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EXECUTIVE SUMMARY 

ES 1 INTRODUCTION 

This report combines recent field information collected from the Cliff Street site with 
numerical slope-stability modelling to assess the risk to people in dwellings and users of 
Main Road from mass movements at the site. The results in this report supersede those in 
an earlier cliff-collapse study (Massey et al., 2012a). 

Following the 22 February 2011 earthquakes, extensive cracking of the ground had occurred 
in some areas of the Port Hills. In many areas, the cracks were thought to represent only 
localised relatively shallow ground deformation in response to shaking. In other areas, 
however, the density and pattern of cracking and the amounts of displacement across cracks 
clearly indicated large mass movements. 

Christchurch City Council contracted GNS Science to carry out further detailed investigations 
of these areas of systematic cracking, in order to assess the nature of the hazard, the 
frequency of the hazard occurring, and whether the hazard could pose a risk to life, a risk to 
existing dwellings and/or a risk to critical infrastructure. This work on what are termed mass 
movements is being undertaken in stages. Stage 1 is now complete (Massey et al., 2013) 
and stages 2 and 3 are detailed investigations of mass movements from highest to lowest 
priority. 

The Stage 1 report identified 36 mass movements of concern in the Port Hills project area. 
Four of these were further subdivided based on failure type, giving a total of 46 mass 
movements including their sub areas. Fifteen of these were assessed as being in the Class I 
(highest) relative hazard-exposure category. Mass movements in the Class I category could 
cause loss of life, if the hazard were to occur, as well as severe damage to dwellings and/or 
critical infrastructure, which may lead to the loss of services for many people. 

The Cliff Street mass movement was assessed in the Stage 1 report as being in the highest 
relative hazard exposure category (Class I). The risk to life of people in dwellings at the slope 
crest and toe from debris avalanche and cliff top recession hazards associated with the steep 
rock slopes (collectively termed cliff collapse) has already been estimated for the Cliff Street 
mass movement and is contained in Massey et al. (2012a).  

Following the 22 February 2011 earthquakes significant localised cracking was also noted in 
the loess (soil) above the steep rock slope at the Cliff Street mass movement and a 
persistent low-angle discontinuity – along which movement of the mass occurred – was 
observed daylighting (exposed) in the slope face. The significance of the cracking and 
discontinuity, with respect to slope instability hazards, was not assessed by Massey et al. 
(2012a). 

The loess and rock slopes in the Port Hills have always been susceptible to landslides (e.g., 
Bell and Trangmar, 1987; McSaveney et al., 2014). Debris from loess landslides, in particular 
earth/debris flows (Cruden and Varnes, 1996) has the potential to travel further than debris 
from cliff collapse. Debris from large cliff collapses – larger than those assessed by Massey 
et al. (2012a) – has the potential to fall from the cliff, with the resultant debris travelling 
further than occurred in the 2010/11 Canterbury earthquakes. 
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rainfall intensity and duration, and that the slopes in their present condition are particularly 
vulnerable to water ingress via the numerous open cracks in the ground surface, and 
therefore more susceptible to failure. 

For the assessed earth/debris flow source areas, the likely volume of material mobilised 
during a slope failure event and the frequency of the slope failure triggering event are both 
uncertain. Nonetheless, the slopes have remained stable during earthquake aftershocks 
since the 22 February 2011 earthquake. Although small (less than 50 m3 in volume) 
earth/debris flows were triggered at the site by rain following the 2010/11 Canterbury 
earthquakes, no larger landslides have occurred.  

Cliff collapse (debris avalanches and cliff-top recession) 

The main triggering mechanism for the assessed cliff collapses is considered to be 
earthquakes, although rainfall could trigger smaller volumes of rock to fall from the slopes. 

The dynamic analysis used the proprietary Slope/W model to calibrate the slope parameters, 
by simulating the 22 February and 13 June 2011 earthquakes, then adjusting the parameters 
to give the best fit with the observed slope movement and cracking. These best-fit 
parameters were then used in the model to explore the susceptibility of each of the newly 
identified potential source areas to different levels of ground shaking. 

The findings of the dynamic analyses suggest that large cliff collapses are only likely to be 
triggered under significant earthquake shaking. 

Failure volumes and triggering frequencies 

For the two assessed landslide hazards, the likely volume of material mobilised during a 
slope failure event and the frequency of the slope failure triggering event are both uncertain.  

The volumes of material involved in, and the frequency of, slope failure events from the 
newly identified sources have been assessed. Both are highly uncertain; the frequency 
particularly so. On the one hand the slopes have survived some substantial aftershocks and 
two substantial rainfall episodes since the 22 February 2011 earthquake without major 
failure. On the other hand: 

a. the strength of the slopes has been weakened by cracking; and in particular 

b. the cracking has made the slopes more vulnerable to water ingress, which would be 
expected to weaken them further (possibly critically so in a severe weather episode). 

The risk assessment carried out in the earlier cliff collapse study was modified to include an 
assessment of the risk from: 1) earth/debris flows; and 2) large cliff collapses (larger than 
those assessed previously by Massey et al., 2012a), using a range of frequency and 
landslide volume parameters to reflect the associated uncertainties. The overall annual 
individual fatality risk for dwelling occupants from the combined landslide hazards has been 
assessed. 

The key findings of the risk assessment are that the newly identified hazards increase the 
risk level at dwellings already identified (Massey et al., 2012a) as being at high levels of risk. 
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ES 3 REPORT CONCLUSIONS 

With reference to source area boundaries as shown in Figure 2, the conclusions of this report 
are: 

ES3.1 Hazard 

1. There is the potential for large cliff collapses, larger than those assessed by Massey 
et al., 2012a) and earth/debris flows to occur at the site: 

a. at the west end of the site, there is potential for cliff collapses of around 1,000–
2,500 m3, largely of rock (corresponding to assessed source area 1); 

b. on the eastern slope, there is the potential for volumes ranging up to several 
hundreds of cubic metres of earth/debris flows of mixed soil and rock 
(corresponding to assessed source area 2); and 

c. much of the rock-slope face appears unstable and rocks fall from the slope with 
no apparent trigger, indicating that parts of the slope face are only marginally 
stable to unstable, with factors of safety much less than those assessed for the 
deep-seated failures a) and b) above. 

2. The most likely triggers for these newly identified landslide sources are earthquake 
ground shaking for the cliff collapses and prolonged heavy rainfall for the earth/debris 
flows.  

3. The frequency of landslide events from these sources is difficult to estimate and could 
be anything from once in a few tens to once in many hundreds of years. 

ES3.2 Risk 

The results from the risk assessment, taking into account the debris avalanche hazard (at the 
west of the site, source area 1) and the earth/debris flow hazard (at the east of the site, 
source area 2), have only increased the level of risk at those dwellings that were already 
within the original cliff-collapse risk areas, presented in Massey et al. (2012a). No additional 
dwellings are within the revised risk zones. 

ES3.3 Risk management  

1. A risk-management option of monitoring rainfall, soil moisture and pore-pressure in the 
source areas, may be of some value in providing warning of conditions approaching 
critical levels, but: 

a. Such early warning could not be assured, as experience in the Port Hills and 
elsewhere is that water levels in open tension cracks can rise very rapidly to 
critical values. 

b. There would be little time to evacuate potentially at-risk residents given the rapid 
nature of the hazard. 

c. There is currently no precedent data for rates of change of groundwater or water 
content of loess to provide reliable alert criteria. 

2. It should be noted that slope material strengths, and thus factors of safety, may be 
expected to deteriorate with time, weathering and any further earthquakes. 
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ES 4 RECOMMENDATIONS 

GNS Science recommends that based on the results of this study, Christchurch City Council: 

ES4.1 Policy and planning 

1. Decide what levels of life risk to dwelling occupants will be regarded as tolerable.  

2. Decide how Council will manage risk on land where life risk is assessed to be at the 
defined threshold of intolerable risk and where the level of risk is greater than the 
threshold.  

3. Prepare policies and other planning provisions to address risk lesser than the 
intolerable threshold in the higher risk range of tolerable risk. 

ES4.2 Short-term actions 

ES4.2.1 Hazard monitoring strategy 

1. Include the report findings in a slope stability monitoring strategy with clearly stated 
aims and objectives, and list how these would be achieved, aligning with the 
procedures described by McSaveney et al. (2014); 

2. Ensure that the existing emergency management response plan for the area identifies 
the dwellings that could be affected by movement and runout, and outlines a process to 
manage a response. 

ES4.2.2 Risk monitoring strategy 

Monitoring the slope for early warning of potentially dangerous trends in groundwater or 
slope movement as part of a hazard warning system, is not recommended as it is currently 
not thought to be feasible. Monitoring alerts for slope deformation and groundwater changes 
cannot be relied upon to provide adequate early warning as experience from Port Hills and 
elsewhere shows that deformation and groundwater changes can occur rapidly, with little 
warning, and there is little site-specific information on which to build such a warning system. 

ES4.2.3 Surface/subsurface water control 

Reduce water ingress into the slopes, where safe and practicable to do so, by: 

a. Identifying and relocating all water-reticulation services (water mains, sewer pipes and 
storm water) inside the identified mass-movement boundaries (at the slope crest) to 
locations outside the boundary, in order to control water seepage into the slope. In 
particular, the damaged storm water systems at the crest of the assessed site, and 
should if possible be relocated away from this area; and 

b. Control surface water seepage by filling the accessible cracks on the slope and 
providing an impermeable surface cover to minimise water ingress. However, it is not 
thought that such works alone are sufficient to reduce the risk.  
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ES4.3 Long-term actions 

ES4.3.1 Engineering measures 

Assess the cost, technical feasibility and effectiveness of alternative longer term engineering 
and relocation solutions, for example (but not limited to): 

a. Removal/stabilisation of the slopes in the assessed source areas; 

b. Installation of drainage works; 

c. Relocation of houses to alternative locations within existing property boundaries;  

d. Withdrawal and rezoning of the land for non-residential use; or  

e. Any proposed engineering works would require a detailed assessment and design and 
be carried out under the direction of a certified engineer, and should be independently 
verified in terms of their risk reduction effectiveness by appropriately qualified and 
experienced people. It should be noted that the uncertainty relating to the failure 
mechanisms at source area 1 requires further investigation before engineering 
solutions can be designed. 

ES4.3.2 Reassessment 

Reassess the risk and revise and update the findings of this report in a timely fashion, for 
example:  

a. in the event of any changes in ground conditions; or 

b. in anticipation of further development or land use decisions. 
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1.0 INTRODUCTION 

This report combines recent field information collected from the Cliff Street site with 
numerical slope-stability modelling to assess the risk to people in dwellings and users of 
Main Road from mass movements at the site. The results in this report supersede those in 
an earlier cliff collapse study (Massey et al., 2012a). 

1.1 BACKGROUND 

Following the 22 February 2011 earthquakes, members of the Port Hills Geotechnical Group 
(a consortium of geotechnical engineers contracted to Christchurch City Council to assess 
slope instability in the Port Hills) identified some areas in the Port Hills where extensive 
cracking of the ground had occurred. In many areas cracks were thought to represent only 
localised relatively shallow ground deformation in response to shaking. In other areas 
however, the density and pattern of cracking and the amounts of displacement across cracks 
clearly indicated that larger areas had moved systematically en masse as a mass movement.  

Christchurch City Council contracted GNS Science to carry out detailed investigations of the 
identified areas of mass movement, in order to assess the nature of the hazard, the 
frequency of the hazard occurring, and whether the hazard could pose a risk to life, a risk to 
existing dwellings and/or a risk to critical infrastructure (defined as water mains, sewer 
mains, pump stations, electrical substations and transport routes). This work is carried out 
under Task 4 of contract No. 4600000886 (December 2011). 

The main purpose of the Task 4 work is to provide information on slope-stability hazards in 
the Port Hills, that were initiated by the 2010/11 Canterbury earthquakes. This is to assist 
Christchurch City Council land-use and infrastructure planning and management in the 
areas, as well as to establish procedures to manage on-going monitoring and investigation of 
the hazards and for civil defence emergency management procedures. 

The Task 4 work is being undertaken in stages. Stage 1 is now complete (Massey et al., 
2013; hereafter referred to as the Stage 1 report) and comprised: 1) a list of the areas 
susceptible to significant mass movement; 2) the interpreted boundaries of these areas (as 
understood at the time of reporting); and 3) an initial “hazard-exposure” assessment  
(Table 1) to prioritise the areas with regards to future investigations and what type of 
investigations could be appropriate. Stages 2 and 3 comprise detailed assessments of 
individual mass movements in order of decreasing priority.  

The Stage 1 report identified 36 mass movements of concern in the Port Hills project area. 
Four of these were further subdivided based on failure type, giving a total of 46 mass 
movements including their sub areas (Figure 1). Fifteen of these were assessed as being in the 
Class I (highest) relative hazard exposure category, and the results of their detailed 
investigation and assessment are presented in Stage 2, which includes this Stage 3 report on 
the Cliff Street Class I mass movement. Mass movements assessed as being in the Class I 
category could cause loss of life, if the hazard were to occur, as well as severe damage to 
dwellings and/or critical infrastructure, which may lead to the loss of services for many people. 

The Stage 1 report recommended that mass movements in the Class I relative hazard-
exposure category should be given a high priority by Christchurch City Council for detailed 
investigations and assessment. 
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Refer to Appendices 2 and 3 of report CR2012/317 for maps and more details of each mass 
movement.
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