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1. INTRODUCTION

1.1 My full name is Mark David Yetton.  My experience and qualifications are 

set out in my Evidence in Chief dated 13 February 2015.  This evidence is 

also prepared in accordance with the Environment Court Practice Note 

2014.

2. SCOPE

2.1 My supplementary evidence is provided in response to a request from the 

Hearings Panel (Panel) during my appearance at the hearing on 3 March 

2015. The Panel requested I provide brief supplementary evidence on the 

possibility of rock source removal as a means to entirely remove rockfall 

(boulder roll) hazard, and ultimately remove or modify rockfall hazard 

management areas 1 and 2 in the Replacement District Plan.  My 

understanding is that the Panel wishes to understand the criteria that I 

would recommend need to be applied in those circumstances.

2.2 The Panel also requested I provide brief supplementary evidence on a 

protocol which might be appropriately applied for site specific ground 

truthing work that might lead to some future modification of the two rockfall 

hazard management areas.

2.3 In providing this supplementary evidence, I record that I do not intend to 

address the merits of mechanisms of how my recommendations might be 

applied for the purposes of plan drafting or consenting/compliance 

processes, as these issues are outside my area of expertise.  I do however 

consider it useful to clearly express any reservations that I have about the 

use of my recommendations.

3. ROCK SOURCE REMOVAL – SUGGESTED PROTOCOL

3.1 I am referring here to the complete removal of a potential future source of 

boulders, as opposed to rock scaling work frequently carried out as part of 

a mitigation programme, where current and obviously loose rock is 

removed from the rock outcrop as a short to medium term measure to 

reduce future damage and maintenance to other mitigation works such as 
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mesh, bolts, or protection structures (such as bunds and catch fences).  

The purpose of the protocol or approach that I recommend in this regard is 

for the permanent removal of the source of a rockfall hazard risk, rather 

than other lesser measures which I regard as mitigation.

3.2 In general, it is my opinion that relatively few sites are amenable to rock 

source removal as an option to permanently remove or reduce hazard1. 

This is because over time periods of years, to tens of years, rock weathers 

and moves incrementally progressively opening joints and creating more 

loose rock at the outcrop or bluff face. In addition, rock that has persistent, 

closely spaced and unfavourably oriented natural joints can still fail under 

extreme earthquake shaking despite an absence of obviously loose rock at 

the current exposure face (this is known as kinematic instability).

3.3 There are two situations where rock removal may be sufficient to entirely 

remove hazard. The first is where the rock source has a relatively small 

surface area, low slope angle, and is free of closely spaced joints2. In such 

situations it may be possible to remove all currently loose rock, and bury 

the rock surface under topsoil that will re-vegetate, thereby reducing the 

extent and speed of future rock weathering. It is important that the addition 

of soil on the cleaned off rock surface does not create a new soil slope 

stability hazard, and that is why the low slope angle is necessary for this 

approach to be successful.  The maximum slope angle that I consider to be 

acceptable is twenty five degrees.  The maximum surface area that I 

consider this protocol should apply to is site (rock type) specific, but 

generally less than 500 square metres.  The minimum depth of soil 

coverage that would be required is 200mm.

3.4 The second situation is where a steep or overhanging rock face has been 

entirely removed by milling, rock breaker excavation, or carefully designed 

and supervised blasting. The resulting face needs to have had sufficient 

rock removed to be entirely cut back into undisturbed, fresh and undilated 

bedrock and not be left so steep as to have rock under significant tensional 

loading. Benching to create flat intermediate surfaces where small rock 

can fall and come to rest is often an important component in this approach. 
                                                  
1 An example of a suitable site/circumstance is set out in my rebuttal evidence at paragraphs 5.1 -5.3
2 Joints are natural breaks in rock as a result of primary processes such as cooling of lava, deposition of sediment etc but can 
also develop from tectonic stresses and weathering and/or stress relief at the ground surface.
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Clearly these tend to be large scale works, relatively expensive, and can  

potentially be very disruptive to existing vegetation, soil stability and 

surface water runoff. Works of this type require careful evaluation, design 

and supervision.

3.5 In both cases the work should be evaluated, designed, supervised and 

signed off by an appropriately qualified and experienced engineering 

geologist or a chartered geotechnical engineer. The works once complete 

should be independently peer reviewed by similarly qualified practitioners.  

Both groups (designers and peer reviewers) should clearly state that in 

their professional opinion the hazard has been permanently removed 

before any consideration can be given to ultimately changing the status of 

any rockfall hazard management area overlays.  

4. GROUND TRUTHING THAT COULD LEAD TO FUTURE CHANGES IN THE 

BOUNDARIES OF THE ROCKFALL MANAGEMENT AREAS

4.1 The Panel asked me questions about the ground-truthing protocol that was 

adopted for site-specific investigation of affected properties as part of the 

GNS Science life safety risk study.  The procedure for field verification 

(ground truthing) of the suburb scale GNS life safety risk study for rockfalls 

(boulder rolls)3 is well described in Appendices F and G of that report. In 

general the field work was focussed most directly at dwellings existing in 

2012. 

4.2 The proposed rockfall hazard management areas 1 & 2 in the 

Replacement District Plan are based on the GNS risk model and the 

current boundaries are controlled by similar assumptions and observations 

with respect to potential rock sources, general topography and the hazard 

limits. The hazard limits were back checked with 2D rockfall modelling 

adopting procedures and assumptions detailed in Appendix G of the GNS 

report.4  In my opinion, the general approach adopted in that ground 

truthing exercise could be appropriately applied as a means of basing 

decisions on possible changes to the boundaries of rockfall hazard 

                                                  
3 Canterbury Earthquakes 2010/11 Port Hills Slope Stability: Pilot Study for assessing life-safety risk from rockfalls [boulder 
rolls]; C.I. Massey, M.J. McSaveny, D.Heron, B.Lukovic. GNS Science Consultancy Report 2011/311. March 2012.
4 Canterbury Earthquakes 2010/11 Port Hills Slope Stability: Pilot Study for assessing life-safety risk from rockfalls [boulder 
rolls]; C.I. Massey, M.J. McSaveny, D.Heron, B.Lukovic. GNS Science Consultancy Report 2011/311. March 2012.
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management areas with the addition of appropriate and independent peer 

review.  I do not consider that the pro-forma approach discussed in 

evidence before the Panel to be suitable in this instance because it was 

intended for a suburb-scale model and dwellings, whereas the approach in 

this instance needs to be site-specific.

4.3 In summary, I consider that the ground truthing approach would require:

(a) assessment of potential rock sources;

(b) assessment of topographic features;

(c) assessment of rockfall runout limits; and

(d) assessment of geomorphology.

I discuss each of these factors in further detail in paragraphs 4.4 to 4.7 

below:

Assessment of potential rock sources

4.4 On a site specific scale, particularly away from existing dwellings, the 

future evaluation and detailed delineation of potential rock sources can 

lead to potential refinements in the hazard management zone boundaries. 

However, it is important to note that on a detailed scale where rock outcrop 

is present, the exact sources and numbers of potential boulders that can 

be generated in extreme local earthquake shaking frequently defy 

prediction. For individual outcrops in excess of 10m height and steeper 

than 45 degrees I recommend a numerical site response assessment be 

carried out in order to assess the likely volume of rock that it could yield 

under extreme local earthquake shaking.  The power of the GNS risk 

model is the averaging across a wide sample of the potential sources 

which underwent very strong earthquake shaking.  I would have 

reservations about this ground truthing process if site-specific ground 

truthing resulted in a trend of outcomes which were consistently below the 

GNS risk averages, as this would suggest the possibility of unrealistic or 

subjective views being expressed by suitably qualified professionals. 
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Assessment of topographic features

4.5 The second area of potential site specific variation with the suburb scale 

model is the potential local influence of significant topographic features that 

are sometimes present at individual sites. These include pronounced ridge 

and spur features, significant gullies, benches and slope excavations or 

modifications as a result of erosion, or more rarely major excavations.

Such factors can result in either the dispersion or concentration of rolling 

boulders, particularly when oblique to the general boulder fall lines.

Assessment of rockfall runout limits

4.6 For most (but not all) sites it is appropriate to carry out two dimensional 

rockfall modelling to check the influence of local topographic features, and 

the absolute limits of rockfall runout adopting a range of appropriate input 

parameters5. The Geovert 3D modelling, used by CERA in conjunction 

with the GNS risk models, can provide additional information, however 

predicted runout distances and bounce heights do not always match what 

was observed in the earthquake sequence. There are currently other 3D 

modelling methods under development (for example RAMMS) to my

knowledge RAMMS has not been field verified in relation to the boulder 

distributions collected from the earthquake sequence.

Assessment of geomorphology

4.7 Geomorphology, in particular old or ancient (paleo) boulders, in 

conjunction with the earthquake generated boulder database, can reflect 

the past history of similar processes. This is an extremely valuable tool 

however it is important to be sure that the site being evaluated remains 

largely in its natural form and no boulders have been moved or removed.

It is also important to remember that the ancient boulders frequently fell 

into heavy native forest and vegetation and so stopped short of their 

potential runout in the more sparsely vegetated modern setting.

Consideration of this factor inherently involves the exercise of professional 

judgment.

                                                  
5 Appendix G, Canterbury Earthquakes 2010/11 Port Hills Slope Stability: Pilot Study for assessing life-safety risk from rockfalls 
[boulder rolls]; C.I. Massey, M.J. McSaveny, D.Heron, B.Lukovic. GNS Science Consultancy Report 2011/311. March 2012.
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Additional important considerations

4.8 For those sites where an AIFR6 is being recalculated the 2016 seismicity 

model, which is the time window selected for the initial delineation of the 

rockfall hazard areas in the proposed Replacement District Plan, is the 

appropriate basis for comparisons.

4.9 Site specific field verification work should be undertaken, supervised and 

signed off by an appropriately qualified and experienced engineering 

geologist, potentially in conjunction with a chartered geotechnical engineer. 

For the reasons I have outlined earlier, the work should be independently 

peer reviewed by an appropriately qualified and experienced engineering 

geologist  and all parties should clearly state that in their professional 

opinion it is appropriate at some future time to make the relevant local 

changes to the boundaries of the current rockfall hazard management area 

overlay based on their assessment of AIFR risk.

5. EXISTING COUNCIL PROCESSES

5.1 It is important to note that the Council already has a quality control process 

for the design of rock protection structures, which may be of assistance to 

the Panel when considering the issues of protocols and ground truthing.  

This includes a process of vetting and registering engineers and geologists 

to include them on a list of pre-approved geo-professionals for the design 

of Rock Protection Structures.  

5.2 The Council specification for this application can be found at: 

http://resources.ccc.govt.nz/files/Business/constructiondevelopment/A

pplicationToTheApprovedGeoprofessionalsListForRPSSpecification.p

df

5.3 Through this process Council provides a list of approved geo-professionals 

that are qualified to sign off both the design and review of such works:

                                                  
6 Annual Individual Fatality Risk

http://resources.ccc.govt.nz/files/Business/constructiondevelopment/A
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http://resources.ccc.govt.nz/files/Business/constructiondevelopment/A

pprovedgeoprofessionalsforRPS.pdf

5.4 The purpose of identifying this is to provide additional information to the 

Panel about an existing Council approach in a different but related context, 

which might be useful as a basis for a protocol for the purposes of the 

proposed Replacement District Plan.  I acknowledge that these matters 

relate to the design of dynamic rockfall protection structures (RPS) like 

fences and bunds.  The list of Approved Geo-professionals is required by 

Part 4 of Council's Infrastructure Design Standard (IDS).

5.5 The relevant part of the IDS states that it relates to the design of RPS' to 

mitigate geotechnical risks and includes a Technical Guideline (Guideline) 

for the construction of RPS. The purpose of Part 4 of the IDS and the 

Guideline is to provide a set of design and construction standards that 

must be adhered to.  These are found at:

http://resources.ccc.govt.nz/files/business/constructiondevelopment/ID

S04_GeotechnicalRequirements_May2013.pdf

Mark David Yetton

6 March 2015

http://resources.ccc.govt.nz/files/Business/constructiondevelopment/A
http://resources.ccc.govt.nz/files/business/constructiondevelopment/ID

