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INTRODUCTION  

1 My full name is Neil James Charters. I am a geotechnical engineer employed 

by ENGEO (NZ) Limited, based in Christchurch. 

2 I have 10 years of post-graduate experience.  I have a Bachelor of Science 

with Honours in Engineering Geology and a Master of Engineering in Civil 

Engineering, and am a Chartered Professional Engineer in Geotechnical 

Engineering.  I am on Christchurch City Council’s register of Approved 

Geoprofessionals for the issue of Producer Statements relating to Rockfall 

Protection Structures. 

3 I have significant experience in earthquake remediation projects following the 

Canterbury earthquake sequence in 2010 and 2011.  In particular, I have 

worked as the lead geotechnical engineer on a number of geotechnical risk 

assessments for a variety of clients and sites on the Port Hills of Christchurch 

and around the South Island for KiwiRail.   

4 I have read the Environment Court's Code of Conduct and agree to comply 

with it. My qualifications as an expert are set out above. I confirm that the 

issues addressed in this statement of evidence are within my area of 

expertise.  

5 The data, information, facts and assumptions I have considered in forming my 

opinions are set out in the part of the evidence in which I express my opinions. 

I have not omitted to consider material facts known to me that might alter or 

detract from the opinions I have expressed.  

SCOPE OF EVIDENCE 

6 I confirm that I participated in the expert conferencing on 12th and 13th January 

2015 in relation to the natural hazards chapter and agreed with the general 

matters discussed and documented on the joint expert report.   

7 My evidence focuses on two properties: 51 Heberden Avenue in Sumner and 

2 Cannon Hill Crescent in Mount Pleasant.  Both sites are located within the 

Cliff Hazard Management Area 2 (CHMA2) under the proposed District Plan.   

8 I have completed an assessment of the Annual Individual Fatality Risk (AIFR) 

at 51 Heberden Avenue (report attached).  
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9 I have assessed the risk at 2 Cannon Hill Crescent and conclude that the 

CHMA2 zoning is appropriate.  I have therefore provided conceptual 

recommendations for hazard removal works that may be completed in order to 

remove the property from CHMA2.   

51 HEBERDEN AVENUE, SUMNER 

10 The site at 51 Heberden Avenue in Sumner is partially located within the 

CHMA2.  

11 I have completed a risk assessment report for 51 Heberden Avenue and have 

concluded that the AIFR associated with cliff collapse at this site is less than 

10-4 and that the site should therefore not be located within CHMA2.  My risk 

assessment report is attached to this statement of evidence as Appendix A.   

12 I understand that this report has been submitted to Christchurch City Council 

and that Dr Ian Wright agrees with my conclusions.  I have reviewed Dr 

Wright’s evidence, which recommends removal of the hazard zone from the 

property (Planning Map 48).   

2 CANNON HILL TERRACE, MOUNT PLEASANT  

13 I have completed a geotechnical assessment of the cliff at 2 Cannon Hill 

Crescent and concur with the CHMA2 zoning.  A copy of my assessment 

report for this property is attached as Appendix B.  

14 The cliff is approximately 10 m high and the dominant defect set in the cliff 

dips out of the slope at approximately 60°. While I did not see any evidence of 

cliff collapse having occurred as a result of the 2010-2011 Canterbury 

Earthquake Sequence, I consider that these defects provide a kinematically 

feasible failure plane and that cliff collapse may therefore occur in future. The 

modelling undertaken by GNS indicates that the existing house at the site is 

located outside CHMA2 due to its distance from the base of the cliff meaning 

that inundation with debris from cliff collapse is unlikely.  I concur with this 

assessment.  

15 I have provided a conceptual design for cliff stabilisation that consists of 

cutting a bench at approximately the mid-height of the bluff and removing rock 

from the upper half of the bluff.  The back face of this cut will follow one of the 

defects that dips out of the face, thus removing the potential failure plane.  

Further work is required to develop a detailed design for this remedial work as 

set out in my report.   
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16 Provided the work described above may be completed within the property 

boundaries of 2 Cannon Hill Crescent, I consider that it will effectively remove 

the cliff collapse hazard.  Upon satisfactory completion of the work, the AIFR 

at the site resulting from cliff collapse is likely to be less than 10-4 and I 

consider that the property may then be removed from CHMA2.  

CONCLUSION 

17 I have completed a risk assessment report for 51 Heberden Avenue and have 

concluded that the AIFR associated with cliff collapse at this site is less than 

10-4 and that the site should therefore not be located within CHMA2.   

18 I have completed a geotechnical assessment of the cliff at 2 Cannon Hill 

Crescent and concur with the CHMA2 zoning.  I have provided a conceptual 

hazard mitigation scheme and consider that the cliff collapse hazard will be 

effectively removed by the proposed works.   

 

Dated this 20th day of February 2015 
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Risk assessment report for 51 Heberden Avenue, Sumner 
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Attn: Paul Keung 
 
 
27 January 2015 
 
 
Dear Paul, 
 
 

RE: Cliff Collapse Risk Assessment for 51 Heberden Avenue, Sumner. 
 Our Reference:  11846_1 
 

1 Introduction 

As requested, ENGEO has completed a geotechnical risk assessment for your property. We have 

completed this work in accordance with the terms and conditions of our proposal reference 

P2014.001.897 dated 5th January 2015.  

Our scope of works included completing a review of geotechnical reports produced for the property 

and a life risk assessment in accordance with Geological and Nuclear Science’s (GNS) risk 

assessment methodology.   

While the Christchurch City Council (CCC) does not have a list of approved geotechnical professionals 

for cliff collapse sites, ENGEO (as Geoscience, our former name) is on CCC’s list as an approved 

provider of geotechnical services for rockfall protection works. Further, ENGEO has attended the 

District Plan expert caucusing sessions and consider that we are therefore suitably qualified to present 

an expert opinion on your behalf.   

We understand that you intend to use this report to challenge CCC’s cliff hazard management area 

zoning in your property and that we may need to present evidence on your behalf at the District Plan 

hearings. We understand that the cliff collapse hazard management area has been applied to all sites 

assessed as having an annual individual fatality risk in excess of 1 x 10-4 per year.   

We confirm that we have read and agree to be bound by the Environment Court’s code of conduct for 

expert witnesses.   

2 Background 

Substantial cliff collapse occurred on many of the large sea cliffs between Taylor’s Mistake and Mount 

Pleasant as a result of the strong earthquake accelerations on 22 February and 13 June 2011.  

Geological and Nuclear Sciences (GNS, 2012a&b) carried out rigorous stability and risk modelling for 

the large cliffs (referred to as Pilot Study sites) that experienced cliff collapse and identified hazard 
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zones near the top and base of these cliffs. The cliff at 51 Heberden Avenue was not in the pilot study 

area and was not specifically mapped but the cliff collapse risk models were applied to the site.   

No field mapping was completed outside the pilot study sites, and the risk model from the cliff above 

Nayland Street in Sumner was applied to all non-pilot study cliffs as this was deemed a conservative 

approach. The following excerpt from the cliff collapse report discusses the risk assessment 

methodology for cliff collapse sites outside the pilot study area: 

“No systematic mapping of the cliff tops outside the pilot study areas has been carried out since the 

22nd February earthquakes.  Field inspections of some of the cliffs made by GNS Science and 

members of the Port Hills Geotechnical Group identified a few locations where about 1-2 m of the cliff 

edge had recessed.  To take the lack of data into account, a conservative approach has been adopted 

where the annual individual fatality risk for cliff-top recession, estimated for Nayland Street in the pilot 

study area, have been used.  Nayland Street data has been adopted as it represents the upper bound 

height of those cliffs included in this assessment and it is geometrically similar (in angle and shape) to 

these cliffs.  These assumptions were subsequently verified in the field by the Port Hills Geotechnical 

Group.” 

As a consequence of the cliff collapse risk model including the cliff below 51 Heberden Avenue, the 

property has been included in CCC’s Cliff Hazard Management Area 2 in their proposed new District 

Plan. An excerpt from the district plan is shown in Figure 1, below.   

Figure 1: Excerpt from Proposed District Plan 

 

You have also provided us with a copy of Opus International Consultants’ Statement of Geotechnical 

Suitability for your property (dated 3rd December 2014). This report considers the potential subdivision 

of the property and concludes that there is not a significant cliff collapse hazard, but does not include a 

geotechnical risk assessment. We agree with Opus’ geological assessment, and have provided a risk 

assessment as part of this report.   
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3 Site Assessment 

The property lies on a steep north facing slope above Sumner. It is on a broad ridge near the base of 

the Scarborough Hill. It is located immediately above existing residential properties and may be 

described in two parts: the driveway and the building area. The driveway extends between existing 

houses from Heberden Avenue to the top of the existing houses. This part of the site is very steep and 

includes a cliff face approximately 10-12 m high. The building portion of the site is a wide area of 

hillside above the existing houses, and consists of relatively steep slopes (typically approximately 45° 

near the base, reducing to 30-35° near the top). Numerous small (less than 3 m high) rock outcrops 

and boulders are located across the slope.   

Figure 2 shows a site plan with the approximate site boundary and cliff edge location annotated.   

Figure 2: Site Plan1 

 

1Base image from Google Earth. Red circles represent fallen rocks mapped by CCC following the 2010 - 2011 

Canterbury Earthquake sequence   

ENGEO visited the site on 20 January 2015 and made the following observations and interpretations: 

 The cliff below the driveway is approximately 12 m high and has an overall angle of 

approximately 65°. It exposes Basalt of the Mt Pleasant Formation. The majority of the cliff 

consists of slightly to moderately weathered, moderately strong, dark grey pyroclastic flow 

deposits. The upper 2 m of the cliff consists of blocky lava comprising slightly weathered 

Cliff Edge 
 

 

Site Boundary 
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strong to very strong dark grey basalt which appears to be a large inclusion within the 

pyroclastic flow. The pyroclastic flow is relatively massive, and shows no evidence of any 

instability, distress or dilation in the rock mass. Figure 2, below, shows the cliff below the 

property. The subject portion of the cliff is immediately behind the pipes in the foreground.   

 The cliff face either side of the subject property has some small caves within the pyroclastic 

flow.   

Figure 2: Photograph of the lower cliff at 51 Heberden Avenue 

 

 There are two further small cliff systems which extend most of the full width of the property, 

and these are shown in Figure 3. One is located on the upslope side of the existing driveway 

and is approximately 3 m high with an overall gradient of approximately 45°. This is a man-

made cliff that was formed when the driveway was cut into the slope. It exposes blocky 

basaltic lava with typical defect spacing of 1 m. There was no evidence of instability on this 

cliff. The other cliff is located approximately in line with the rear of the existing houses, and is 

also approximately 3 m high. The cliff exposes blocky lava, and has formed into columnar 

features. The typical block size is approximately 20 cm, but occasional blocks up to 1 m were 

observed. There is evidence of dilation on some defects within this bluff, but no evidence of 

recent rockfall was observed. Some apparently non-engineered rockfall mitigation works have 

been installed on and below this cliff, consisting of cables around the cliff face and catch 

fences between the cliff and the houses. It is not clear whether these were installed at the time 

of development of the houses or whether they are post-earthquake mitigation works.   

~ 12 m 
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Figure 3: Photograph of the upper cliffs at 51 Heberden Avenue 

     

               L: Cut slope above driveway         R: View of upper slope 

4 Cliff Collapse Modelling 

4.1 Existing Data 

Figure 4 shows GNS’ cliff collapse model for the site. The purple shaded zone is assessed as having 

an annual individual fatality risk in excess of 10-4 at the top of the cliff as a result of the cliff collapsing.  

The dotted lines behind, and parallel to, the purple shaded area represent “event lines”. These are 

essentially worst-case lines representing the maximum possible cliff top recession following 

earthquake shaking of approximately 2 g peak ground acceleration (GNS, 2012a).  

In addition to the cliff-top features, the red dashed line represents the maximum probable limit of fly-

rock as a result of cliff collapse, while the blue shading represents the annual individual fatality risk 

due to the cliff collapsing on top of the properties below.   

 

 

 

 

 

 

 

 

 

 

 

 

Cliff 
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Figure 4: Excerpt from GNS Cliff Collapse Report 

 

 

As discussed in Section 2, this site lies outside GNS’ pilot study and therefore these event and risk 

lines have not been assessed on a site specific basis. They were derived for the ~40 m high Nayland 

Street cliff and have been applied to all sites outside the cliff collapse pilot study area. By way of 

comparison, Figures 5 and 6 show a photograph and 1 m contour plan of the Nayland Street cliff, 

while Figures 7 and 8 show a photograph and 1 m contour plan of the cliff at 51 Heberden Avenue.  

This shows that Nayland Street is a much larger and higher cliff and has experienced significant cliff 

collapse. We therefore consider that a much greater cliff collapse hazard exists and is likely to affect a 

larger area at the crest of the slope compared to Heberden Ave. It is our opinion from the contour 

plans and site observations, that adopting the same set-back distances at Nayland Street and at 51 

Heberden Avenue is a conservative approach and may significantly overstate the risk. Further, the cliff 

collapse study specifically states that it is to be applied to natural sea-cliffs and not man made cliffs 

such as the cut slopes upslope of the driveway at 51 Heberden Avenue.   

51 Heberden Ave 
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Figure 5: Photograph of Nayland Street Cliff (credit: Google Earth) 

 

Figure 6: 1 m contour plan showing Nayland Street Cliff                                                                

(credit: Canterbury Geotechnical Database) 

 

~40 m 
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 Figure 7: Photograph of Nayland Street Cliff (credit: Google Earth) 

 

Figure 8: 1 m contour plan showing Heberden Avenue Cliff                                                     

(credit: Canterbury Geotechnical Database) 

 

~12 m 
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4.2 Site Specific Slope Stability Assessment 

In order to assess the likelihood of cliff collapse affecting the house, we have assessed the existing 

failures and the likelihood of future significant cliff recession.   

No evidence of cliff-top recession or failure within the pyroclastic material at the base of the lower 

(12 m) cliff was observed, and based on the strong ground accelerations to which the cliff has been 

subjected, we consider it unlikely to occur catastrophically in the future. Ongoing weathering of the 

pyroclastic material may undermine the overlying large basalt blocks and cause failure to occur, but no 

evidence of this was observed on site. This is unlikely to lead to a large scale recession of the slope 

crest.   

The upper two cliffs are approximately 3 m in height and therefore any failure that may occur in the 

future is unlikely to lead to large scale slope recession. Failures of these slopes may result in isolated 

rockfall. The slope is very steep and therefore any development on the site (including construction of 

accessways and houses) will likely need extensive earthworks. The rockfall hazard is best assessed 

upon development of a site plan that identifies the locations of cliffs or cut slopes that will remain.   

Water management will be critical post development to reduce the likelihood of failure occurring within 

the loess soils overlying the rock.   

5 Risk Assessment 

GNS (2012a) have evaluated the risk of loss of life to an individual from cliff top recession using the 

following expression:  

R(LOL) = P(H) × P(S:H) × P(T:S) × V(D:T) 

where:  

 R(LOL) is the risk (annual probability of loss of life (death) of a person) from rockfall. This is 

equivalent to CCC’s Annual Individual Fatality Risk (AIFR);  

 P(H) is the annual frequency of a cliff collapse initiating event and the area of cliff top lost;  

 P(S:H) is the proportion of cliff top lost at a given distance back from the cliff edge and the 

probability of a person falling if one of N square metres of cliff top is lost at that point;  

 P(T:S) is the probability that a person is present at the cliff top as the material falls; and 

 V(D:T) is the vulnerability, or probability that a person will fall and is killed, if present at the cliff 

edge. V(D:T) is taken as 1.0 (refer Section 5.5 GNS 2012a). 

For cliff collapse risk, P(H) is a function of cliff area: the greater the area of cliff face lost, the greater the 

loss of land at the top of the cliff. GNS assessed the date throughout Christchurch following the 

February 2011 earthquake and determined that the ratio of face loss to crest loss at the 95% 

percentile is 0.019 (that is, for every 100 m2 of cliff face lost, 1.9 m2 of cliff top recession is expected).  

The area of cliff face that may affect the house, if it were to collapse, has been taken as the length of 

the cliff that lies below the driveway, which is approximately 15 m long and thus P(H) is 0.019 x 100 

/(15 x 10) = 0.285. In conjunction with the amount of regression, we assessed the probability of a cliff 

collapse initiating event. We have used probabilities developed by GNS (2012b) for earthquakes with 

peak ground accelerations in excess of 0.4 g on the assumption that cliff collapse will only occur in the 

event of a significant earthquake.   
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P(S:H) is the spatial probability of a person being present within the area of cliff collapse and falling and 

therefore is not site-specific. We have adopted GNS’ approach of assigning an area of 1 m2 to a 

person and calculated P(S:H) as 1/(15 x 10) = 0.0067, given the 10 m width and 15 m length of the 

affected area of driveway. 

P(T:S) represents the likelihood of someone being present at the time the cliff collapses. GNS adopted 

a value of 1.0 for occupancy for cliff collapse, which was reduced to 90% to account for the fact that 

people may run away from a cliff top in an earthquake. Given that the potential recession area is likely 

to be entirely within the driveway area, and that this will potentially be a shared driveway for up to 3 

families, we have reduced the occupancy to 10% in our risk assessment. This allows 2.4 hours of 

occupancy per day, which we consider to be suitably conservative.   

GNS assessed vulnerability (V(D:T)) as 100% based on the fact that the pilot study cliffs were between 

40 and 110 m in height. This seems reasonable for this height of cliff. The cliff at 51 Heberden Avenue 

is some 10-12 m high, and it seems reasonable to assume that the likelihood of a fatality would be 

somewhat less from a 12 m fall than from a 40 m fall. GNS’ report mentions a study that found that 

50% of children suffered fatal injuries if they fall from 12 to 15 m height. For this reason, we 

recommend reducing vulnerability to 75%.  

Our specific risk assessment for the site suggests that the AIFR is 4.9 x 10-6, which is approximately 

one and a half orders of magnitude lower than CCC’s definition of the cliff collapse hazard zone, and 

therefore we recommend that the property is removed from the hazard zonation.  

Any proposed development at the site must be subject to the normal geotechnical investigations for 

hill sites, including but not limited to, slope stability, foundation bearing capacity, erosion and rockfall.   

6 Summary and Conclusions  

The cliff face below the driveway at 51 Heberden Avenue consists of massive pyroclastic Basalt and 

shows no evidence of instability. We have completed a risk assessment using GNS’ methodology and 

assessed the annual individual fatality risk to future landowners as 4.9 x 10-6.The upper cliff faces are 

less than 3 m high and therefore unlikely to cause large scale cliff collapse, and we have not therefore 

assessed the risk at these features.   

This risk is approximately one and a half orders of magnitude below CCC’s threshold for cliff hazard 

management area 2 and we therefore recommend that the site be excluded from this area.  

Notwithstanding this, we consider that development of the site will be geotechnically challenging and 

that further geological hazard assessment will be required, and should address at least the following 

hazards: 

 Rockfall; 

 Slope stability; 

 Erosion; 

 Foundation Bearing Capacity. 

This is standard practice for Port Hills and Banks Peninsula hill sites and is therefore covered under 

normal consenting procedures.   
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7 Limitations 

i. We have prepared this report in accordance with the brief as provided.  This report has been 

prepared for the use of our client, K I Commercial, their professional advisers and the relevant 

Territorial Authorities in relation to the specified project brief described in this report. No liability is 

accepted for the use of any part of the report for any other purpose or by any other person or 

entity. 

ii. The recommendations in this report are based on the ground conditions indicated from published 

sources, site inspections and subsurface investigations described in this report based on 

accepted normal methods of site investigations.  Only a limited amount of information has been 

collected to meet the specific financial and technical requirements of the Client’s brief and this 

report does not purport to completely describe all the site characteristics and properties.  The 

nature and continuity of the ground between test locations has been inferred using experience 

and judgement and it must be appreciated that actual conditions could vary from the assumed 

model. 

iii. Subsurface conditions relevant to construction works should be assessed by contractors who can 

make their own interpretation of the factual data provided.  They should perform any additional 

tests as necessary for their own purposes. 

iv. This Limitation should be read in conjunction with the IPENZ/ACENZ Standard Terms of 

Engagement.  

v. This report is not to be reproduced either wholly or in part without our prior written permission.  

 
 

Yours sincerely,  
 
For and on behalf of ENGEO (NZ) Limited 
 
 

      

Neil Charters, MIPENZ, CPEng    Richard Justice, PEngGeol 

Associate Geotechnical Engineer    Principal Engineering Geologist 
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Attn: Paul Keung 
 
 
18 February 2015 
 
 
Dear Paul, 
 
 

RE: Cliff Collapse Risk Assessment for 2 Cannon Hill Crescent, Mount Pleasant. 
 Our Reference:  11846_2 
 

1 Introduction 

As requested, ENGEO has completed a geotechnical risk assessment for your property. We have 

completed this work in accordance with the terms and conditions of our proposal reference 

P2014.001.897 dated 5th January 2015.  

Our scope of works included completing a review of geotechnical reports produced for the property 

and a life risk assessment in accordance with Geological and Nuclear Science’s (GNS) risk 

assessment methodology as well as producing conceptual remediation plans for works to reduce the 

life risk to tolerable levels.   

While the Christchurch City Council (CCC) does not have a list of approved geotechnical professionals 

for cliff collapse sites, ENGEO (as Geoscience, our former name) is on CCC’s list as an approved 

provider of geotechnical services for rockfall protection works. Further, ENGEO has attended the 

District Plan expert caucusing sessions and consider that we are therefore suitably qualified to present 

an expert opinion on your behalf.   

We understand that you intend to use this report to challenge CCC’s cliff hazard management area 

zoning in your property and that we may need to present evidence on your behalf at the District Plan 

hearings. The cliff collapse hazard management area has been applied to all sites assessed as having 

an annual individual fatality risk in excess of 1 x 10-4 per year.   

2 Background 

Substantial cliff collapse occurred on many of the large sea cliffs between Taylor’s Mistake and Mount 

Pleasant as a result of the strong earthquake accelerations on 22 February and 13 June 2011.  

Geological and Nuclear Sciences (GNS, 2012a&b) carried out rigorous stability and risk modelling for 

the large cliffs (referred to as Pilot Study sites) that experienced cliff collapse and identified hazard 

zones near the top and base of these cliffs. The cliff at 2 Cannon Hill Crescent was not in the pilot 

study area and was not specifically mapped but the cliff collapse risk models were applied to the site.   
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No field mapping was completed outside the pilot study sites, and the risk model from the cliff above 

Nayland Street in Sumner was applied to all non-pilot study cliffs as this was deemed a conservative 

approach. The following excerpt from the cliff collapse report discusses the risk assessment 

methodology for cliff collapse sites outside the pilot study area: 

“No systematic mapping of the cliff tops outside the pilot study areas has been carried out since the 

22nd February earthquakes.  Field inspections of some of the cliffs made by GNS Science and 

members of the Port Hills Geotechnical Group identified a few locations where about 1-2 m of the cliff 

edge had recessed.  To take the lack of data into account, a conservative approach has been adopted 

where the annual individual fatality risk for cliff-top recession, estimated for Nayland Street in the pilot 

study area, have been used.  Nayland Street data has been adopted as it represents the upper bound 

height of those cliffs included in this assessment and it is geometrically similar (in angle and shape) to 

these cliffs.  These assumptions were subsequently verified in the field by the Port Hills Geotechnical 

Group.” 

As a consequence of the cliff collapse risk model including the cliff above 2 Cannon Hill Crescent, the 

property has been included in CCC’s Cliff Hazard Management Area 2 in their proposed new District 

Plan. An excerpt from the district plan is shown in Figure 1, below.   

Figure 1: Excerpt from Proposed District Plan 

 

3 Site Assessment 

The property lies on relatively flat land in the base of what appears to be an old quarry.  The cliff 

behind the property is approximately 10 m high.  Assessment of aerial photographs taken in 1941 

suggest that there was a sea cliff at this location, but that the cliff was modified by quarrying in the 

1970s.   
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The house is located approximately 20 m from the base of the cliff and is not within GNS’ cliff collapse 

hazard zone.   

Figure 2 shows a site plan with the approximate site boundary and cliff edge location annotated.   

Figure 2: Site Plan1 

 

1Base image from Google Earth. Red circles represent fallen rocks mapped by CCC following the 2010 - 2011 

Canterbury Earthquake sequence   

ENGEO visited the site on 10 February 2015 and made the following observations and interpretations: 

 The cliff behind the house is approximately 10 m high and has an overall angle of 

approximately 75°. It exposes Basalt of the Mt Pleasant Formation. The majority of the cliff 

consists of slightly to moderately weathered, moderately strong, dark grey pyroclastic flow 

deposits. The lower 3-4 m of the cliff is covered with a thick blanket of ivy but appears to 

consist of blocky lava comprising slightly weathered strong to very strong dark grey basalt. 

The pyroclastic flow deposit has a number of relatively persistent defects dipping at 

approximately 60° out of the face (i.e. towards the west).   

 There are a number of small areas of instability on the cliff face that are defined by 

intersecting defects forming loose blocks.  No evidence of large scale instability having 

occurred was observed.  Figure 2, below, shows the cliff above the property.  

 

 

 

Cliff Edge 

 

Site Boundary 

N 
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Figure 2: Photograph of the cliff at 2 Cannon Hill Crescent 

 

 There was evidence of a recent debris flow in the gully at the southeastern corner of the 

property.  We understand that this is the remnants of the upslope neighbours house (7 

Osmond Lane) and retaining walls. These fell from the cliff as a result of a broken water pipe 

further up the slope which were damaged in the 2010-2011 Canterbury Earthquake 

Sequence.  We have not included this debris flow in our hazard assessment for the property.   

4 Cliff Collapse Modelling 

4.1 Existing Data 

Figure 4 shows GNS’ cliff collapse model for the site. The purple shaded zone is assessed as having 

an annual individual fatality risk in excess of 10-4 at the top of the cliff as a result of the cliff collapsing.  

The dotted lines behind, and parallel to, the purple shaded area represent “event lines”. These are 

essentially worst-case lines representing the maximum possible cliff top recession following 

earthquake shaking of approximately 2 g peak ground acceleration (GNS, 2012a).  

In addition to the cliff-top features, the red dashed line represents the maximum probable limit of fly-

rock as a result of cliff collapse, while the blue shading represents the annual individual fatality risk 

due to the cliff collapsing on top of the properties below.  The three darkest blue shadings represent 

risk in excess of 10-4, which has been adopted as the threshold for the cliff collapse zone. 

~ 10 m 

Defect surface 

Defect surfaces 

Loose blocks 

Loess 

Basalt 

Pyroclastic Flow Deposit 
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Figure 4: Excerpt from GNS Cliff Collapse Report 

 

As discussed in Section 2, this site lies outside GNS’ pilot study and therefore these event and risk 

lines have not been assessed on a site specific basis. They were derived for the ~40 m high Nayland 

Street cliff and have been applied to all sites outside the cliff collapse pilot study area.  

4.2 Site Specific Slope Stability Assessment 

In order to assess the likelihood of cliff collapse affecting the house, we have assessed the existing 

failures and the likelihood of future significant cliff recession.   

The defects shown in Figure 2 that dip out of the slope provide a kinematically feasible release plane 

for cliff collapse.  No dilation was observed on these defects and the rock is relatively unweathered, so 

failure under static conditions is considered unlikely and has not been assessed further.  However, the 

potential for failure in future large earthquakes cannot be ruled out and we therefore consider that a 

cliff collapse hazard exists.  

While the defects appear to be spaced at approximately 1 m intervals, and therefore the potential for 

large scale recession of the cliff crest is unlikely, there is potential for inundation of the land below the 

cliff should a cliff collapse occur.   

5 Risk Assessment 

GNS (2012a) have evaluated the risk of loss of life to an individual from debris inundation as a result 

of cliff collapse, and present the results in a series of figures, including the data shown in Figure 4, 

above.  We concur with GNS’ risk assessment for this particular site, which suggests that the risk is in 

2 Cannon Hill 

Crescent 
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excess of 10-4 at the rear of the property but that the current house location is in an area of tolerable 

risk.   

GNS’ risk assessment is based on a permanent occupancy of the area below the slope.  Given that 

there are no proposed developments at this site, this is a conservative position to take as the area 

may be used for landscaping and therefore the occupancy may be significantly lower.  However, it is 

possible that future owners of the site may wish to develop this land for some other purpose (for 

example a sleep-out or house) which may significantly alter the risk profile   

It is therefore our opinion that placing the property within Cliff Hazard Zone 2 in the proposed District 

Plan is appropriate.  Furthermore we consider that mitigation works must be undertaken to eliminate 

the cliff collapse hazard if you wish to remove the cliff hazard management zone from this property.  

6 Hazard Mitigation Works 

We have completed a conceptual design showing our recommended remedial works to reduce the cliff 

collapse hazard to a level where the site could be removed from the cliff collapse management zone.   

Our conceptual design is based on a reducing the cliff face angle so that there is a very low possibility 

of collapse.  This is the only way we are aware of to remove the hazard zoning.  Alternative solutions 

such as shotcrete reinforcement and rock bolting may be suitable to reduce the hazard but these 

solutions will not remove the hazard zoning as they need maintenance in the foreseeable future.  

Accordingly, any solution which leaves the hazard in place would not result in the property being 

removed from the Cliff Hazard Zone proposed in the District Plan. 

Figure 5, below, shows our conceptual earthworks solution; detailed design will be required prior to 

construction.  This solution will extend across the full width of the subject property.  The cut slope 

should be parallel to the defect set visible in the cliff, and the actual angle of the cut slope will need to 

be determined on site once the excavation work is underway to follow a defect plane.  Above the rock, 

we recommend cutting the loess soil to approximately 50° such that the cut can be within the property 

boundary. Some erosion of the soil may be expected, but the 2 m wide bench in the rock combined 

with the buttress is anticipated to be wide enough to prevent the soil failures from reaching the pool 

area.   
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Figure 5: Conceptual Hazard Mitigation Works 

 

This work should not be undertaken until the property boundary has been established by a cadastral 

surveyor to ensure that the work is undertaken entirely within the property boundaries at 2 Cannon Hill 

Crescent.  It will also be necessary to confirm the easement location at the base of the cliff and 

whether it will be possible to track a large excavator across the easement and/or build an access ramp 

to the top of the cliff over the easement.  Resource Consent will also be required as the earthworks 

will involve moving significantly more than 10 m3 of material on the site.   

Further geotechnical design will be required prior to undertaking the remedial works and will include 

(at least): 

 Assessment of the cliff face following removal of vegetation; 

 Slope stability analysis; 

 Consideration of drainage and water run-off management; 

 Residual risk assessment; 

 Provision of design drawings and specifications for the work. 

7 Summary and Conclusions  

The cliff face above 2 Cannon Hill Crescent consists largely of massive pyroclastic Basalt and shows 

no evidence of large scale cliff collapse instability. We have identified a kinematically feasible failure 

mode for the cliff and therefore concur with GNS’ risk assessment for the site.  We consider that the 

current cliff collapse hazard zoning is appropriate as there is some level of risk to the rear of the 

property.  The dwelling is not considered to have an unacceptably high risk due to cliff collapse 

We understand that you intend to challenge this zoning and have prepared a conceptual design for 

remedial work necessary to create an engineered slope with satisfactory factors of safety and thus 
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reduce the cliff collapse to tolerable levels and allow the cliff collapse hazard zone to be removed.  

Once implemented, we consider that the property could be removed from the proposed Cliff Hazard 

Zone. 

Further detailed design work, topographic survey, resource consenting and consideration of 

easements will be required prior to undertaking the mitigation works.   

8 Limitations 

i. We have prepared this report in accordance with the brief as provided.  This report has been 

prepared for the use of our client, K I Commercial, their professional advisers and the relevant 

Territorial Authorities in relation to the specified project brief described in this report. No liability is 

accepted for the use of any part of the report for any other purpose or by any other person or 

entity. 

ii. The recommendations in this report are based on the ground conditions indicated from published 

sources, site inspections and subsurface investigations described in this report based on 

accepted normal methods of site investigations.  Only a limited amount of information has been 

collected to meet the specific financial and technical requirements of the Client’s brief and this 

report does not purport to completely describe all the site characteristics and properties.  The 

nature and continuity of the ground between test locations has been inferred using experience 

and judgement and it must be appreciated that actual conditions could vary from the assumed 

model. 

iii. Subsurface conditions relevant to construction works should be assessed by contractors who can 

make their own interpretation of the factual data provided.  They should perform any additional 

tests as necessary for their own purposes. 

iv. This Limitation should be read in conjunction with the IPENZ/ACENZ Standard Terms of 

Engagement.  

v. This report is not to be reproduced either wholly or in part without our prior written permission.  

 
 

Yours sincerely,  
 
For and on behalf of ENGEO (NZ) Limited 
 
 
 
      
Neil Charters, MIPENZ, CPEng    Richard Justice, PEngGeol 

Associate Geotechnical Engineer    Principal Engineering Geologist 


