical 

Engineer at Golder Associates (NZ) Limited (Golder).  

 
1.2 I have been employed by Golder since February 2009. Prior to that, I was 

a Principal Geotechnical Engineer at URS New Zealand.  

 
1.3 I have a BE (Civil Hons) from Canterbury University with a Masters in Soil 

Mechanics and Engineering Seismology with distinction from Imperial 

College, London University. I have 30 years' geotechnical experience in 

New Zealand, Western Australia, Indonesia, Singapore and Fiji.  I am also 

a member of the Institution of Professional Engineers New Zealand, the 

New Zealand Geotechnical Society and the New Zealand Society for 

Earthquake Engineering.   

 

1.4 Since November 2010, following the first Canterbury earthquake, I worked 

with AMI Insurance Limited, now Southern Response Earthquake Services 

Limited (Southern Response), in the assessment and reporting of 

earthquake-related foundation damage to residential buildings.  Within 

Golder, I have been involved with the development of our cone penetration 

testing to test for liquefiable soils, and with Golder Construction, a 

contracting arm of Golder, which undertakes ground improvement work for 

liquefiable ground. 

 

1.5 During the assessment of Plan Change 1 to the Canterbury Regional 

Policy Statement (CRPS) - a chapter titled Development of Greater 

Christchurch - I provided evidence on liquefaction issues to the Canterbury 

Regional Council.  Similarly I provided liquefaction related evidence in the 

Environment Court on Plan Change 22, concerning the proposed Belfast 

Styx Centre, Plan Change 45 for the proposed Christchurch Golf Club 

Resort and the Plan Change Hearing for the proposed Highfield Park 

Subdivision. 

 

1.6 I am an accredited person on the Christchurch City Council (Council) 

register for the engineering of rockfall protection measures.  I am also a 

member of the Council's Senior Engineering Advisory Panel.   
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1.7 Currently I am seconded to the Council part-time to assist with the 

evaluation of the foundation aspects of building consent applications.  This 

role requires me to liaise closely with applicants to ensure that their 

designs meet the requirements of the NZ Building Code, particularly with 

respect to liquefiable ground. 

 

1.8 I have been or am acting as an expert witness to the High Court on matters 

of liquefaction and its impact on residential house foundations in 

Christchurch, for Southern Response. 

 

1.9 I have previously assessed and provided assessments of liquefaction 

issues for the design of the Sulphur Point Wharf extension in the Port of 

Tauranga (2012/13) and I am currently engaged in the investigations of 

liquefaction and other earthquake related effects on reclaimed ground for 

projects in the Port of Napier and Port of Tauranga. 

 

1.10 I have been engaged by the Council to give evidence in relation to 

submission #915 pertaining to the inclusion of reclaimed land at Lyttelton 

Port within Liquefaction Assessment Area 1 (LAA1). 

  

1.11 My involvement in the project to date has been: 

 

(a) to examine Submission #915 relating to the inclusion of reclaimed 

land at Lyttelton Port within LAA1; 

(b) attendance at the pre-hearing caucusing and participation with 

other expert witnesses in discussions on matters pertaining to 

liquefaction in the pRDP.  This resulted in me agreeing to the 

"Joint Statement of the Liquefaction Sub-Panel" dated 13 January 

2015, prepared as part of the caucusing (refer Appendix 1); and 

(c) A visit to Lyttelton Port to view earthquake damage after the 

earthquakes was undertaken on 23rd February 2012.  I have not 

visited the Port again for the purposes of preparing this evidence. 
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1.12 I confirm that I have read the Code of Conduct for Expert Witnesses 

contained in the Environment Court Practice Note 2014 and that I agree to 

comply with it. I confirm that I have considered all the material facts that I 

am aware of that might alter or detract from the opinions that I express, 

and that this evidence is within my area of expertise, except where I state 

that I am relying on the evidence of another person.   

 

1.13 The key documents I have used, or referred to, in forming my view while 

preparing this brief of evidence are: 

 

(a) PORTTALK, Community Newsletter Winter 2011, published by the 

Lyttelton Port Company (LPC or Port Company);  

(b) the Request for Expressions of Interest for Wharf and Seawall 

Stabilisation (WASS) Contract 1819 by LPC  dated 23 October 

2012 (the WASS EOI). The WASS EOI included, as Attachment 1, 

a geotechnical report titled Opus, 2 November 2012: LPC CQ3 at 

CQ2 Wharf and Seawall Stabilisation Geotechnical Data.  This 

report by Opus contains details of the earthquake damage to the 

reclaimed land at Cashin Quay. 

(c) the Joint Statement of the Liquefaction sub-Panel dated 13 

January 2015 prepared as part of the caucusing;  

(d) the Natural Hazards Proposal (Proposal); and 

(e) the evidence of Mr Peter Kingsbury. 

 

1.14 As mentioned above I attended expert technical caucusing along with Mr 

Peter Kingsbury for the Council, and Mr Nicholas Traylen and Mr Michael 

Jacka who were representing the Ministry of Building, Employment and 

Innovation (MBIE) and Ngai Tahu respectively.  The objectives of this 

caucusing were to: 

 

(a) provide technical advice on liquefaction; and 

(b) consider issues raised by submitters about the Natural Hazards 

Proposal; and 

(c) provide technical advice on those issues to the planning group. 
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1.15 The experts agreed on all matters discussed.  Of relevant to this statement 

of evidence, the Lyttelton Port Reclaimed Land is addressed at (G) of the 

caucusing report, recording that the experts agreed that: 

 

Considering the following facts: 

  Severe lateral and vertical movement was observed of 

reclaimed land at the Port, and 

 The Port is a vital lifeline for post-earthquake and business 

recovery 

It was agreed that it was appropriate that the RDP has 

included the reclaimed land at Lyttelton Port within the 

defined LAA1 area (my emphasis). 

 

2. SCOPE 

 

2.1 The specific part of the Proposal that my evidence relates to is the 

identification of reclaimed land at Lyttelton Port as being within the LAA1 

overlay.  This evidence is provided in light of specific relief sought by the 

Lyttelton Port Company in its submission [Submission #915] – in 

particular Annexure 2 of the submission, and the submission on Rules 

5.9.1 and 5.9.2 seeking to alter its status and to remove the LAA1 overlay.   

 

3. EXECUTIVE SUMMARY  

 

3.1 The reclaimed land at Lyttelton Port is within the LAA1 overlay in the 

pRDP.  The Port Company seeks in its submission that activities on the 

land be given a Controlled rather than Restricted Discretionary activity 

status and that the mapping of that land as being within LAA1 be removed. 

 

3.2 Reclaimed land in Lyttelton Port experienced significant earthquake 

induced movement in the recent Canterbury earthquake Sequence as 

reported by LPC (WASS EOI and PORTTALK Winter 2011, LPC).  Even 

though the cause of land movement may not have met the geotechnical 

definition of liquefaction, the movement was induced by strong earthquake 

shaking and it will take a number of years to fully repair as stated by the 

Port Company.  The experience of reclaimed land movement and 

associated damage to the Port is consistent with the earthquake related 
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performance of reclaimed land internationally.  Such land is often left in a 

loose, uncompacted state by the reclamation process, which leaves it 

vulnerable not only to dynamic earthquake loads but to static loading from 

heavy structures. 

 

3.3 Further the Port is a vital component of the South Island's economy and 

would be critical to the post-earthquake recovery in future major 

earthquakes. 

 

3.4 Consequently in my view it is appropriate for the pRDP to provide for the 

hazard management of the reclaimed land at Lyttelton Port by identifying 

that it is potentially vulnerable to earthquake shaking and to manage 

activities that take place on it.  Given this position, in my opinion the LAA1 

overlay is appropriate and should be retained.   

 

4. BACKGROUND 

 

4.1 Extensive damage to reclaimed land occurred in Lyttelton Port due to the 

Canterbury Earthquake Sequence as reported by the Port Company, with 

lateral movement of up to 1 m occurring in the Feb 2011 earthquake and 

further movement on 13 June 2011 in a major aftershock.  Ongoing 

settlement may require twice yearly pavement repairs for five years from 

2011 (WAAS EOI and PORTTALK Winter 2011, LPC). 

 

4.2 Reclaimed land in port areas is well known from international observations 

of performance in strong earthquakes to be vulnerable to the effects of 

strong earthquake shaking.  These effects can include liquefaction, cyclic 

softening leading to a loss of shear strength in cohesive soils and 

consequent lateral spreading toward the sea, and the settlement of loose 

soils and fill. These movements impact surface structures, buried 

infrastructure and wharf facilities Some of these effects were observed on 

the reclaimed land in Lyttelton Port, particularly land settlement and lateral 

movement (WASS EOI and PORTTALK Winter 2011, LPC).  I observed 

some of these effects on reclaimed land adjacent to wharf structures on 

Cashin Quay during a site visit with LPC staff on 23 February 2012. 
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4.3 The significant damage to port facilities that occurred during the 

Canterbury Earthquake Sequence resulted in a large insurance claim and 

will take  several years to effect the repairs. 

 

5. ASSESSMENT OF THE LAA1 OVERLAY AT LYTTELTON PORT 

 

5.1 The reclaimed land at Cashin Quay, where key wharf structures are 

located was "developed by end dumping of rock fill into the harbour on an 

advancing front from the north east end of Cashin Quay southwest towards 

the existing harbour mole.".  During fill placement numerous, but expected, 

deep-seated rotational failures occurred involving the weak, seafloor 

clayey silt.  However, geotechnical investigations by Opus International 

Consultants Limited for LPC stated that "However, recent investigations 

show that a significant thickness of weak clayey silt remains beneath the 

reclamation fill and is responsible for the large displacements experienced 

during the recent earthquakes".  The depth of the reclamation fill is 14 to 

20 m. (WASS EOI, Opus report Section 2.1). 

 

5.2 The geotechnical investigations report by Opus states:  

 

The Lyttelton Port of Christchurch (LPC) sustained extensive 

physical damage to some of its assets in the recent Canterbury 

earthquakes.  Much of the damage has occurred from 

translational and rotation movement of the reclamation fill seaward 

causing bending of the wharf piles and distress to pavements on 

the reclamation fill behind the wharves. (WASS EOI, Opus report 

Section 3).   

 

5.3 Horizontal movements of 1.2 m of the wharf and 1 m settlement of the sea 

wall along with cracking and deep fissuring of the pavements occurred "for 

a significant distance behind the sea wall". (WASS EOI, Opus report 

Section 3). 

 

5.4 The effects observed and reported by Opus are consistent with the types 

of reclaimed land movement often observed in port areas following large 

earthquakes.  Reclaimed land at ports is often formed by end dumping fill 

material into the sea in such a manner that it is left in a loose and 
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uncompacted condition.  This state makes it particularly vulnerable to 

movement during and following strong earthquake shaking, even if it does 

not actually liquefy in the geotechnical meaning of the term.   

 

5.5 Further, the loose nature of reclaimed fill areas can make them vulnerable 

to poor performance under normal static loads.  Consequently, even 

without earthquake loading, in my opinion reclaimed land should be subject 

to site specific investigation as part of good engineering practice prior to 

the design and construction of any major works. 

 

5.6 I also note that the Port Company's submission states on page 23 that 

liquefaction did not occur on the flat land at the Port and that "liquefaction 

is not a significant risk in this area".  A possible reason for this statement is 

that while true liquefaction may not have occurred in terms of its 

geotechnical definition, other (observable) earthquake induced effects of 

land movement e.g. slope instability were caused by the earthquakes. 

 

5.7 I do not have any specific knowledge of the land on the western side of the 

port around the tank farm but in my judgement any areas of reclaimed land 

at the Port should be subject to geotechnical engineering investigations as 

part of key projects to check the reclaimed land's vulnerability to strong 

earthquake shaking. 

 

5.8 Further, Lyttelton Port is part of the critical infrastructure serving the 

Christchurch area and the wider South Island and its post-earthquake 

operation is vital to the regional economic and post-earthquake recovery.  

Loss of key port facilities due to land movement could delay recovery and 

result in extensive economic loss to the region. 

 

5.9 Therefore in my opinion, for consistency with the hazard management of 

land known to be prone to the effects of strong earthquake shaking and 

possibly liquefaction, it is appropriate that the reclaimed land at Lyttelton 

Port be included within LAA1.   

 

5.10 The proposed rules require adequate geotechnical engineering input to 

development proposals which will allow the "true" vulnerability of the 

reclaimed land to strong shaking to be assessed.  If these studies 
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demonstrate that the land is not actually vulnerable to earthquake effects 

or that the consequences are acceptable, developments can still proceed 

on that basis supported by the detailed engineering study. 

 

 

 

 

Clive Kenneth Anderson 

13 February 2015 
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