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1. INTRODUCTION 

1.1 My full name is Clive Kenneth Anderson.  I hold the position of company associate and 

Principal Geotechnical Engineer at Golder Associates (NZ) Ltd. I have been in this 

position since February 2009. 

1.2 I hold a Batchelor of Civil Engineering with honours from University of Canterbury, a 

Masters of Soil Mechanics and Engineering Seismology  from Imperial College, a 

constituent college of the University of  London, and a Diploma of Technology 

Management from Deakin University   I have 31  years’ post graduate experience in 

geotechnical engineering.  I am also a member of the Institute of Professional 

Engineers, NZ Society of Earthquake Engineering, and NZ Geotechnical Society.  

1.3 I have 31 years' geotechnical experience in New Zealand, Western Australia, 

Indonesia, Singapore and Fiji.  My qualifications are attached as Annexure A.  

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

Insurance Limited, now Southern Response Earthquake Services Limited, 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 I am an accredited person on the Christchurch City Council ("CCC") register for the 

engineering of rockfall protection measures.  I am also a member of the CCC’s Senior 

Engineering Advisory Panel.  

1.6 Currently I am seconded to the CCC 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 New 

Zealand Building Code. 

1.7 I have been engaged by CCC to provide evidence in relation to proposed planning rules 

governing activities in the Specific Purpose Zone (Flat Land Recovery) Proposal (Stage 

3) with respect to geotechnical hazards.  This area is equivalent to the Red Zone of 

eastern Christchurch. 
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1.8 My involvement with this project has included a briefing meeting with Mr Peter Eman of 

Council in October 2015 and I have supervised the geotechnical liquefaction analyses 

used as the base for my evidence.  I am familiar with and have visited the Red Zone 

several times through work on the EQC Ground Improvement Trials in 2013 with the 

nature of the ground in the Red Zone.  Most recently on Thursday 5th November I lead a 

post-earthquake conference (6ICEGE earthquake engineering conference held 3-5 Nov 

2015 in Christchurch) Technical Tour through key areas of the Red Zone to look at key 

areas of earthquake damage. 

1.9 I have also previously provided evidence to the proposed Replacement District Plan 

Hearings Panel: 

(a) Chapter 5 – Hazards with respect to Liquefaction hazards affecting 

subdivisions 

(b) Lyttleton Port liquefaction assessment requirements for projects 

1.10 I have also been involved in plan changes (e.g. PC # 1 (Rezoning of land for 

Residential use) and PC 45 (CHCH Golf Resort/ Council) hearings / Pegasus Bay Town 

Development, and the Highfields subdivision hearing that all relate to liquefaction and 

its impacts on the proposed development. I developed the liquefaction assessment 

criteria for the design of the houses in the current Pegasus Bay Town during the 

subdivision consenting process in 2002 before such criteria were in existence.    

1.11 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. 

1.12 The key documents I have used, or referred to, in forming my view while preparing this 

brief of evidence are: 

(a) Ministry of Building, Industry and Employment (MBIE) Guidance: Repairing 

and rebuilding houses affected by the Canterbury earthquakes.  Latest 

updates occurred in April 2015. 

http://www.building.govt.nz/canterbury-earthquake-technical-guidance 

(b) Earthquake Commission Residential Ground Improvement – Findings from 

trials to manage liquefaction vulnerability 

http://www.building.govt.nz/canterbury-earthquake-technical-guidance
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http://www.eqc.govt.nz/sites/public_files/1.%20Residential%20Ground%20Imp

rovement%20report%20EQC.pdf 

(c) Canterbury Geotechnical Database which is an on-line repository of a large 

volume and variety of geotechnical and land deformation information gathered 

in Christchurch following initiation of the Canterbury Earthquake Sequence on 

4th Sept 2010.  

https://canterburygeotechnicaldatabase.projectorbit.com/Registration/Login.as

px?ReturnUrl=%2fMap%2fMapContent.aspx 

2. SCOPE 

2.1 My evidence is narrowly focused on liquefaction, principally those aspects of 

liquefaction that aren't already covered by the Natural Hazards Chapter and other 

Chapters (such as the Liquefaction Assessment Area 1 requirements).  My evidence is 

provided in support of the Council's position on the appropriate development restrictions 

for the Zone.  My evidence does not cover the natural hazard provisions which apply to 

areas within the Zone but which are included in the Natural Hazards Chapter.  I 

understand that the Council's evidence on these provisions will be produced as part of 

the hearing on that Chapter. 

2.2 In particular I address the following issues: 

(a) The magnitude of the liquefaction life hazard risk within the Specific Purpose 

Zone (Flat Land Recovery) ("the Zone"). 

(b) Whether land within the Zone is at greater risk from liquefaction than land 

outside the zone. 

(c) Whether economically viable engineering solutions for dealing with the 

liquefaction risks can be undertaken on a site by site basis, or whether 

addressing liquefaction is more economically viable on a larger scale. 

3.   EXECUTIVE SUMMARY  

3.1 The September 2010 earthquake initiated a series of damaging earthquakes that 

generated copious damage to houses and infrastructure due to the effects of 

liquefaction on the underlying soils in Christchurch, particularly in the residential 

suburbs along either side of the Avon River.  Initially proposals were being developed to 

mitigate the effects of liquefaction and to carry out repairs but, following the additional 

liquefaction damage caused by the February 2011 earthquake, large areas were Red 

http://www.eqc.govt.nz/sites/public_files/1.%20Residential%20Ground%20Improvement%20report%20EQC.pdf
http://www.eqc.govt.nz/sites/public_files/1.%20Residential%20Ground%20Improvement%20report%20EQC.pdf
https://canterburygeotechnicaldatabase.projectorbit.com/Registration/Login.aspx?ReturnUrl=%2fMap%2fMapContent.aspx
https://canterburygeotechnicaldatabase.projectorbit.com/Registration/Login.aspx?ReturnUrl=%2fMap%2fMapContent.aspx
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Zoned which meant that redevelopment of these areas would not take place in the short 

term.  The areas immediately adjacent to these new Red Zones were zoned Green and 

suitable for the repair and rebuilding of the houses on them.  

3.2 The Red Zone has been designated as a Special Purpose Flat Land Recovery zone in 

the proposed Replacement District Plan. In many areas the nature of the land 

deformation in terms of lateral spreading and vertical settlement is similar between 

adjacent areas of Red and Green Zone based on a desktop study of readily available 

information held on the Canterbury Geotechnical Database.  I was asked to examine 

this evidence and to provide an expert opinion from a geotechnical engineering 

perspective on whether all areas of the Red Zone (SPLR) presented an unusual risk 

from liquefaction hazard to warrant being dealt with in a different manner from the 

assessment of the same liquefaction risks in the nearby Green Zone. I was asked to 

address three specific issues to assist the hearing panel.  My expert opinions on each is 

summarised as follows: 

a) Life Risk from Liquefaction 

3.3 In my opinion, given the extreme scale of liquefaction damage, the absence of any loss 

of life in the Christchurch Earthquake Sequence, which can be attributed directly to the 

effects of liquefaction rather than severe shaking of a structure, indicates that the risk of 

injury or loss of life from liquefaction is very low. 

b)  The Scale of Liquefaction Risk between the Red and Green Zones 

3.4 The Red Zones encompass some of the most liquefaction susceptible soils in 

the Christchurch urban area. In many areas large settlements leading to 

increased flooding risk and lateral spreading caused severe damage to houses 

and infrastructure in the earthquake sequence.  However in my opinion the 

boundary between Red and Green Zones does not define a unique line 

between land areas of significantly different land deformation risk as the result 

of liquefaction.  My desktop study indicates that there are significant areas of 

land where adjacent areas of Red and Green Zone have experienced similar 

orders of magnitude of the effects of liquefaction induced damage.  As an 

experienced geotechnical engineer in the study of liquefaction I would expect 

to apply the same methodologies to the investigation of future developments in 

both the Red and Green Zones.  The same procedures to confirm project 

viability in terms of its financial goals and compliance with the Building Code 

would be applied irrespective of the zone.  It may transpire that the extent of 

work and hence cost in the current Red Zone, to mitigate the effects of 



27007033_1.doc   5 
 

liquefaction renders projects more difficult to develop than the Green Zone, but 

the engineering process to determine that would be the same.  There are likely 

to be engineering solutions to deal with liquefaction issues in the Red Zone on 

an area wide or site-by-site basis. 

 

c) The Economic Viability of Lot by Lot vs Area-Wide Development 

3.5 Without specific details of a project it is impractical to provide a definitive statement that 

one project type will be more economic than another on liquefiable Red Zone or SPLR 

land.  However given that scale of the liquefaction effects of settlement and lateral 

spreading that have affected the Red Zone in my opinion these effects are likely to be 

more economically dealt with on an area-wide basis where large plant can be used and 

the constraints of dealing with property boundaries and the attendant issues can be 

removed.  Land treatment on an area-wide basis is likely to enable more efficient use of 

resources to meet development requirements than would be used at the scale of single 

lots. 

4. BACKGROUND 

4.1 In 2010 – 2011, Christchurch and the immediate surrounding area of the Canterbury 

Plains was affected by a series of earthquakes with associated strong earthquake 

motions.  These earthquakes caused both loss of life from building collapse, falling 

masonry and rockfall and caused widespread damage to thousands of residential 

houses and 100’s of km of horizontal surface and buried infrastructure. 

4.2 In the first earthquake on 4 September 2010 land with a high susceptibility to liquefying, 

during strong and prolonged earthquake motions, liquefied.  Many, but not all, of these 

zones were along the lower reaches of the Avon River and are now Red Zoned or 

within the SPLR.  Initially proposals to mitigate the effects of liquefaction in these areas 

were being developed by the NZ Government. 

4.3 However as a result of post-earthquake damage assessments following the 22 

February 2011 earthquake it was recognised by MBIE and CERA that some areas 

along the lower reaches of the Avon River had now been so extensively damaged by 

liquefaction induced ground deformation (i.e. settlement and lateral spreading) that the 

time and costs to repair and rebuild residential properties and Council infrastructure was 

likely to be long and expensive which would delay the earthquake recovery time in 

those areas.  Consequently, “Red Zone“ designations were assigned by CERA, 

principally to land areas adjacent to or in the vicinity of the Avon River; often (but not 
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always) where extensive land deformation from liquefaction had occurred. CERA 

classified areas that could be rebuilt on “Green”. 

5. LIQUEFACTION ASSESSMENT OF CERA RED ZONED PROPERTY 

Magnitude of Life Risk 

5.1 I have considered the magnitude of the risk associated with liquefaction, and in 

particular the probability of it causing injury or death to people whose property is 

affected by liquefaction.   

5.2 Tens of thousands of houses were damaged by liquefaction within Christchurch during 

the 2010-2011 earthquakes, with liquefaction events recurring up to ten times on some 

properties during the earthquake sequence without the death of a single person from 

liquefaction effects.  Therefore I conclude that this provides strong evidence that the risk 

of injury or death from liquefaction events is very low (as opposed to the risk of damage 

to land and buildings).  

Relative Liquefaction Effects Risk between Red and Green Zoned Properties 

5.3 I was asked to examine whether the land within the Red Zone or SPLR is at greater risk 

from liquefaction than land outside the Red Zone or non-SPLR.  

5.4 I have approached this question in two ways. Firstly I looked for two pairs of adjacent 

areas of Red and Green Zones which had similar land deformation effects and 

considered their liquefaction characteristics in terms of the MBIE Guidelines for the 

repair and rebuilding of residential buildings in Canterbury. 

5.5 All Cone Penetration Test (CPT) based settlements were assessed using the future 

design ground motions set by MBIE for house foundation design and are not based on 

the recent earthquake motions. I have assumed that the commissioners are familiar 

with the methods of liquefaction assessment from evidence presented on liquefaction 

earlier in the District Plan hearings and therefore I have not provided detailed 

descriptions of the earthquake engineering terms and methodologies I refer to in my 

evidence. 

5.6 Secondly I examined the Canterbury Geotechnical Database to identify other areas, but 

not all, of adjacent Red and Green Zones with similar post-earthquake, liquefaction-
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induced, land deformation characteristics as indicated by the vertical and horizontal 

changes in the ground surface measured after the earthquakes using LIDAR1.   

5.7 I shall now outline my comparison work and results. 

Comparison of two Adjacent Pairs of Red and Green Zones 

5.8 Area 1 immediately south of the QE II stadium site is located in a block of land south of 

Travis Road, East of ANZAC Drive and containing Chimera Crescent, Atlantis Street, 

Cebera Close, Blue Gum Place and Penny Burn Place.  The land area considered is 

about 330 m (East to West) and about 420 m (North to South) encompassing a total 

area of about 14 Ha.  Area 1 is shown on the attached Figure 1. 

5.9 Within this area the ground surface has settled as a result of liquefaction in the range of 

100 to up to 1500 mm (See Figure 2) over the whole earthquake sequence. 

5.10 However based on the available Cone Penetration test data (CPT) within this area of 

the Red Zone, the estimated SLS index (i.e. upper 10 m) settlements over a sample 

size of nine CPTs (See Figure 3) the SLS index settlements range from about 10 to 140 

mm (See Figure 4).  In the order of 400 to 1000mm of horizontal lateral spreading 

occurred toward the watercourse on the western side alongside ANZAC Drive during 

the February 2011 earthquake, resulting in multiple north to south aligned tension 

cracks parallel to ANZAC Drive.  This would have led to lateral stretch (a measure of 

the difference in total lateral spread from one side of a foundation and the other) across 

house foundations.  The LIDAR based settlement and lateral spreading values are 

summarised in Table 1. 

5.11 Comparing these results to 12 nearby CPTs in the Green Zone the SLS index 

settlements ranged from about 10 to 110 mm (See Figure 5) which indicates a similar 

magnitude of expected future settlement performance under SLS design ground 

motions to the nearby Red Zone.  Lateral spread was about 350 to 600 mm and is the 

obvious difference in liquefaction effects from the Red Zone.  These values are also 

summarised in Table 1. 

 

                                                   
1  LIDAR stands for Light Detection and Ranging and is a remote sensing technique that uses lasers to provide “before and 

after” measurements of the positions of points on the ground from which movement or changes in location can be 

calculated. 
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Table 1: Comparison of Liquefaction Effects Using Data from Canterbury 

Geotechnical Database and CPT Analysis for SLS EQ Design Motions 

 

Liquefaction Effects 

MBIE Criteria for CPT based 

SLS Index (upper 10 m) 

Settlements (mm) 

 
LIDAR Vertical 

Settlement 

range (All EQs) 

(mm) 

LIDAR 

Lateral 

Movement 

Range (Feb 

2011) (mm) 

 

RED ZONE Area 

1 (QEII) 
100 - 1500 400-1000 10 – 140  

GREEN ZONE 

Area 1 (QE II) 
100 - 500 350 – 600 10 - 110 

RED ZONE Area 

2 (Bexley) 
200 - 1500 600-1800 20 – 150  

GREEN ZONE 

Area 2 (Bexley) 
200 - 1500 400 – 800 30 - 70 

 

 

5.12 Area 2 is the former Bexley residential area damaged in both the September 2010 and 

February 2011 earthquakes.  The area is approximately 1200 m long north to south and 

500 m wide east to west, excluding edge areas with significant lateral spreading, or 

about 60 Ha in area.  Area 2 is shown on Figure 6.  Within this area the ground surface 

has settled as a result of liquefaction in the range of 200 to up to 1500 mm (See Figure 

7). In the order of 600 to 1800mm of lateral spreading has occurred north toward the 

Avon River on the eastern side of the old Bexley residential area.  Multiple tension 

cracks indicative of lateral stretch can be seen on Figure 7. This would have led to 

lateral stretch across house footprints. 

5.13 Based on the available CPT data within this area of the Red Zone, over a sample size 

of nine CPTs (See Figure 8), the SLS index settlements for future design earthquakes 

ranged from about 20 to 60 mm (5 CPTs) with four CPTs grouping together predicting 

about 135 to 150 mm SLS index settlement (See Figure 9).  The range of ULS 

settlements for the same CPTs is 60 to 210 mm (See Figures 11 and 12) which are well 

within the range of potential foundation options provided in MBIE 2015.   
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5.14 The adjacent Green Zone area is immediately west of ANZAC Drive and north of Pages 

Road.  The total liquefaction induced settlements by the earthquakes are in the range of 

200 to 1500 mm and the lateral spreading is in the range of 400 to 800 mm. The 

assessed future SLS index settlements are in the order of 30 to 70 mm.  See Figure 10 

for the SLS values. 

5.15 For both Areas 1 and 2 the total accumulated liquefaction induced settlements over the 

entire earthquake sequence is an order of magnitude greater that would be assessed 

for the future design of foundations using CPT data and MBIE’s advised design SLS 

ground motions.  Within adjacent Red and Green Zones the accumulated liquefaction 

induced settlements have similar magnitudes.  It is the upper bound magnitude of 

lateral spreading and associated land and infrastructure damage that appears to mark 

the difference between Red and Green Zone areas.  Therefore in my opinion the key 

geotechnical design issues in many Red Zone and Green Zone areas is not dealing 

with future settlement risk from liquefaction using current design SLS and ULS ground 

motions, but dealing with the magnitude of the accumulated settlement from the recent 

multiple liquefaction events and the potential for lateral spreading along the Avon River 

during future large events.   

5.16 Therefore, for redevelopment for residential housing, or other building related uses, 

ground treatment of Areas 1 and 2 or building design would likely be required to: 

(a) Raise sunken ground or building floor levels in the worst affected settlement 

areas up to a level suitable for flood risk management. 

(b) Commensurate with raising ground and/or floor levels, consideration would be 

given to ground improvement to reduce the effects of liquefaction induced 

settlement in future SLS (or greater depending on the required design criteria) 

level earthquakes.  A desirable minimum target for ground improvement would 

be to reduce the future SLS settlements to less than 100 mm although I note 

that a Type 2B Surface Structure combined with a lightweight superstructure 

can be used on ground where up to 200 mm of SLS settlement and 500 mm of 

lateral stretch is expected.   

(c) Consider the need to construct lateral spreading mitigation measures such as 

an in-ground zone of stabilised ground as originally considered for similar 

areas along the Avon River and at Kaiapoi following the 4th Sept 2010 

earthquake2.  These may take the form of 10 m wide by up to 6 m deep 

perimeter zones of ground stabilised against liquefaction, forming a shear key 

                                                   
2  http://www.odt.co.nz/news/national/137557/dams-could-delay-quake-repairs 

http://www.odt.co.nz/news/national/137557/dams-could-delay-quake-repairs
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to reduce lateral movements between Area 1 and the watercourse along the 

western boundary (ANZAC Ave) and Area 2 and the Avon River.  Stabilising 

the ground to reduce the likelihood of liquefaction triggering and ground 

settlement on an area-wide basis is likely to reduce the need for shear key 

works along watercourses but depending on the outcome of detailed 

assessments, and the width of any set back zones from watercourses, may 

not eliminate them entirely. 

(d) Suitable ground stabilisation techniques currently available in the Christchurch 

market include Deep Dynamic Compaction (dropping >10T weights from > 10 

m height by specialist crane), Rapid Impact Compaction, Stone Columns and 

Rammed Aggregate Piers3.  The latter technique was proven by EQC to be 

particularly effective in the Red Zone land damage repair trials (EQC 20154). 

Once the ground stabilisation works were complete the hazard presented by 

liquefaction susceptibility would be significantly reduced commensurate with 

the level of treatment decided upon to meet the project and building consent 

requirements as laid out in the MBIE Guidelines (MBIE 2015) and Building 

Code. 

5.17 In my view there are likely to be engineering solutions to liquefaction issues within the 

Red Zone.  Properly applied these techniques can be used to economically stabilise 

liquefiable ground on an area-wide basis.  One current example is the Nazareth House 

redevelopment currently under construction on Brougham Street for the Catholic 

Church.  This site was sensitive to liquefaction and liquefied extensively in the Sept 

2010 earthquake damaging the land and buildings. Total land settlement was in the 

range of 200 to 500 mm. This land has now been treated by a combination of Rammed 

Aggregate Piers and Rapid Impact Compaction for a mixed development comprising 

multiple single storey rest home units for the elderly and a two storey hospital which is 

designed for a 1 in 1000 year ground motions.   

5.18 Another example is the Stage 3 development of the Silverstream Subdivision north of 

Christchurch where the land had to be raised 2 to 3 m using imported gravel fill to 

mitigate flooding risk.  The resulting densified crust was used to mitigate the liquefaction 

effects of the underlying TC 3 land.  This approach was consented with Waimakariri 

District Council following external peer review.  In that particular project context it was 

economic to carry out the work on an area-wide basis over many proposed lots.  In a 

number of cases there are also likely to be engineering solutions to deal with 

liquefaction issues on a site by site basis. 

                                                   
3  Disclosure: My company Golder Associates (NZ) Ltd provides Rammed Aggregate Piers in the Christchurch market.  
4  http://www.eqc.govt.nz/sites/public_files/1.%20Residential%20Ground%20Improvement%20report%20EQC.pdf 

http://www.eqc.govt.nz/sites/public_files/1.%20Residential%20Ground%20Improvement%20report%20EQC.pdf
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Comparison of Other Adjacent Areas of Red and Green Zones 

5.19 Examining the LIDAR based ground deformation for other adjacent Red and Green 

Zone areas along the Avon River I note that there are other locations where the ground 

deformation appears to be similar either side of the subdividing boundary.  Figures 13 to 

15 of selected areas illustrate the Red Zone/Green Zone boundary and the lateral 

ground movement where the arrows are vectors of movement direction and distance 

due to the  February 2011 earthquake and the colour Red Zones represent bands of 

liquefaction induced settlement for the entire earthquake sequence. The example 

locations are:  

(a) New Brighton Road between Bower Park and Seaview Road where the 

magnitude of both settlements and lateral movement are similar for the Red 

Zone adjacent to the Avon River and the Green Zone to the north.   

(b) The ground deformations either side of the Red Zone/Green Zone boundary 

between Stour Drive (Red) and Bassett Street (Green) appear similar with the 

Green Zone land between Bassett Street and the Zone boundary to the east 

showing more cracking and settlement than that visible in the adjacent Red 

Zone area between the boundary and Stour Drive. 

(c) South of the Avon River the Red Zone land between Hulverston Drive, 

Avonside Drive and ANZAC Drive has a similar level of settlement and lateral 

spreading to the Green Zone land immediately south of the Red Zone 

boundary along Mervyn Drive, Baladin Street and Chardale Street. 

Financial Viability of Redeveloping the Red Zone with Liquefaction Mitigation 

5.20 Ground improvement is being successfully carried out in Christchurch most often on a 

lot by lot basis as houses are rebuilt in the residential areas.  The commercial f inancial 

requirements for redevelopment in both SPLR and non-SPLR zones will be a trade-off 

between the costs of foundation and infrastructure stabilisation and the tolerable risk of 

liquefaction induced damage and the need to comply with the New Zealand Building 

Code.  Generally the higher the value of a development, then the greater the proportion 

of project cost that can be devoted to insitu ground treatment.  Without the preliminary 

masterplan and value of the development it is not possible to provide accurate evidence 

for the hearing on the matter of cost. 

5.21 While it may be possible to treat some areas of the SPLR on a lot by lot basis using 

specific design I anticipate that treating multiple lots using area-wide engineering 

treatment methods will be the most technically and financially viable. 
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6. CONCLUSION 

6.1 Overall my conclusion from a brief desktop study using readily available data from the 

Canterbury Geotechnical Database is that the susceptibility to liquefaction effects of 

some areas currently zoned Red or SPLR in the proposed plan are similar in scale to 

adjacent areas outside this zone.  The key engineering issues for developing adjacent 

Red and Green Zones is dealing with the accumulated total settlement in both areas (in 

the Green Zone this is often dealt with by raising house floor levels) and the potential for 

lateral spreading during strong earthquake shaking. 

6.2 The engineering techniques for assessing and treating the liquefaction susceptibility of 

both the SPLR and non-SPLR areas and designing developments within them will be 

the same for both areas.  The engineering investigation of land for the effects of 

liquefaction does not differentiate land on the basis of its assumed susceptibility from 

the outset. Rather the investigations would be designed to determine the susceptibility 

and scale of the liquefaction effects.  This then permits the designer to consider all 

aspects of development proposals on the basis of the investigation results and the 

design criteria appropriate for the proposed development in conjunction with meeting 

the Building Act 2004, the New Zealand Building Code and the project budget.  This 

approach is being formulated into a set of guidelines for use on all sites within New 

Zealand under the auspices of MBIE and the New Zealand Geotechnical Society.  I am 

one of the contributors to those guidelines. 

 

 

Clive Kenneth Anderson 

12 November 2015 
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he has been intensively involved with geotechnical issues arising from 

liquefaction hazards to foundation designs for residential housing and 

commercial buildings caused by the 2010 -11 Canterbury Earthquake Sequence 

which did NZ$40Bn damage to Christchurch, New Zealand.  

 

URS New Zealand – Perth/Christchurch 
Principal Geotechnical Engineer (1996 to 2009) 

Clive commenced in Perth as a Principal Geotechnical Engineer with the former 

Woodward - Clyde Ltd as the leader of the geotechnical group.  After transferring 

back to the Christchurch office of the now URS (NZ) Ltd he was variously a 

member of the geotechnical group, lead the Civil Engineering Group then 

became the Mining Business Sector Manager.  In 2007 he was elected President 

of the NZ Minerals Association. 
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Curriculum Vitae CLIVE ANDERSON 

Worley Consultants Limited – Auckland 
Senior Civil/Geotechnical Engineering (1993 to 1996) 

Clive was a member of the Auckland geotechnical team.  He worked on a wide 

range of geotechnical projects in the fields of highways and district roads, open 

pit coal mining, waste dumps, mine restoration, peer review of geotechnical 

designs and forensic investigations into geotechnical failures.  In this time he 

helped rebuild the geotechnical team up from three to ten staff. 

Barrett, Fuller and Partners – Auckland/Wellington 
Senior Civil/Geotechnical Engineer (1990 to 1993) 

Clive was a member of the Wellington and then the Auckland geotechnical teams 

working on the Clyde Dam Landslides remediation project. 

KRTA Ltd  – Wellington 
Geotechnical Engineer/Project Manager (1987 to 1990) 

Clive was initially the resident engineer then Project Manager for construction of 

the Waterloo Bus - Rail Interchange.  At the end of this project he commenced 

secondment back to Works Consultancy Services Ltd (formerly the Ministry of 

Works) to work on the landslide remediation work required for the Clyde Dam 

construction. 

Ministry of Works and Development Projects Office – Wellington 
Assistant/Senior Engineer (1980 to 1987) 

Clive was based initially in Haast working on bridge construction projects, 

Greymouth working on highway improvement projects, then completed his MSc 

in geotechnical and earthquake engineering at Imperial College, London before 

returning to spend three years in the Special Projects Office of the Ministry of 

Works, Wellington, working on a wide variety of geotechnical projects within New 

Zealand. 

Christchurch Drainage Board – Christchurch 
Engineering Cadet & Engineering Assistant (1975 to 1979) 

Clive gained basic civil engineering experience while studying for the then New 

Zealand Certificate of Civil Engineering. 
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PROJECT EXPERIENCE – LAND DEVELOPMENT 

Stoney Creek 
Subdivision 

Westland, New Zealand 

Assessment of debris flow risk to subdivision following a significant rainfall event. 

Change 1 Planning 
Project for 

Development of Future 
Christchurch Urban 

Area 
Canterbury,  

New Zealand 

Preparation of evidence on liquefaction for Environment Court on land proposed 

for urbanisation over the next 35 years. 

Plan Change 22 Belfast 
Styx Centre 

(Canterbury Regional 
Council) 

Christchurch,  
New Zealand 

Preparation and delivery of expert evidence on liquefaction of Greenfield areas in 

Belfast area to the Environment Court. (2011) 

 

PC 45 Planning 
Change – Christchurch 

Golf Club Resort 
Christchurch, 
Christchurch 

Preparation of evidence on liquefaction for Environment Court on land proposed 

for development for a Golf Resort.  Included proposed liquefaction criteria for 

foundation design drawing on recent experience of housing damage from 

liquefaction in Christchurch. 

Highfield Park 
Subdivision, Maxim 

Projects Ltd 
Christchurch,  
New Zealand 

 Principal Geotechnical Engineer for the investigation of new 200 Ha, 3000 lot 

subdivision for residents displaced from the earthquake damaged Christchurch 

suburbs.  Geotechnical investigations comprised CPTs, drillholes, test pit and 

preparation of geotechnical assessment report.   Presentation of expert evidence 

on liquefaction and ground treatment at the Plan Change hearing, Dec 2012. 

Due Diligence 
Investigations for 

Subdivision on old 
Bridgestone Factory 

site 
Christchurch,  
New Zealand 

Site investigations at disused Bridgestone Tyre industrial site to check suitability 

of subsurface conditions for 400 lot subdivision.  Investigations comprised CPTs, 

drillholes and test pits with geotechnical assessment report. (2011) 

Silverstream Estates 
Subdivision, Maxim 

Projects Ltd 
Christchurch,  
New Zealand 

Geotechnical assessment of new subdivision on potentially liquefiable land to re-

house residents displaced from their homes by the 2010-2011 earthquakes.  

Earthquake Claims 
Assessment, AMI 

Insurance (Southern 
Response) 

Christchurch,  
New Zealand 

Assessment of land damage caused by the 2010 and 2011 earthquakes for  

over 5,000 AMI insured properties affected by either liquefaction on the flat areas 

of Christchurch or shaking damage on the Port Hills.  Work leads into design or 

repairs and rebuilding of house foundations particularly on liquefied land.  

Production of geotechnical assessments for the rebuild of damaged houses on 

TC3 land. Participation in development of procedures for analysis and design of 

mitigation measures for liquefiable soils.  Peer review of reports prepared by 

staff.  This program is producing 100 reports per month to meet the client's 

rebuild program. 
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Christchurch 
Southwest Stormwater 

Management Project, 
Christchurch City 

Council 
Christchurch,  
New Zealand 

Preparation and presentation of evidence on liquefaction hazards to proposed 

stormwater detention scheme. 

Silverstream Estates 
Subdivision, 

Silverstream Estates 
Ltd 

Christchurch,  
New Zealand 

Analysis and design of ground improvement for TC3 land and the protection of 

buried services and other infrastructure. 

Porters Height Ski-field 
Development, Selwyn 

District Council 

Canterbury, Canterbury 

Preparation of evidence for Selwyn District Hearing on review of applicant's 

geohazard report on proposed ski-field development into Chrystal Basin. 

Included examination of slope instability, fault rupture and avalanche hazards. 

Engaged by Selwyn District Council. 

Moorcroft Subdivision, 
Kaiapoi, Davis Ogilvie 

Ltd 
Christchurch,  
New Zealand 

Liquefaction assessment for 200 lot subdivision in Kaiapoi.  Liquefaction was 

identified as a hazard and mitigation measures involving earthworks and specific 

treatment of essential infrastructure such as sewers was recommended.  These 

measures were implemented and performed successfully during the Darfield 

Earthquake of 2010. 

 

Liquefaction 
Assessment for 

Pegasus Bay Town, 
Southern Capital Ltd 

Christchurch,  
New Zealand 

Detailed soils investigation and liquefaction study of proposed 350 Ha Pegasus 

Bay Town near Christchurch to house 5,000 people for Southern Capital Ltd. 

Development of liquefaction mitigation proposals.  Preparation of evidence for 

Environment Court that resulted in removal of liquefaction hazard related 

objection by ECan.  In the 4 September 2010 Christchurch earthquake the 

developed town site did not experience any liquefaction commonly observed on 

liquefiable soils around CHCH. 

Westfield Riccarton 
Mall Extension, 

Holmes Consulting Ltd 
Christchurch,  
New Zealand 

Principal Geotechnical Engineer for foundation investigation and design of pile 

system for mall extension.  Soils were highly variable alluvial soils comprising 

loose silts, sands and gravels with high groundwater levels. 

Telecom Building, 
Riccarton 

Christchurch,  
New Zealand 

Principal Geotechnical Engineer for liquefaction assessment and foundation 

design for Telecom Riccarton exchange building. 

QEII Pool Foundation 
and Liquefaction 

Assessment, Holmes 
Consulting Ltd 

Christchurch,  
New Zealand 

Geotechnical investigations for QEII Pool Complex refurbishment by 

Christchurch City Council.  Included liquefaction study.  

Foundation 
Investigation, 

Environment Waikato 
Hamilton, New Zealand 

Geotechnical investigations and assessment for new six storey building with 

compressible alluvial soil foundations and ignimbrite soils for Waikato 

Polytechnic.  Settlement mitigation option adopted utilised preloading of the 

compressible soils 
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Sky Tower Foundation 
Review, Auckland City 

Council 

Auckland, New Zealand 

Review of support design for Sky Tower's 28m deep excavation utilising 

anchored soldier piles on behalf of Auckland City Council. 

Kaikoura Peninsula 
Development Plan 

Change, Whale Watch 
Ltd 

Kaikoura, New Zealand 

Assessment of infrastructure feasibility level design for major plan change 

affecting Kaikoura Peninsula.  Requirements including roading, geotechnical 

issues, water supply, stormwater disposal and wastewater. 

Ocean Ridge 
Development, Robin 

Hughes Development 
Ltd 

Kaikoura, New Zealand 

Assessment of infrastructure feasibility level design for major plan change 

affecting Kaikoura Peninsula.  Requirements included roading, geotechnical 

issues, water supply, stormwater, stormwater disposal and wastewater.  

Following plan change, managed detailed design of infrastructure works. 

 

PROJECT EXPERIENCE – FOUNDATION ENGINEERING 

Tauranga Marine 
Precinct for Tauranga 

City Council 
Tauranga, New Zealand 

Preliminary assessment of ground improvement options for the redevelopment of 

filled land alongside Tauranga Harbour including 350 m of sheet-piled seawall.  

The land is to be redeveloped for commercial and marine facilities including 

berthing and 350T boatl lift for black boat removal and transportation to 

maintenance area.  The filled land is subject to significant settlement and 

liquefaction hazards.  The work has included design of the heavy duty concrete 

pavement and subbase to support 125 T corner wheel loads from the boat lift 

Building Consent 
Application 

Assessments – 
 Christchurch City 

Council 
Christchurch,  
New Zealand 

Following the Canterbury Earthquake Sequence of 2010-11, Christchurch City 

Council is experiencing unprecedented levels of consent applications for new 

houses and commercial properties.  The role involves assessing the 

geotechnical/foundation aspects of the applications and providing feedback to 

applicants and the wider engineering community.  The work included both the 

TC3 liquefaction affected zones and Port Hills with its areas of Mass Movement 

and rockfalls.  

Port of Tauranga - 
Sulphur Point Wharf 

Extension 

Tauranga, New Zealand 

Geotechnical investigation and detailed real time modelling of the dynamic 

response of the soils in the wharf area to the 25 year, 500 year and 2500 year 

seismic events.  The work included the development of earthquake time histories 

that matched the site response spectra for the Tauranga area.  The dynamic 

modelling was performed using the software FLAC and the results enabled 

significant savings in design of the ground improvement and the wharf structure 

through modelling the real-time development of liquefaction in the soils, 

subsequent land displacement and the interaction with the wharf structure. 

Commercial Building 
PS2  Review of 

Foundation Designs – 
 Various Buildings and 

Clients 
Christchurch,  
New Zealand 

Expert Peer review of pile foundation and ground improvement designs for multi-

storey commercial buildings on liquefiable soils. Key issues assessed include 

foundation performance during strong earthquake shaking and following 

development of liquefaction. 
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St Marks School 
Christchurch,  
New Zealand 

Geotechnical investigation and assessment of relevelling and ground 

improvement options for either the repair or rebuild of two major school buildings.  

The methods considered included low mobility grout, expanding polyurethane 

and screw piles. 

Assessment of House 
Site Rebuilds for TC3 

Land 
Christchurch,  
New Zealand 

Review of 100's of geotechnical investigation reports for TC3 land throughout 

Christchurch which require rebuilding of houses damage by a combination of 

liquefaction and earthquake shaking for major insurers - principally Southern 

Response.  This work has required consideration of coastal hazards presented 

by future sea level rise. 

Confidential Clients – 
 Assessment of Land 

Damage Claims 
Christchurch,  
New Zealand 

Assessment of land damage insurance issues involving Red Zoned land on the 

Port Hills and TC3 liquefaction damaged sites on the flat.  Issues involve 

assessment of the legislative as well as the technical basis of the land damage 

issues. 

Christchurch City 
Council – Senior 

Engineering Advisory 
Panels for Building 
Consents and Rock 
Slope Engineering 

Christchurch,  
New Zealand 

Member of panel of senior structural and geotechnical engineers engaged to 

carry out preconsent application meetings and assessments for "high - risk" 

complex projects and major projects involving rock slopes on the Port Hills.   

Construction of 
Ground Improvement 

for  House, 
Commercial and 

Hospital Foundations 
on Liquefiable soils 

Christchurch,  
New Zealand 

Project Director for the design of Rammed Aggregate Piers and Rapid Impact 

Compaction forms of improving both the liquefaction resistance and vertical 

stiffness of house, hospital and commercial building foundations for resistance to 

future liquefaction on TC3 land around Christchurch. 

Weft Knitting Ltd 
Christchurch,  
New Zealand 

Project Director for the assessment and design of Rammed Aggregate Pier type 

of Ground improvement for the mitigation of liquefaction below one third of the 

factory floor footprint. 

Silverstream 
Subdivision 

Kaiapoi, New Zealand 

Design and installation of Rammed Aggregate Piers for mitigation of liquefaction 

induced settlement below buried pipelines and to prevent lateral spreading 

around stormwater treatment ponds. 

 

PROJECT EXPERIENCE – EXPERT WITNESS 

Mangatangi Mine 

Waikato, New Zealand 
Presented expert geotechnical evidence to resource consent hearing for the 

proposed Mangatangi Mine. 

High Court Trial – Kelly 
vs EQC and Southern 
Response Earthquake 

Services Ltd 
Canterbury,  

New Zealand 

Preparation and delivery of evidence as expert in liquefaction and foundation 

design to mitigate the effects of liquefaction for residential property. 
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High Court Trial –  
Rout vs Southern 

Response Earthquake 
Services Ltd  
Christchurch,  
New Zealand 

Preparation and presentation of expert geotechnical evidence in court trial where 

plaintiff was suing its insurer for the full replacement cost of a damaged house in 

the Red Zone of Brooklands. 

Confidential Insurance 
Disputes –  

20 plus Individual 
Cases 

Christchurch,  
New Zealand 

Assessment of Plaintiff technical evidence and preparation of expert technical 

responses for clients on insurance claim disputes in preparation for possible 

court action.  In two cases expert geotechnical evidence has been provided to 

the NZ High Court or to Court run judicial settlement conferences.  In many 

cases out of court settlements were achieved after presentation of the 

geotechnical evidence. 

Highfield Park 
Subdivision, Maxim 

Projects Ltd 
Christchurch,  
New Zealand  

Principal Geotechnical Engineer for the investigation of new 200 Ha, 3000 lot 

subdivision for residents displaced from the earthquake damaged Christchurch 

suburbs.  Geotechnical investigations comprised CPTs, drillholes, test pit and 

preparation of geotechnical assessment report.   Presentation of expert evidence 

on liquefaction and ground treatment at the Plan Change hearing, Dec 2012. 

Porters Height Ski- 
Field Development, 

Selwyn District Council 
Canterbury,  

New Zealand 

Preparation and delivery of evidence for Selwyn District Hearing on review of 

applicant's geohazard report on proposed ski-field development into Chrystal 

Basin. Included examination of slope instability, fault rupture and avalanche 

hazards. Engaged by Selwyn District Council. 

PC 45 Planning 
Change – Christchurch 

Golf Club Resort 
Christchurch,  
New Zealand 

Preparation of evidence on liquefaction for Environment Court on land proposed 

for development for a Golf Resort.  Included proposed liquefaction criteria for 

foundation design drawing on recent experience of housing damage from 

liquefaction in Christchurch. 

Plan Change 22 Belfast 
Styx Centre 

(Canterbury Regional 
Council) 

Christchurch,  
New Zealand 

Preparation and delivery of expert evidence on liquefaction of Greenfield areas in 

Belfast area to the Environment Court. (2011) 

Change 1 Planning 
Project for 

Development of Future 
Christchurch Urban 

Area 
Canterbury,  

New Zealand 

Preparation of evidence on liquefaction for Environment Court on land proposed 

for urbanisation over the next 35 years. 

Christchurch Proposed 
Revision to District 

Plan 
Canterbury,  

New Zealand 

Prepared geotechnical evidence on Lyttleton Port land and participated in Joint 

workshops as a specialist in liquefaction issues.  Delivered evidence to hearing. 
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Stockton Mine 
Ridgeline Project, 
Solid Energy New 

Zealand Ltd 
West Coast,  

New Zealand 

Expert Geotechnical witness in Environment Court providing geotechnical 

engineering evidence on behalf of Solid Energy New Zealand Ltd in response to 

challenge from Environmental pressure group to prevent mining of the Ridgeline 

Escarpment.  The impacts on rare carnivorous snail (Powhalliphanta Augustus), 

native bush and the diversion of catchments were major points of challenge.  

Solid Energy's right to mine the Ridgeline was upheld. 

Mangatangi Coal Mine 

Waikato, New Zealand 
Preparation and presentation of geotechnical evidence for proposed coal mine. 

Paiton Power Project 
Slope Failure, Edison 

Mission Energy Ltd 

Java, Indonesia 

Technical Expert geotechnical witness to arbitration case held at International 

Court of Arbitration, London between client Edison Mission Energy Ltd and Mitsui 

Corporation.  The arbitration case was about contractural responsibility for a 

large scale slope failure above a cooling canal which supported the east-west 

main Java Highway and switchyard servicing a 4800MW coal fired power station 

on a $USD2.6Bn coal fired power project.and claim value $US140M. 

 

 

PROJECT EXPERIENCE – POWER 

Clyde Dam Power 
Project, Works 

Consultancy 
Otago, New Zealand 

Investigation and design of remedial works for the 5 M m3 Jackson Creek 

Landslide.  Review of stabilisation works constructed for the 60 M m3 No 5 

Creek Landslide on the Clyde Dam Power Project, New Zealand.  Remedial 

works comprised large toe buttresses and drainage tunnels below the slides. 

Lake Coleridge Power 
Station, Trust Power 

Ltd 
Canterbury,  

New Zealand 

Project manager for review of risk and risk management processes for Lake 

Coleridge Power Station for the Trust Power Board. 

Paiton Power Project, 
Edison Mission Energy 

Ltd 

Java, Indonesia 

Geotechnical design manager for the design review of the cooling canal slope 

failure in weak presheared rock conditions on the Paiton Power Project, 

Indonesia.  Involved design of 2.5 m dia shear key piles to stabilise falling 60 m 

andesite rock slope above the cooling canals in Indonesia and technical expert 

role at the International Court of Arbitration, London. 

Roxburgh Dam Sluice 
Gate, Contact Energy 

Ltd 

Otago, New Zealand 

Project Manager for construction of upgrade works on Sluice Gate No 2 on 

Roxburgh Dam for Contact Energy Ltd including preparation of options and 

modification for improving the emergency action plan. 

Gunung Salak 
Geothermal Power 

Station, PLN 

Java, Indonesia 

Geotechnical peer review of design of new 50 MW geothermal power plants at 

Gunung Salak Power Station, Indonesia. 

Transmission Line 
Pylon Stability, 

Transpower 
Central North Island, 

New Zealand 

Geotechnical investigation and reporting on remedial work required for 

foundations supporting five 100 kV transmission towers in steep, unstable hill 

country from Bunnythorpe to Ongarue. 
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PROJECT EXPERIENCE – TUNNELLING 

Transit NZ –  
Homer Tunnel Phase 1 

I&R Studies, Transit NZ 
(1st Project) 

Fiordland, New Zealand 

Project Manager/Geotechnical Engineer for extensive I and R study of options to 

reduce the high fire, ventilation and avalanche risks to tunnel users in line with 

international standards. Work included examination of avalanche risk, national 

economic impacts of hazard occurrence on tourism and new tunnel options to 

mitigate fire and ventilation hazards. Options examined including extensive 

refurbishment of the existing tunnel and tunnel replacement on new alignment.  

Coping with traffic delays on an iconic tourist route in a National Park were major 

considerations of the study. 

Homer Tunnel I&R 
Phase 2 Project, 

AECOM for NZTA (2nd 
Project) 

Fiordland, New Zealand 

Geotechnical Peer Reviewer for tunnel options on project subconsulting to 

AECOM.  This project continues on from an earlier I&R study that Clive managed 

but now focuses on fire and ventilation hazard mitigation options based on 

refurbishing the existing tunnel. 

Waterview Tunnel 
SH16, NZTA 

Auckland, New Zealand 

Geotechnical Peer Reviewer for NZTA of geotechnical reports being prepared for 

assessment of tunnelling options. 

Two Tender Designs 
for the Deep Tunnel 

Sewer Project, 
McConnell Dowell – 

 Obayashi JV 
Singapore 

Project Manager and tunnel designer for tender design of two tunnel projects 

below and crossing underneath Singapore city as part of the 50 km long Deep 

Tunnel Sewer Project Tunnel designs were for two 10 km long, 3.6 m diameter 

TBM bored sewer tunnels through granite rock and cemented alluvium.  Project 

requiring tender design of large, 30 - 50 m deep shafts in weak materials for 

launching of TBMs, assessment of dewatering and settlement impacts on city 

buildings and infrastructure.  Shaft support systems assessed included 

diaphragm walls, soil - cement piles, struts and waters, and Hong Kong caissons.  

The water tight tunnel precast concrete lining system was designed by Clive. 

Two Tender Designs 
for Cable Tunnels, 

McConnell Dowell – 
 Obayashi JV 

Singapore 

Contract C301 was a 6 km long, 6 m diameter, TBM bored, subsea cable tunnel 

through karstic limestone and mudstone rocks between a gas fired power station 

on Pulau Seraya Island and mainland Singapore.  Work included geophysical 

investigation of karstic rock in one of the busiest sea lanes in the world.  Tunnels 

were to be excavated using two TBMs that would meet 40 m below sea level.  

Tunnel entry on land was via cut and cover tunnel in busy city streets.  Access 

shaft support systems assessed included diaphragm walls, soil - cement piles, 

and struts and waters.  The water-tight tunnel precast concrete lining systems 

was designed by Clive.  Contract C302 was for a land based tunnel constructed 

by TBM. 

Road Tunnel, Fort 
Canning, Obayashi- 

McConnell Dowell Ltd 

Singapore 

Geotechnical analysis and design of two tunnelling options for a road tunnel 

below Fort Canning, Singapore on behalf of McConnell-Dowell. 

North Perth Road 
Tunnel, Main Roads 

WA 
Western Australia, 

Australia 

Geotechnical Peer Reviewer for new motorway tunnel project in North Perth.  

Project requires construction of new tunnel using diaphragm wall techniques in 

sand soils with high water table.  Liquefaction issues and maintaining city traffic 

flows were critical design and construction issues. 
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PROJECT EXPERIENCE – WATER RESOURCES 

Mt William Dam – 
 Cypress Mine, Solid 
Energy New Zealand 

Ltd 
West Coast,  

New Zealand 

Design and Alliance Leadership team member for a 25 m high roller compacted 

concrete dame to provide water quality management for the proposed Cypress 

Coal Mine.  The design is being designed and will be constructed under an 

alliance type contract with the contractor to a tight programme. 

Irrigation Canal 
Review, Canterbury 

Regional Council 
Canterbury,  

New Zealand 

Geotechnical Reviewer to Canterbury Regional Council on geotechnical issues 

affecting the new 9 km long Kakahu irrigation canal in South Canterbury. 

Stopbank Stability 
Analysis, Canterbury 

Regional Council 
Canterbury,  

New Zealand 

Design supervision of analysis of piping remedial works for 1.5 km section of 

stopbanks along Waimakariri River near Christchurch Northern Motorway. 

Oxford Feedlot 

Oxford, New Zealand 
Project Manager of study of on farm irrigation storage reservoir for Oxford 

Feedlot. 

Central Plains 
Irrigation Scheme  

Canterbury,  
New Zealand 

Project Director/Geotechnical Engineer for study of options to irrigate farmland 

and improve water availability between the Rakaia and Waimakariri rivers as part 

of the Central Plains Irrigation Scheme in Canterbury.  Project includes 

assessment of several water storage dam options.  Provided geotechnical 

evidence to Council hearings for the Central Plains irrigation scheme with 

particular reference to the design and construction of the intake canal off the 

Waimakariri River. 

 

PROJECT EXPERIENCE – TRANSPORTATION 

Huntly to Marsden B 
Power Station Gas 

Pipeline Route 
Investigations 

Waikato/Northland,  
New Zealand 

Geotechnical investigations of three potential gas pipeline routes from Huntly to 

fire the Marsden B Power Station.  The investigations traversed three possible 

alignments through often unstable hill country in Northland. 

Omotomoto Landslide 
Investigation 

West Coast,  
New Zealand 

Project Manager and Geotechnical Engineer for the investigation of stabilisation 

measures for the Omoto landslide affecting SH 7 and the main Stillwater to 

Greymouth Railway line.  This was part of a highway realignment project. 

SH 6, Paringa South 
Westland 

Westland, New Zealand 

Supervised the pile foundation construction and part of the superstructure for the 

replacement Paringa River Bridge across the Paringa River on SH 6, South 

Westland. 

Jacksons Bay Road 

Westland, New Zealand 
Supervised the construction of the Frolic Brook, Gipsy Creek, and Patersons 

Creek Bridges on the Jacksons Bay Road.  
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Waterview –  
SH 16 Motorway 

Project, NZTA (RONS) 

Auckland, New Zealand 

Geotechnical Peer Reviewer for NZTA of geotechnical reports being prepared for 

assessment of I&R options for a raised causeway over highly compressible 

marine soils. Identification and assessment of construction options, the spectre 

of long term maintenance to cope with settlement of 1 m + and the reuse of 

excavated material from the tunnel were important considerations.   

Homer Tunnel –  
Phase 2 I&R Studies, 

AECOM 

Fiordland, New Zealand 

Geotechnical Peer Reviewer for tunnel options on project subconsulting to 

AECOM.  This project continues on from an earlier I&R study that Clive managed 

but now focuses on fire and ventilation hazard mitigation options based on 

refurbishing the existing tunnel. 

Homer Tunnel –  
Phase 1 I&R Studies, 

Transit NZ 

Fiordland, New Zealand 

Project Manager/Geotechnical Engineer for extensive I and R study of options to 

reduce the high fire, ventilation and avalanche risks to tunnel users in line with 

international standards. Work included examination of avalanche risk, national 

economic impacts of hazard occurrence on tourism and new tunnel options to 

mitigate fire and ventilation hazards. Options examined including extensive 

refurbishment of the existing tunnel and tunnel replacement on new alignment.  

Coping with traffic delays on an iconic tourist route in a National Park were major 

considerations of the study. 

 

SH 73 Mingha Bluff to 
Rough Creek Highway 

Realignment,  
Transit NZ 

Canterbury,  
New Zealand 

Project Director/Geotechnical Engineer for investigation and preliminary design 

of highway realignment options to improve safety on a tortuous section of 

mountain highway passing through Arthurs Pass National Park.  Consultation 

involved DOC, local interest and highway user groups e.g., cycling orgs, park 

user groups and cultural interests.  Preliminary design sought max reuse of 

existing materials and minimising damage to adjacent park values. 

Okiwi Bay 
Realignment,  

Transit NZ 
Marlborough,  
New Zealand 

Project Director/Geotechnical Engineer for realignment of short section of SH 1 

on the Kaikoura coast between the shore and railway tunnel with a poor accident 

history.  The work involved modifications to the adjacent tunnel, monitoring of it 

for deformation and rock bolting of unstable rock slopes above the road. 

Passing Bay 
Projects,Transit NZ 

Canterbury,  
New Zealand 

Project Director for several passing lane I&R studies on SH1 including south of 

Amberley, Orari and Winchester 

Mine Access Road 
Design, Pike River 

Coal Ltd 
West Coast,  

New Zealand 

Project Manager and design engineer for 11km of new access road built to 

service the new Pike River Coal Mine.  The access road was constructed across 

and mix of regenerating bush on river flats and steep bush country on DOC 

conservation estate requiring strict adherence to environmental consent criteria.  

The roading contractor received an environmental award from DOC for its 

success in constructing the road with minimal permanent damage. 

Rail Transportation 
Option Assessment, 
Pike River Coal Ltd 

West Coast,  
New Zealand 

Project Manager for preliminary study of road vs rail options on the Pike River 

Coal Project for Grey District Council under Transfund's criteria for funding 

Alternative to Roads Projects.  Study compared costs and benefits of upgrading 

District roads to transport one million tonnes per annum of coal against building a 

branch railway. 

Limestone Creek Slow 
Passing Bay,  

Transit NZ 
Canterbury,  

New Zealand 

Team Leader for the I&R and Design phases for a new slow bay subsequently 

constructed on SH 1 in the Hundalees, south of Oaro. 
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SH 73 Slope Instability 
Risk Assessment, 

Transit NZ 
Canterbury,  

New Zealand 

Project Director for quantitative risk assessments of a number of rock fall sites 

between Kowai bluff and Rough Creek on SH 73 including the active area of 

Paddys bend.  Potential mitigation measures were developed. 

Waterloo Bus –  
Rail Interchange, 

Wellington Regional 
Council 

Lower Hutt,  
New Zealand  

Resident Engineer and Project Manager for construction of the Waterloo Bus-

Rail Interchange, Lower Hutt.  Work required keeping double track railway open 

during construction, relocating major services (gas, sewer, SW, power telecom 

water), construction of subway below in alluvial soils with high water table, 

construction of large space frame and 35 bay bus park, three carparks, toilets 

and new railway station building. 

North Perth Road 
Tunnel, Main Roads 

WA 
Perth, Australia 

Geotechnical Peer Reviewer for new motorway tunnel project in North Perth.  

Project requires construction of new tunnel using diaphragm wall techniques in 

sand soils with high water table.  Liquefaction issues and maintaining city traffic 

flows were critical design and construction issues. 

Ormiston Road 
Realignment, Manukau 

City Council 

Auckland, New Zealand 

Geotechnical peer review of design consultant's work on Ormiston Road 

realignment across unstable hillsides for Manukau City Council.  The peer review 

resulted in some changes to the design and additional site investigations which 

found a previously unrecognised landslide feature in the Waitemata rock below 

the road alignment. 

Road Embankment, 
Hamilton City Council 

Waikato, New Zealand 

Geotechnical peer review of 12 m high earth road embankment being 

constructed on soft foundations for Hamilton City Council. 

Port of Napier 
Hawkes Bay,  
New Zealand 

Geotechnical investigations for proposed new wharf 1B comprising deep drilling, 

CPTs, shear wave velocity testing and laboratory testing. 

Port of Tauranga – 
 Sulphur Point Wharf 
Extension, OCEL Ltd 

Tauranga, New Zealand 

Geotechnical investigation and analysis of soil-structure interaction for 170 m 

extension to existing wharf in volcanic soils.  The work includes the dynamic 

analysis of the wharf structure and backland response to earthquake loading for 

the 500 and 2,500 year events.  Of particular concern is the potential for 

liquefaction of the backland area leading to loss of serviceability of the wharf 

following a large earthquake.  The need of ground improvement to prevent 

liquefaction was avoided by detailed site specific seismic response assessment 

of the wharf structure and backland to the shaking of the design earthquakes. 

 

PROJECT EXPERIENCE – MINING 

Mangatangi 

Waikato, New Zealand 
Member of geotechnical team carryout preliminary design of  highwalls and large 

overburden waste dumps in soft rock units as part of a proposed open cast pit.  

Some of the units of the soft rock contain weak presheared failure surfaces 

which can be problematic for stability.  Work included assessment of effects, 

including groundwater drawdown on nearby highway. Prepared and presented 

geotechnical evidence to planning hearing to gain resource consents from 

Waikato Regional Council for the project. 
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Curriculum Vitae CLIVE ANDERSON 

Township North Waste 
Dump Failure – 

 Mediation, Solid 
Energy New Zealand 

Ltd 

Waikato, New Zealand 

In 1995 and 3 Mm3 waste dump of mine overburden rock and soil failed and 

flowed down slope into the new Township North opencast coal mine halting 

mining.  A dispute occurred between the mine owner and the mining contractor.  

Clive was retained to advise the then CoalCorp about its handling of the 

geotechnical issues leading up to the failure as an independent expert witness.  

The role included assisting with the subsequent mediation process that was held 

before an arbitrator. 

 

Pike River Coal Mine 
Project Consents, Pike 

River Coal Ltd 
West Coast,  

New Zealand 

Project Manager/Geotechnical Engineer for geotechnical and environmental 

studies for consenting of proposed Pike River Coal Mine on DOC land in 

Paparoa Range, West Coast.  Provided evidence on the geotechnical 

engineering issues pertaining to development of the Pike River Coal Mine Project 

during the combined hearing before the Grey District, Buller District and West 

Coast Regional Councils. 

 

Stockton Mine 
Ridgeline Project, 
Solid Energy New 

Zealand Ltd 
West Coast,  

New Zealand 

Expert Geotechnical witness in Environment Court providing geotechnical 

engineering evidence on behalf of Solid Energy New Zealand Ltd in response to 

challenge from Environmental pressure group to prevent mining of the Ridgeline 

Escarpment.  The impacts on rare carnivorous snail (Powhalliphanta Augustus), 

native bush and the diversion of catchments were major points of challenge.  

Solid Energy's right to mine the Ridgeline was upheld. 

 

Mangatangi Coal Mine 

Waikato, New Zealand 
Preparation and presentation of geotechnical evidence for proposed coal mine. 

 

Escarpment Mine, 
Buller Coal Company 

Ltd 
West Coast,  

New Zealand 

Geotechnical assessment of mine development including evaluation of highwall 

designs, water supply and water treatment dams and foundations for Coal 

Processing Plant and Water Treatment Plant. 

Croydon Lignite Mine 
Geotechnical Study, 

Solid Energy New 
Zealand Ltd 

Southland, Southland 

Management of geotechnical investigations, lab testing and geotechnical 

evaluation of Croydon Mine Option to extract 70 Mt of lignites over 40 years from 

a 150 m deep opencast mine. 

Liverpool Opencast 
Mine Prefeasibility 

Geotechnical 
Assessment, Solid 

Energy New Zealand 
Ltd 

West Coast,  
New Zealand 

Project Manager and Principal Geotechnical Engineer for major study of 

geotechnical viability for developing an opencast coal mine in steeply dipping, 

faulted and folded Rewanui coal Measures north of Greymouth.  Project included 

management of extensive drilling investigation programme and design of large 

overburden waste dumps and water management dams at prefeasibility level. 

Cypress Coal Mine 
Highwall Design, Solid 

Energy New Zealand 
Ltd 

West Coast,  
New Zealand 

Project manager and geotechnical designer for 2 km long 140 m high, highwall in 

granite and greywacke rock.  Highwall has a major fault traversing its length.  

Design based on both probabilistic and limit equilibrium analyses.  Effective risk 

management during construction is required.  Environmentally significant project 

adjacent to DOC land with significant threatened species including kiwi, 

powelliphanta snails and red tussock. 
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Curriculum Vitae CLIVE ANDERSON 

Loadout Car Dumpers, 
BHP Iron Ore Ltd 

Port Hedland, Australia 

Project Manager and Principal Geotechnical Engineer for geotechnical 

investigations of $A240m expansion of Port Hedland, Australia iron ore loadout 

facilities.  Key project components comprise 23 m deep railway car dumper and 

a new 135 m long conveyor tunnel to new Materials handling facilities. 

Pinjarra Processing 
Plant, Alcoa Pty Ltd 

Western Australia, 
Australia 

Project Manager and Principal Geotechnical Engineer of geotechnical 

investigations of $A85m expansion of Alcoa’s bauxite processing plant near 

Perth.  Included conveyor and stacker/reclaimer foundations, 3.2 km rail loop and 

loadout bin. 

Cypress Mine 
Infrastructure, Solid 

Energy New Zealand 
Ltd 

West Coast,  
New Zealand 

Project Director for new opencast coal mine with 60 m highwall (Cypress Mine) 

including design of haul road, waste rock stacks, management of ARD, dam 

design for water management, geochemistry issues and progressive 

rehabilitation of mined out areas.  Project area receives 6 m rainfall depth per 

annum. 

Stockton Mine Water 
Management Project, 

Solid Energy New 
Zealand Ltd 
West Coast ,  
New Zealand 

Project Manager and designer for Ford Creek Dam Number 4, Duncans and A 

Drive Sumps and Project Director for Davies and Mangatini Sumps all at 

Stockton Mine. 

Waihi Gold Mine – 
 Geotechnical Review, 

Hauraki District 
Council  

Waikato, New Zealand 

Review of long term subsidence risk at Waihi Gold mine from old underground 

workings. 

Macraes Gold Mine, 
Otago Regional 

Council 
Otago, New Zealand 

Review of technical aspects of various consent applications from Macraes Gold 

Mine to Otago Regional Council. 

K1/K2 Mine, 
Maramarua, Solid 

Energy New Zealand 
Ltd 

Waikato, New Zealand 

Project Manager for design of extension to K1/K2 coal mine requiring dewatering 

existing lake (removal of 10 M m3 water from abandoned pit), design of new coal 

haul road and 22 M m3 waste dump in Waikato Coal Measures. The local 

geotechnical conditions encompass weak, presheared soft rocks of the Waikato 

Coal Measures and Marine Tertiary Rocks, with often difficult conditions for 

stability of highwalls. 

Mangatini Sump, 
Stockton Mine, Solid 
Energy New Zealand 

Ltd 
West Coast,  

New Zealand 

Project Manager, geotechnical design and design supervision of two water 

treatment dams and two large sumps (80,000 m3 and 2M m3) excavated into 

rock for Stockton Coal Mine.  Project area receives 6 m rainfall depth per annum. 

Mt Augusta Ridgeline 
Project, Stockton Mine, 

Solid Energy New 
Zealand Ltd 
West Coast,  

New Zealand 

Project Manager and Principal Geotechnical Engineer for design and supervision 

of deconstruction of 1.8 km long, 25 m high sandstone overburden and 

escarpment at Stockton Coal Mine.  Project had significant environmental values 

with threatened powelliphanta snails being found in project area.  Agreement 

with DOC to remove cliffs required detailed rock excavation process e.g., 

precision blasting and energy dissipation barrier to prevent rock any falling rock 

from entering DOC estate below cliffs. 
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Curriculum Vitae CLIVE ANDERSON 

Weavers Pit 
Restoration, Huntly, 

Solid Energy New 
Zealand Ltd 

Waikato, New Zealand 

Project Manager of geotechnical, geological, hydrogeological and environmental 

study for restoration of a 60 m deep opencast coal mine (Weavers Pit) as a lake 

for wildlife and recreational use for Coal Corp in Huntly. 

Smiths Mine Access 
Road, Huntly, 
CoalCorp Ltd 

Waikato, New Zealand 

Geotechnical investigation, assessment and reporting on remedial options for 

large failure of mine access road embankment fill for CoalCorp's Smiths Mine 

Access Road, Huntly. 

Coal Mine, Canterbury 
Coal Ltd 

Canterbury,  
New Zealand 

Geotechnical Assessment of pit wall stability in three proposed new pits and 

assessment of acid mine drainage issues for consent applications for Canterbury 

Coal Ltd. 

Ohinewai Coal 
Prospect, Huntly 

Waikato, New Zealand 

Updating of Financial Model for a 500 ktpa underground and opencast mines into 

the Ohinewai coal prospect near Huntly for CoalCorp. 

Township and Awaroa 
Coal Mines 

Highwall Design, Huntly, 
New Zealand 

Project Manager/Principal Geotechnical Engineer for probabilistic design of and 

risk assessment of 100 to 200 m highwalls in faulted tertiary age rocks with 

numerous bedding plane shears, taking account of economic limits for opencast 

coal mining of Township and Awaroa Coal Mines for Solid Energy. 

Solid Energy NZ Ltd 
Township North Waste 
Dump Failure  Huntly, 

New Zealand 

Geotechnical Engineer investigating the 3 M m3 failure of a waste dump back 

into the Township North Pit. 

Pike River Coal Ltd 
Pike Mine Consenting, 

West Coast,  
New Zealand 

Project Manager/Geotechnical Engineer for geotechnical and environmental 

studies for consenting of proposed Pike River Coal Mine on DOC land in 

Paparoa Range, West Coast.  Preparation and submittal of AEE and resource 

consent applications. 

Pike River Coal Ltd 
Pike Mine Consenting  

West Coast,  
New Zealand 

Project Manager for preliminary study of road vs rail options on the Pike River 

Coal Project for Grey District Council under Transfund's criteria for funding 

Alternative to Roads Projects.  Study compared costs and benefits of upgrading 

District roads to transport one million tonnes per annum of coal against building a 

branch railway. 

Pike River Coal Ltd 
Mining Access Road  

West Coast, 
New Zealand 

Project Manager and design engineer for 11 km of new access road built to 

service the new Pike River Coal Mine. Grades to 10%.  Road traversed 

mountainous country in bush over DoC controlled land.  Route selection needed 

to avoid rimu trees and avoid silt discharge to pristine river and preserve riparian 

margin. Construction carried out under DoC supervision successfully. 

 

PROJECT EXPERIENCE – LANDFILL 

Musgroves Site, 199 
Wigram Road, 
Christchurch 

Canterbury,  
New Zealand 

Provision of professional geotechnical advice on engineering strategies to reduce 

the risk of post-development settlement of gravel pits filled with demolition debris.  

Strategies include surcharging capped material with soil and dynamic 

compaction of key areas.  Site has been monitored for settlement bi-monthly 

since April 2007. 
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Curriculum Vitae CLIVE ANDERSON 

Mercury Bay Landfill 
Coromandel Peninsula, 

New Zealand 

Investigation of catastrophic failure of landfill that had been constructed on a 

large landslide.  Work involved design of remedial works. 

Cardup Landfill 
Western Australia, 

Australia 

Design of landfill cells for new landfill south of Perth at base of Darling 

Escarpment 

 

PROFESSIONAL AFFILIATIONS 

Chartered Professional Engineer NZ (CPENG) 

International Professional Engineer (IntPE NZ)  

Member of Institution of Professional Engineers, NZ (MIPENZ) 

Member NZ National Society for Earthquake Engineering  

Member NZ Geotechnical Society 

Member Society of Construction Law 

Member AUSIMM 

 

PUBLICATIONS 

Other Details available on request 
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