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1 Project Details 
Ruby Bay, Stafford Drive, (RP (Route Position) RP3.06 to RP3.585), Mapua has experienced 
significant slope instability and failure following a rain event between 17th and 20th August 2022, 
which caused a significant amount of material to slip onto various sections of Stafford Drive, 
blocking it at its northern and southern areas. In addition, an area of garden at the property at 11 
Aporo Road was also lost onto Stafford Road below. 

Tasman District Council (TDC) as part of the Tasman Alliance requested Downer New Zealand 
Limited (Downer) to look at the site and provide a geotechnical risk assessment. This report 
provides comment on the slips, observations on site and stability, a risk assessment, and options 
for remediation. 

2 Scope of Work 
The scope is to: 

A. Assess risk to road users
B. Assess risk of further slips to land above
C. Discuss triggers of slips
D. Provide comment on future options, i.e., close the road, keep road open, other options and

mitigations
E. Assess extent of work required and methodology for reopening road.

To undertake the scope, the following has been undertaken: 

1. Compiled historical and local geological information from published sources and undertaken
a site visit to observe the source area.

2. Collected information on landslip occurrence, volumes, site observations, impacts of rainfall,
debris, traffic counts, road alignment width and safety / warning signage.

3. Produced a plan showing slip locations and key features such as head scarp and deposited
material and a brief description of failures and triggers.

4. Undertaken a qualitative risk assessment of short and long-term risks to persons or traffic
using Stafford Drive including recommending suitable risk mitigation measures or operational
management needs.

5. Provided a report (this report) summarising all the above with recommendations for further
'action’.
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3 Risk Mitigation Process 
Introduction 

Hazards are most commonly addressed within the framework of risk management. This involves 
charactering the hazard and evaluating the risk posed by the hazard. Hazard and risk are defined 
as follows (AGS, 2007)1: 

Hazard: a condition with the potential for causing an undesirable consequence, this includes 
describing the location and the probability of the occurrence within a given time period. 

Risk: a measure of the probability and severity of an adverse effect to health, property, or the 
environment. Once the risk is estimated, it is assessed using defined criteria so as to judge 
what constitutes an acceptable or tolerable level of risk. 

Methodology 

This section details the methodology of the risk assessments undertaken. At the time of writing 
Waka Kotahi had not yet released their updated NSW (New South Wales) / NZ version of the 
Slope Risk Analysis guide to be adopted in New Zealand, and training on this had not be rolled out. 

In the absence of the Waka Kotahi method, two complementary methods have been used to 
assess risks at the site: 

1. Australian Geomechanics Society (AGS) ‘The RTA Guide to Slope Risk Analysis’ version
3.1 Stewart et al. May 2012. and New South Wales (NSW) Guide to Slope Risk Analysis
Version 4. 2014.

2. NZTA (New Zealand Transport Agency) Rockfall Hazard Rating (RHS) system adapted by
Pierson et al (1990)

Both methods are semi quantitative systems that allocate risks to the sites depending on a set of 
site-specific characteristics such as: 

 Road conditions
 Site users
 Geological characteristics,
 Topography and hydrology
 Slip patterns and outcomes
 Site history

These are then assessed by likelihood, consequence, and risk estimation against a set of criteria 
and scored accordingly. Risk is then assessed against societal risk levels provided by others. 

Using the RHS system,  
Waka Kotahi experience sets out the following categories for rockfall hazards 

 <275 score– no action needed. Continue to check 6 monthly.
 >325 score – should be inspected in closer detail by an experienced geotechnical

engineer.
 >500 score– is likely to be a serious hazard and remedial work is almost certainly

required soon.

1 Australian Geomechanics Society AGS: 2007. ‘Practice Note Guidelines for Landslide Risk Management 
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The assumptions and data specific to this site is outlined in the following sections. The RHS sheet 
is appended to this report.  

The ‘RTA’ Guide provides a risk matrix and flow path is shown in Figure 1. 

Figure 1 Risk Analysis Procedure for a slope (Stewart et al 2012) 
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4 Site Description 
Site Location 

The section of Stafford Drive, RP3.06 to RP3.585 that is the subject of this report, sits between 
Aporo Road in the north and the junction with the road to McKee Camp Site,Figure 2. The road 
corridor is situated between recreation land to the east and rural residential section on the cliff top 
to the west off Aporo Road,Figure 3.  

Figure 2 Site Location 

No. 11 Aporo, Figure 2 (Lot 2 DP 39056) positioned above and to the west of Stafford Drive 
experienced loss of land following the recent rainfall event. The land was subdivided in 2003 and a 
house was built in 2018. 

Site 
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Figure 3 Land on Aporo Road 

Road Characteristics 

The road is 9.2 m wide at the site location a road barrier on the outside edge is present at the 
northern part of the road. The road is a local road with speed posted as 80 km/h. Road users are 
residents, tourists and 6 % heavy vehicles. Average daily traffic counts are listed as 1775 ADT. 
Currently there is rockfall warning signage. When slips occur, the road is closed until it is cleared. 
Line of sight breaking distance northbound is >300 m and 10 m south bound due to the bend, but 
thereafter 300 m. 

Geology 

Geology at the site comprises Moutere Gravel of the Tadmor Group, Figure 4. It is a poorly to 
moderately well sorted clay bound gravel containing up to boulder sized clasts of 
quartzofeldspathic sandstone. During weathering the clay material breaks down releasing the 
sands and gravel which are easily eroded by rain. The site is near to the Waimea-Flaxmore Fault 
System to the east in the Nelson area. 

No. 7 
& 11 
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Figure 4 Geology Map (GNS) 

The site is listed as a Slope Instability Risk Area by TDC. The Ruby Bay cliffs are known in the 
area to sit at a steep angle and are like the Kina Cliffs just north of the site. 

Topography 

The road sits at a level of approximately 42 m RL (Relative Level New Zealand Vertical Datum 
2016) at its northern extent and 5 m RL at the junction at the southern end, Figure 5. The steep 
cliffs to the west rise to 19m to 25m  above the road level at an angle of 60o to 70o degrees. Below 
the road to the east, the bush clad slope falls away to the camp site and beach at a slope angle of 
between 25o and 38o. 

The natural slope angles in the area outside the road cutting are approximately 34o to 38o at the 
Moutere Bluff end to the north and a steeper 43o in the area with the road junction to the campsite. 
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Figure 5 Topography (TDC Maps) New Zealand Vertical Datum 2016 

5 Weather Event 
A review of the rainfall data from the Mapua – Bowling Club weather station run by Tasman District 
Council, Table 1indicates that a total of 182 mm rainfall fell over 5 days. 

The slips occurred from Wednesday 17th August or early Thursday 18th August 2022 and the road 
was closed on Thursday the 18th. 

Table 1 August 2022 Rainfall Data 

Day Dates Total Rainfall mm 

Tuesday 16th August 6.5 

Wednesday 17th August 49.5 

Thursday 18th August 41 

Friday 19th August 48.8 

Saturday 20th August 36.2 
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Information indicates that annual rain volumes of <2 m per year are experienced Figure 6. 2022 
rainfall data is currently tracking as above average compared to historical data availableFigure 7. 

Figure 6 Annual Rainfall Data 

TDC site information, Figure 7, indicates the event size and return periods estimated from HIRDS 
analysis. This shows that a single daily rainfall of over 40 mm could be considered a 2-year period 
event. However, with heavy rain over 4 days consecutively this type of event is more likely to be a 
less frequent occurrence.  
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Figure 7 Mapua Weather Station Event Return Periods 

6 Site Visit 
Road 

A site visit was undertaken on 24th August 2022 and the road was observed from the top, bottom 
and from McKee Camp Site Road. Photographs were obtained at the site, which are included in 
Appendix A. Photo 1 to Photo 10 show the slip damage observed. A drone survey was undertaken 
on the 8th of September 2022.  

There are approximately six clusters of slips that have covered 2219 m2 of the 530 m length of 
affected road. Sketches 1 to 3, Appendix B shows the slips and features. Large areas of debris / 
tallis material are present at the base of the slips comprising vegetation and weathered Moutere 
Gravels. Finer sediments and water were observed along the road and two large runout areas 
were present under the main slip, below No 11 Aporo Road, and at the southern end of the road at 
the junction with McKee Camp Site Road, both of which run through the bush onto McKee Road 
below. The slip at the southern end was more of a debris flow than the ones further north with a 
thicker and more extensive deposits of clay. The slip scarps have revealed lenses of fine dense 
material and bands of the gravels can be seen in the exposures. A review of photos taken on 19th 
August 2022, Photo 11 to Photo 14 and a video posted on the History of McKee Memorial 
Reserve, Ruby Bay. Nelson Facebook (shared from the Tasman page) indicates 
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that much of the slip had occurred at the time of these photos. On the 19th August the property 
fence at the top of the slope is still intact although the boundary vegetation had already fallen 
away. This suggests that the entirety of the slip did not happen in one go but in  at least two debris 
slips. 

A visit was made to the section above the road at, 7 and 11 Aporo Road, on 24th August 2022. 
Part of the rear lawn and the boundary fence had slipped resulting in an unfenced steep drop off 
from the property, see Photo 15 to Photo 17. The distance from the cliff edge to the back of the 
house was estimated as 22 m. The neighbouring sites were observed and showed no loss of land. 
No water seepage from the land was observed in the upper deposits. No cracks were seen at the 
time in the lawn. A plastic pipe was seen exposed at either end of the slip head scarp, Photo 19 
and Photo 20. Some of this pipe had also been observed in the debris material and comprised a 
plastic irrigation pipe with sprinklers every 2 m, Photo 22.  

The location of the pipe indicates that the sprinkler system was present in the area at the end of 
the garden in line with where the boundary fence and bushes had once been.  

7 Historical Information 
Aerial Photos 

A review of historical aerial photography from 1940 to present, Appendix D, Photo 29 to Photo 32 
shows that the level of vegetation on the hill slopes has varied over time, being more heavily 
vegetated in the 1969 and 1940s images. On the current image, the property at No 7 Aporo Road 
can be seen and a historical gully can be seen running to the northwest. The images from 1980 to 
1940 show the historic use of the site as an orchard.  

Local History 

Information on the history of the site indicates that the road was likely cut between 1912 and  1921 
(https://www.mapua.gen.nz/history.html).  

‘A coastal road was vital to the industry and the Waimea County Council agreed to carve a road 
through Ruby Bay to Tasman, with access to the Mapua Wharf. By 1912, a rough dusty road led 
through the Mapua Flats to the waters of the swift channel. At Ruby Bay, a track wound up the hill 
and across the bluffs, joining Harley’s Road through to Harakeke in the Moutere.  The connection 
to the ‘outside world’ was fragile, but the scene was set for Mapua’s next growth spurt.’2 

An image of the road in 1973 shows the cut slopes and benching, it would appear that the road 
has been cut further back by this time to accommodate two lanes, Figure 8. 

2 October 2011 Ministry for the Environment. 2011. Cleaning up Mapua:  The story of the Fruit 
Growers’ Chemical Company site.  Wellington: Ministry for the Environment. 
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Figure 8 1973 Photograph, Stuff Ltd 

‘The coastal highway between Nelson and Motueka has become increasingly popular since the 
road was improved and a new bridge, shortening the route, was built. One of the most pleasant 
views of the Ruby Bay area is from an observation point at the Bluffs, about a mile from Ruby 
Bay.PRESS’, VOLUME CXIII, ISSUE 33285, 24 JULY 1973, PAGE 10. 

Photographs viewed on Argonaut provide older photos of the road, Photo 23 to Photo 28 
(Appendix C) these show relatively steep slopes with varying amounts of vegetation present. The 
southern slopes are more vegetated than the northern section.  

Residential Section Development 

This section provides comment on the development of land above the cliff that has experienced 
significant slips and dropout, in particular, 7 and 11 Aporo Road  

In January 2003 Cameron, Gibson & Wells Ltd (CGW) (Report dated 9th January 2003 and 
provided in Appendix F) acting for TSA Partnership determined that from previous investigations 
the site was suitable for subdivision. They noted: 
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A survey in 2003 by Nikkel Surveying Ltd, Figure 9, shows the location of the cliff top and the 
section boundary. 

Figure 9 2003 Survey Excerpt 

The land was granted resource consent (RM020724) for subdivision in March 2003, providing that 
the following conditions were met, Figure 10: 
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Figure 10 Subdivision Resource Consent Conditions 2003 Excerpt (RM020724) 

In 2007 a Resource Consent (RM070796) was granted for ‘Land disturbance for modification of 
building platforms’. This was for cut and fill earthworks. No information has been sighted on what 
earthworks were undertaken. 

A Land Information Management document dated 2009 indicates the land is within the TDC Slope 
Risk Instability Risk Area and provides the following comment on the cliff, Figure 11.  

Figure 11 2009 LIM Excerpt 

In 2017 CGW were again engaged to comment on the site, a report dated 15th May 2017 was 
provided and is provided in Appendix F. They state: 
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In June 2018 Building Consent (BC170284) was granted for building a 222 m2 property on the Lot 
2 DP390561 (11 Aporo Road) with a 25 m set back from the cliff edge. The site can be seen on 
the right-hand side of the image as Figure 12. It is unknown whether any slips occurred between 
2003 and 2017. 

Figure 12 Lot 2 DP 390561 No. 11 in background prior to purchase in 2018 

https://www.ratemyagent.co.nz/real-estate-agency/agency/property-listings/7-aporo-road-ruby-bay-aaipra 

The house plans, Figure 13, shows the land has a general height of 46 m RL with a rise to 47 m in 
an area near the cliff edge. The site slopes away gently from the cliff edge towards the west. The 
plans indicate the house was built 20.29 m from the legal boundary and in excess of 25 m from the 
cliff edge. All surface and stormwater drainage pipes are detailed falling away from the cliff edge 
on the drawings. The property has consent to discharge wastewater to the site outside of the 25 m 
set back zone and this was designed to be placed in the northern and western area of the site. 

N 
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Figure 13 Building Plan Excerpt (AMK Ltd -Site Plan Sheet A101 Job 16076) 

Previous Road Stability Assessment 

In 2020 Beca Limited (Beca) undertook a review and risk assessment of road subsidence (under 
slip) of a 135m length of Stafford Drive (below the Nos 7, 11 and 13 Aporo Road properties) for 
the Tasman Alliance. The report is provided in Appendix G.  

The subsidence was on the outside, southbound lane of the road with a length of 22 m affecting 
the centreline of the road Figure 14. Slumping of 0.1 to 0.2 m was observed. The site plan is 
presented as Figure 15 below. They summarise that ‘the slumping appears to be the result of 
ongoing settlement of road constructed on side-cast fill’ and ‘settlement will likely continue at a 
steady rate but may increase in the event of heavy rain or earthquakes’. They classified the risk as 
‘Very High Threat’ and recommended remedial works.  

Figure 14 Photograph of slumped carriageway (Beca 2020) 

N 
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Figure 15 Slumping Site Plan (Beca 2020) 
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Road Maintenance Data 

Historical maintenance data for the road was reviewed; this included dispatch data and 
maintenance cost transactions from between 1998 and 2022. A summary of dispatch emergency 
works data is presented in Appendix E. Notable comments are as follows: 

Sept 2012 ‘three slips blocking ¾ of road’ 

June 2021 ‘slips blocking both lanes’ 

July 2021 ‘slips covering full lane northbound’ 

Cost transaction records, summarised in Table 2 suggests slip debris is cleared between 1 to 10 
times a year and most commonly in the months of May, July, August and NovemberTable 2. 

Table 2 Road Maintenance Data 

Year No of 
Events 

Months 

1998 1 April 

1999 1 May 

2000 2 Sept, Oct 

2001 1 July 

2002 0 

2003 0 

2004 1 Nov 

2005 4 Feb, July, Dec 

2006 6 April, May, June August, Nov 

2007 2 Aug, Oct 

2008 5 July, Aug, Sept. Nov 

2009 5 Feb, April, July, Sept, Nov 

2010 4 Jan, May, July, Dec 

2011 3 May, June, Aug 

2012 4 March, Aug, Sept 

2013 1 June 

2014 0 

2015 0 

2016 2 Nov 

2017 2 May, June 

2018 1 Nov 

2019 1 April 

2020 2 July, Nov 

2021 10 April, May, June, July, Aug, Sept 

2022 6 Jan, May, June, July, Aug 
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8 Interpretation 
This section provides comments and interpretation of the information reviewed 

Drone Survey 

A drone survey of the cliff face was undertaken to benchmark the data in order to be able to 
assess the site and track any changes in the future. The drone survey has been reviewed against 
the 2015 LiDAR elevations. This is presented in Appendix H. The current drone elevation data has 
not been corrected for the presence of vegetation. This shows the retreat of the slope by some 
3.6m horizontally at the location of No.11 Aporo Road and significant volume of material that has 
encroached the road carriageway. 

A cross section of the southern end of Stafford Drive (RP3.080),Figure 16, shows the 2015 
elevation (black) and post slip elevation (red) showing the material that encroached the road 
corridor. 

Figure 16 Cross section at Southern end of Stafford Drive 

A cross section of the area below No 11 Aporo Road, shows the 2015 elevation (black) and post 
slip elevation (red) showing the amount of land lost to the road corridor. 
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Figure 17 Cross Section at 11 Aporo road 

The total volume of material present on the road has been estimated from the drone and lidar 
comparison to be a total of 5270 m3 of which is made up of the following volumes: 

Slip 1  100 m3 

Slip 2  2,800 m3 

Slip 3  180 m3 

Slip 4  260 m3 

Slip 5  490 m3 

Slip 6  1,440 m3 

A comparison of the site boundary and cliff edge prior to and after the slip event has been made by 
using the drone imagery captured, google earth imagery and the survey lines on the building plans. 
No formal land survey has been undertaken to define the exact dimensions. The slip extent, Figure 
18, shows the property section boundary line and the cliff edge as it was on Google Earth Imagery 
in January 2022. The house is now between 20 and 23 m from the edge of the cliff and a portion of 
land along the section boundary has slipped. In the southern half of the section the area that has 
slipped was the highest point, 47 m RL of the site. The scarp line of the slip area is consistent in 
appearance at this section whereas other areas along the road the cliff face the scarps are rougher 
looking and smaller in length. 

It is estimated that in plan view, 143 m2 of land has slipped from the top of the cliff, with 
approximately 43 m2 of that area  being part of the section of the landowner by 11 Aporo Road. 

On the drone images, the grass of the property at 11 Aporo is noticeably darker toward the cliff 
edge indicating a higher soil moisture content. The slip face below the property is completely 
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devoid of any vegetation as all the vegetated areas have slipped. This provides an obvious 
difference with the surrounding cliffs which have experience some loss of material, but the 
vegetation is remaining to some degree. The remnant soils are also slightly darker yellow / orange 
than those on other slip areas, again suggesting a higher soil moisture content. 

Figure 18 Drone Image of Slip Extent* 

* Measurements are only approximate.

Boundary Line 

Approx. 
20.3m to 
23.2m 

Cliff edge 
Jan 2022 
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Slip and Instability Triggers 

The slopes were cut ~100 years ago for the construction of Stafford Drive, this artificially changed 
the slope angle of the central and northern area of the hill. The slopes have remained steep over 
the years and the rate of land slips from the top of the cliff is difficult to assess from the information 
reviewed. There are likely several active causes of slips and instability which are discussed in the 
following sections. 

8.2.1 Weathering 

Material from the slopes does naturally erode over time. The clay and sand matrix can weather and 
this results in material comprising sand, gravel, cobbles and boulders slipping, which then needs to 
be removed frequently during the year. Weathering of the slopes will continue, and the slopes are 
at risk from further collapse and retreat due to long and heavy rain events, vegetation overgrowth 
or seismic events. Risk to road users and the above landowners is discussed in the following 
sections. 

8.2.2 Vegetation 

The presence of slope vegetation varies along this section of road; the steeper slopes tend to have 
less vegetation than the shallower slopes. Vegetation like gorse bushes and trees can grow and 
then contribute too much weight to the slope and can topple bringing additional root ball material 
and deposits with it. A large amount of vegetation was observed to have slipped in the southern 
area of the road. At the northern end, the smaller bushes and trees planted at the boundary of the 
section were observed in the slipped debris below. 

8.2.3 Rain 

Heavy rainfall events have a strong correlation to when debris slips occur and the road either 
becomes blocked or needs debris clearance undertaken. This can happen multiple times a year. 
Rain events that come from the east and northeast will affect the slopes more than other 
directions. 

8.2.4 Coastal Erosion 

Coastal erosion has played a part in land erosion along the Ruby Bay coastline. However, the 
location of this section of road is at present protected from the sea by the McKee Camp Site. This 
section of road is currently not affected by coastal erosion. 

8.2.5 Drainage 

Irrigation pipe with sprinklers every 2 m. was found broken at the site and indicated that prior to the 
slip a length of pipe was present across the top of the slip area   It is unknown whether the property 
owner had been actively using the sprinklers and for what period of time or volume of water. The 
resource consents for the property dictated that any stormwater or surface water should be 
directed to the west of the site away from the cliff top. It is uncertain whether irrigation of the plants 
at the end of the garden has contributed to the slips. It can be stated that the slips experienced at 
the section edge are more severe with more land lost than  other areas of the cliff. Some slippage 
of material on the slope could likely have occurred even without irrigation use as observed in other 
areas.  
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9 Risk Assessment 
This section details the inputs into both assessment methods and the outcomes. 

Impacts of Slips 

The slips block the road completely closing the road often for days at a time. There is an 
alternative route. The hazard is the slips hitting cars and subsequent debris blocking the road. This 
is not only triggered by heavy rainfall events, but also by weathering processes or could be trigger 
by seismic events. The slips are frequently reactivated. With relation to property, slips and 
instability can damage sections and useable land is lost which reduces the distance structures are 
from the edge of the slope. 

Inputs 

Road Users 

Road users range from one car occupiers, cyclist, pedestrians, and trucks. Vehicle counts are 
moderate with 1775 vehicles per day with 6 % heavy vehicles. 

Likelihood / Probability 

The likelihood of rockfall / debris crossing the road is considered equivalent to L1; where L1 is 
defined as; 

 The event may or is expected to occur within a short period under average circumstances
or the mechanisms are active at present. Within days to <2 years. Indicative annual
probability around 0.9.

L1 is appropriate as there have been several incidences a year recorded in the maintenance data 
of material entering the road corridor. In addition the rain event was equivalent to a 2-year return 
period, as referred to in Section 5 based on the site location. 

Vulnerability 

The speed of a road is defined by the following descriptors: 

 Highway (100 to 110 km/hr),

 Urban 60 to 80 km /hr or

 Low 20 / 30 km /hr.

Stafford Drive is considered an urban speed road due to its width, terrain and posted speed of 
80km/hr.  

The vulnerability is assessed as V2, where V2 is defined as; 

 Vehicle impacting a block >1 m high at urban speeds (p0.1 to 0.5).

Consequence 

The consequence of a rock or debris hitting a vehicle or a vehicle hitting debris on the road could 
be injury or loss of life. 
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The consequence would be C2 for risk to life as explained below and consequence to property or 
infrastructure as C3 where: 

 Partial or total closure of a road for a short period. Longer period if reasonable alternatives
are available. Moderate infrastructure or property damage

 Moderate disruption costs, moderate repair costs (Total direct and indirect costs >$0.5 M -
< $2M)

Loss of Life - Temporal Probability 

Temporal probability is the assessment of the conditional probability that if an event occurs, a 
person will interact with it. The temporal probability for the road has been determined as T3 defined 
as; 

 Person may sometimes be present as part of the normal pattern of usage. Road users on
urban arterial roads and most major rural arterial roads. (Probability p 0.01 – 0.1).

T3 is appropriate based on the vehicle volume data. 

Combining the vulnerability (V2) and the temporal probability gives a consequence of C2 with 
respect to risk to life from Stewart et al (2012). 

Event Magnitude Classification 

The scale of failure is S2 which is >2000m3, taken from the volume observed in this event and 
historical events. 

Block size is estimated as S3 which is defined as single blocks not exceeding 1 m, this is due to 
the observation of material comprising some boulder size material up to 0.1 m. 

Since no one was present to observe the initial slip, the velocity of failure has had to be estimated 
as very rapid, R1 between 5 m / sec to 3 m / min.  There was evidence that after the initial slip 
material velocity of failure reduced to R2 1.8 m /hr. 

Taking the velocity of failure and scale of failure in conjunction with the event likelihood (L1) the 
event magnitude is estimated as M1 to M2. 

The risk assessment flow path is presented in Figure 19. 
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Figure 19 Risk Assessment Flow Chart – Stafford Drive (Risk Analysis 
Procedure for a slope (Stewart et al 2012)) 
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Risk Estimation and Discussion 

Road 

Stafford Drive serves as a link road between Mapua, the coast and inland Motueka, there is an 
alternative route.  

The geology of the area combined with the topography and vegetation means that slips can occur 
as the slope weathers and if the slope becomes saturated. This will continue over a considerable 
period until all loose material has dislodged and the natural slope angle remains. The rainfall 
experienced in the area has been unusually high in relation to rainfall in previous years. The rainfall 
has more likely than not saturated the soils and caused an increase in surface water flow, which 
has contributed to slips occurring. In addition, vegetation can play a part in slope instability. Trees 
and bushes can become large and root balls become large and can then cause a toppling of the 
plants pulling away slope material. Now that vegetation has been stripped from these areas it will 
take some time for this to re-establish. Therefore, slips will continue until a slope angle equilibrium 
is reached and/or vegetation has grown back and provided some stability to the slopes. 

It also must be noted that the presence of nearby faults and the likelihood of earthquakes, which 
are predicted to be of a high magnitude with short return periods, could be a cause of slips in the 
future. The risk of seismic triggers has however not been assessed. 

Assessed Risk Level 

The Assessed Risk Level (ARL) matrix combines the Likelihood L1 and Consequence C2 for life to 
road users. This road is assessed as having Assessed Risk Level (ARL) ARL1, which is defined as 
“a very high risk to life” and corresponds to an indicative annual probability of loss of life (individual 
most at risk) of > 1×10 -3 / annum. To assess whether the risk posed by the slips is reasonable, an 
acceptable level of risk should be established. The risks in relation to individual risk and societal 
risk per annum have been compared to the following: 

 Bunce et al (1997) stated that daily commuters have a risk of 3 x 10-5 per year, which is the
same as risk of death from fire or drowning.

 Morgan et al (1992) suggest an annual probability of death of an individual (PDI), accepted
by society is <1 x 10-4.

 Fell (1994) considered an annual PDI of not greater than 10 x 10-5 

The site was also found to have a high event magnitude of M1 /M2. This means that the risk to life 
at Stafford Drive for road users is not tolerable as a societal risk to life, even in the short term, and 
must be subject to the implementation of an appropriate Slope Risk Management Plan 

The Waka Kotahi Rockfall Hazard Rating score (Risk sheet Appendix I) has been reviewed to 
account for rockfall only being a few times a year or less and the slip features take years to 
develop. A risk rating of 513 indicates that the site is likely to be a serious hazard and remedial 
work is certainly required. 

Both risk assessment methods are providing equivalent risk categorisation. 

Property 

With respect to the risk to the properties above the road. As stated by CGW in 2003 and 2017, 
weathering of the slopes will continue. In 2017 it was considered that a 25 m set back would 
provide sufficient protection to buildings in their ‘useful life’. The Building Code specifies ‘The life of 
the building, being not less than 50 years, for building elements. The property at 11 Aporo Road 
is now 20 to 23 m from the cliff face.  It is hard to predict if or how long it will be before any of the 
properties on Aporo Road are at risk from slope instability. Additionally, as per the Resource 
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Consent stormwater and surface water shall be directed to the west, i.e., away from the cliff top, 
therefore no irrigation of garden areas in the vicinity of the cliff top should be occurring. 

Summary of Risk Assessment 

Stafford Drive slips typically propagate through the natural process of weathering of the Moutere 
Gravels and fail as a soil mass generating debris fans. Saturation of these soils through weather 
events, artificially through irrigation or by vegetation growth and failure by weight accelerates this 
process. This means: 

• Slips and weathering of the cliffs will continue.

• Stable slope angles of weathered material are estimated to be between 34o to 50o.

• The land above the cliffs will experience slips over time due to weather, vegetation, human
intervention and seismic risk.

• The road bench and slopes between the road and McKee Camp Site Road could
experience debris run out and slope instability.

• The road formation comprises side-cast fill which contribute to carriageway settlement
regularly, however, this risk and the slips from the upper slopes are unrelated.

• Historically, the volume of slip debris material can be considerable and can block one or
two lanes of the road.

• Recent falls have completely blocked the road.

• Remedial work and clearance would take several days or weeks.

• Slips and debris flows are triggered by high rainfall events numerous times a year.

• No debris avoidance zone is available.

• The site is limited in terms of options to avoid the risk without significant engineering
solutions.

• The site is assessed as ARL1 and M1/M2  and is high risk to road users.

10 Remedial Options 
Options to reduce the risk posed by the slips are detailed in Table 3, below. 

For the case of rockfall / slip / debris flow AGS 2007 provide the following hierarchy of mitigation 
options:  

• Avoid the risk: move the people/infrastructure away from the hazard.

• Reduce the frequency of an event: undertake stabilisation or removal works at the source

• Reduce the consequences of an event: install defensive measures downward of the source
material to protect people and/or infrastructure.

• Manage the risk: install monitoring, warning systems, signage.

• Accept the risk: take no action.
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• Postpone the decision: where there are significant uncertainties, undertake additional
studies to reduce the uncertainties. It may be the case that more than one mitigation option
is used, such as removing a portion of the source, constructing a barrier and installing
warning signs.

Of these, two options are discussed further below. 

Decommission the road 

To avoid the risk to road users, if the slipped material is left in place and the road is closed, slips 
from the cliffs above will still occur over time plus erosion of the debris fan. It is likely the properties 
above will gradually lose land, how much is hard to predict. The Moutere Gravel can stand at steep 
slope angles but as material weathers the slope angles reduce if they are left to weather naturally. 
The slopes below that have naturalised sit at 38o to 25o.and the Moutere Bluff area sits at 34o. This 
demonstrates the likely slope angles that weathering could cause over time and potential further 
loss of land. The timeframe of the slip process is an unknown due to nature and frequency of rain 
events being hard to predict. 

This eliminates the risk to road users. 

Reclaim the Road 

If the slip material is removed material will continue to slip onto the road and road users will remain 
at risk. . If the material is removed, mitigation of  future slips and debris falling onto the road needs 
to be managed through operational management, such as closing the road when it rains or 
trimming vegetation that is getting too big. 

Any engineered structural solution to retain the material would be extremely uneconomic 
considering the use of the road. 

Methodology  

To reclaim the road and open it for use the slipped material will need to be removed. 

 Areas of vegetation causing a risk of falling onto the road or increase slope instability needs
to be removed.

 Remove material and keep slope at base of cliff with a batter of 45o and benching if road
width allows

 Check and clear all drains and culvert

If the road is opened, to keep the risk to a tolerable level, operational management  will need to be 
implemented to reduce risks to road users as follows: 

 Maintain slip / debris warning signage.

 Reduce speed to 30 km an hour.

 Close ahead of rain events larger than a predicted 30 mm a day or in prolonged events.

 Keep road closed until all debris movement has stopped and the weather has settled.

Consideration could be given to an active monitoring system such as an alarmed debris barrier to 
alert if material enters the road, triggered road signage to stop traffic if material enters the road 
corridor. A webcam to monitor remotely or only using one lane on the outside edge and install 
priority traffic lights, this provides a ‘buffer’ zone for debris if it falls on the road. 



Table 3 Remedial Options 

No. Item Mitigation 
Measure 

Details Pros Cons Residual 
Risk 

1 Retreat Avoidance Close the road Eliminates risk Upgrades required to alternative route could be 
uneconomic or not physically possible. 

Does not address land loss at top of slope 

Low 

2 Engineered 
Retaining 
Structure at 
bottom of cliff 

Retention  Retaining structure Would mitigate slip 
risk to site users and 
loss of land to section 
owners. 

Business case cost benefit would be 
unfavourable Would be highly uneconomical for 
current road vehicle numbers. 

Low 

3 Retreat Avoidance Cut slope back to create a safe slope 
angle. 

Reduces the risk of 
material entering 
carriageway. 

Would require acquisition of land from the above 
sections – cost benefit is likely to be 
unfavourable. 

Medium 

4 Management Operational Remove material and open road to one 
lane on east side one-way or on priority 
lights at 30 km/hr. 

Keeps the road open 
and provides some 
slope support. 

Could have material enter the active lane and will 
require maintenance to remove fallen debris This 
would still require closing the road during rain 
and clearance after each event. 

Medium 

5 Management Operational Clear debris. Create and use a TARP 
(Trigger Action Response Plan) Monitor 
rain events and understand triggers and 
close the road before rain. 

Addition of active monitoring equipment. 

Opens the road. Trigger rainfall values may mean frequent 
closures. Would not mitigate against other failure 
times or loss of section land above. Would still 
require time and cost to clear road. 

High 



11 SUMMARY and 
RECOMMENDATIONS 

The Ruby Bay cliffs above Strafford Road experienced slips and debris flows following a 
large rain event in August 2022. Numerous slips completely blocked the road. The cliffs are 
Moutere Gravel and subdivision of land on top of the cliffs occurred in 2003 and in 2018. 
Consent was obtained to build dwellings with a condition of a 25 m set back from the top of 
the cliff. Geotechnical reports at the time did state that loss of material would occur in the 
future from weathering or seismic events. The property at 7 and 11 Aporo Road lost a portion 
of lawn area and its boundary fence; the back boundary of the property had an irrigation pipe 
running north to south. Irrigation of the soils in the immediate vicinity of the cliff edge more 
than likely contributed to land being lost in this location. The dwelling has now got less than 
25 m setback. 

Weathering and rain induced slips onto the road are very common and will continue in 
geological time until the cliffs reach a stable angle. The road is at a high risk of being 
inundated by slip debris in the future. There are options to be considered for the future of the 
road, to close it or reclaim it, both of which have economic and societal impacts.  

In consideration of the site conditions and current potential risk to road users it is 
recommended that the road remains closed to all traffic and pedestrians until a decision on 
the long-term plan for the road has been considered.  

If it is decided to reopen the road then ongoing Slope Risk Management needs to be 
undertaken and measures put in place to reduce risk to road users. 

Section owners that back onto the cliff need to comply with the Resource Consent Conditions 
in relation to discharge of surface or stormwater.  

12 Limitations 
The advice provided in this memo is based on available geotechnical data and publications 
referenced at the time of writing and site visit on 24th August 2022. It is emphasised that 
geotechnical conditions may vary across the site, after changes in weather and storm events. 
There has been no intrusive site investigation. The RHRS assessment tool and its method 
are limited and define risk in a simplistic manner. This report has been prepared by Downer 
NZ Ltd for Tasman District Council and may only be used and relied on by the Tasman 
District Council for the purpose agreed between Downer NZ Ltd and Tasman District Council 
as set out in Section 2 of this report. Downer NZ Ltd otherwise disclaims responsibility to any 
person other than Tasman District Council arising in connection with this report. The 
opinions, conclusions and any recommendations in this report are based on conditions 
encountered, assumptions and information reviewed at the date of preparation of the report. 
Downer NZ Ltd has no responsibility or obligation to update this report to account for events 
or changes occurring after the date that the report was prepared. Downer NZ Ltd disclaims 
liability arising from any of the assumptions being incorrect.  
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