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STATEMENT OF EVIDENCE OF DAVID HILLIARD BELL 

 

Introduction 

1 My full name is DAVID HILLIARD BELL.  I am a senior lecturer in 

engineering and mining geology at the University of Canterbury, 

where I have taught since 1973. I am Principal and Director of Bell 

Geoconsulting Limited, a small company undertaking engineering 

geology and geotechnical investigations in the South Island. 

2 I hold a BSc Honours from the University of New South Wales, am a 

member of the Australasian Institute of Mining and Metallurgy, and a 

member of IPENZ as a Professional Engineering Geologist. I have 

been an engineering geologist for more than 40 years.  The fields of 

research I specialise in are engineering geology, particularly slope 

stability problems and urban planning. I am familiar with the Port 

Hills. I have reviewed the Natural Hazards Chapter and the City 

Plan zoning maps, zoned areas and ancillary documentation. 

3 I am presenting evidence on behalf of Roland Logan and Sharon Ng 

in respect of their property at 5 Hammerton Lane, Richard and Sally 

Trip in respect of their property at 42 Zephyr Terrace, Governors 

Bay, Simon Gurnsey and Sara Crane in respect of their property at 

58 Zephyr Terrace, Governors Bay, David Mason at 18 Hays Rise, 

Governors Bay, Richard and Heather Larson of 6 Avoca Valley 

Road, Christchurch in relation to rock fall, mass land movement and 

liquefaction. 

4 I will also be presenting evidence on behalf of Ian Connor and Ruth 

Woodley in respect of their property at 8 Balmoral Lane, 

Christchurch in relation to issues of cliff collapse and zoning. 

5 I have previous given evidence in relation to my speciality field of 

research before Council hearings, the Environment Court, and the 

High Court. I have previously given advice in respect to slope 

stability and landslide hazard mitigation, including rock fall studies, 
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together with advice re land planning with emphasis on site 

investigation and geological hazard evaluation. 

6 I attended the caucusing on technical aspects of the proposed 

Revised District Plan (pRDP) held on 13 January 2015 under the 

guidance of Dr A J Sutherland as facilitator.  

7 In my evidence I also address general matters of a contextual 

nature, including management criteria for rock fall, cliff collapse and 

mass movement hazards. I record that I dissented on one aspect of 

the Mass Movement Hazard Management Area proposal, and 

discuss reasons in my evidence. 

8 I confirm that I have read the Code of Conduct for Expert Witnesses 

contained in the Environment Court Practice Note 2014, and that I 

agree to comply with it in respect of my evidence.  

 

Geological Context 

9 The City of Christchurch developed on the active floodplain of the 

Waimakariri River around the margins of Banks Peninsula, a 

volcanic edifice capped in part by windblown loess silt which formed 

during the last two million years (2Ma). Global sea level was ~10m 

below present some 10,000 years (10ka) ago, rising to its present 

elevation by about 6.0ka. The geological evolution of Christchurch 

urban area is described in Brown and Weeber (1992). 

10 Canterbury is a seismically active region, and the boundary between 

the Australian-Indian and Pacific tectonic plates is located on the 

western side of the Southern Alps. The 4 September 2010 Darfield 

Earthquake took place on a concealed structure that had not 

ruptured in probably 15ka, and the faulting propagated onto the Port 

Hills structure beneath the City. This was an unknown but pre-

existing fault at the time of the 22 February 2011 earthquake. 
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11 The sediments under the eastern part of the Christchurch City were 

known to be liquefiable, but the high vertical and horizontal ground 

accelerations (in many places ≥1.0g, where “g” is the acceleration 

due to gravity) in the February 2011 event resulted in extreme land 

damage on the Port Hills also. Widespread cliff collapse took place, 

fissuring and instability of loess slopes occurred, and more than 

5,000 rock falls were recorded on the Port Hills with some loss of 

life. 

12 It is important to acknowledge that the Port Hills slope issues had 

not been anticipated, and that there was no historic record of similar 

events despite ~30 rock falls in the period since 1886 (Lundy, 1992). 

From my observations over the past 35 years I find no evidence for 

widespread cliff collapse or rock fall events, and I concur with the 

conclusion of Mackey and Quigley (2014) that any similar event 

must have preceded 6,000 years before present when sea-level 

reached its present elevation and cliff erosion resulted. 

13 I am concerned at the comment by Dr Massey at Para 7.9 in which 

he implies strong shaking at Sumner-Redcliffs some 3,600 years 

ago from the data of McFadgen and Goff (2005). My review of their 

paper does not reach the same conclusion, and I am satisfied on 

geological grounds that any area-wide rock fall/cliff collapse event 

must have preceded 6,000 years before present. Whilst I do agree 

that further scientific research is needed, such a conclusion has 

direct relevance to the seismic model being used to inform decision-

making in the present situation.  

14 It is true that GNS Science has undertaken extensive investigation 

and modelling on behalf of Christchurch City Council. However, I do 

not accept that the engineering geological and geotechnical models 

that have been developed are necessarily correct on a site  specific 

basis, and I am about to start the eight MSc thesis study in 

Engineering Geology since the February 2011 earthquake that 

produced such devastating effects on the Port Hills. My students 
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and I have added to the geotechnical database for the Port Hills by 

way of independent research.  

 

Rockfall Hazards and their Management 

15 Prior to the 22 February 2011 earthquake, rock fall events of such 

magnitude and extent were neither anticipated nor recorded in the 

Christchurch area. Following the 2010 Darfield Earthquake, slopes 

adjacent to the Redcliffs School were inspected by me at the 

request of the property owner. I found minimal effects from shaking 

that probably reached 0.3g, there being no cliff collapse and about 

five rocks of 1-2kg mass. That cliff subsequently regressed by 5-

10m in the 22 February earthquake, due to indirect tensile failure in 

the upper ~30m thick basaltic ignimbrite unit. 

16 In my involvement with hillslope development on the Port Hills for 

more than 35 years, I have used a range of measures including 

benches, bunds, fences and vegetation planting to minimise effects 

of rock fall. These were premised on the presumption that peak 

ground acceleration (PGA) ≤0.4g could realistically be expected. 

The February 2011 earthquake completely changed that view.  

17 Several years prior to the CES, I required cable anchoring of loose 

rocks on a slope forming part of the Stonehaven Subdivision above 

Port Hills Road. On inspection in early 2012 (ie post the four main 

earthquake events) it was evident that the stainless wires had 

stretched, but that no boulders had been released in PGAs almost 

certainly above 0.6g. The key point in the present situation is that 

the pRDP must link closely to the “Technical Guideline for Rockfall 

Protection” (CCC, 2013), and there should be acceptance that 

future residential occupation of the Port Hills is both feasible and 

safe in certain areas. Area-wide solutions are important in places. 

18 I agree with Mr Macfarlane at Para 5.10 that vegetation should not 

be seen as a primary means of rock fall protection, but I do endorse 
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its use in conjunction with other measures. I am somewhat 

concerned at the comment by Dr Massey at Para 8.9, where he 

suggests that “….there is doubt locally and internationally as to how 

effective vegetation is at stopping rock fall”. Wyllie (2015), in his 

book “Rock Fall Engineering”, provides an introduction to recent 

European and Japanese research in this area, and it does not 

support Dr Massey’s contention. 

19 At Paras 6.11 and 6.12 Dr Massey criticises 3D Hystone modelling 

carried out for Geovert Limited on behalf of CERA. Whilst some 

boulder runouts may have been underestimated, I would suggest 

that this is more to do with calibration of the model than with any 

weakness in the methodology. I have compared the Hystone results 

with the calibrated RAMMS::Rockfall model  for the Port Hills, and 

they are mostly similar. On the other hand four of the five rock fall 

assessments we have reviewed point to serious risk over-estimation 

by the GNS “shadow angle” modelling. 

20 It is important to recognise that all modelling methods have 

limitations, and are dependent on input parameters and careful 

calibration against reality. The GNS risk modelling is a useful area-

wide “starting point” for identification of sites requiring specific 

follow-up for management purposes, but not an end in itself. There 

is a spectrum from Permitted to Prohibited in CCC Chapter 5 – 

Natural Hazards, and in my professional opinion all development of 

the Port Hills requires geotechnical assessment given the range of 

issues from rock fall through cliff collapse to mass movement types. 

21 It is interesting to note that GNS modelling shows a declining 

seismicity on a year-by year basis, potentially reducing the risk (but 

not the hazard) over time. However, Dr Gerstenberger in his 

evidence at Para 3.1 states that higher than the long-term average 

seismicity can be expected for the “next several decades”. I do not 

claim expertise in seismic modelling, but it will be important to 

resolve this issue to avoid undue conservatism. I reiterate that the 

data provided by Mackey and Quigley (2014) is logical from my own 
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observations and geological interpretations, and their data must not 

be ignored (as it appears to be in Dr Gerstenberger’s Paras 8.2 to 

8.4) for the sake of a model, however robust or well-constrained. 

 

Cliff Collapse Hazards and Management 

22 In my opinion as an engineering geologist, the shaking conditions 

that produced cliff collapse in the Redcliffs to Scarborough area are 

closely linked to the wider distribution of rock falls in the 22 February 

2011 event. The earthquake focus was shallow (≤10km deep), and 

ground rupture produced PGA values above 0.6g, and in a number 

of localities greater than 1.0g. Similar damage was not evident in 

the 4 September 2010 Darfield Earthquake, and the only 

comparable event was the 13 June 2011 earthquake. In that 

situation there was a combination of shallow focus for seismic 

energy release, and pre-conditioning of cliffs by the earlier event. 

23 I reiterate that I do not see geological evidence for such widespread 

cliff collapse in the period since sea level reached its present 

elevation ~6,000 years ago. Certainly there will have been minor cliff 

collapses due to weathering and undercutting, for example by 

preferential removal of red ash due to wetting and drying. The June 

1992 rock fall at the head of Raekura Place was, for example, the 

result of such a mechanism. However, widespread cliff collapse and 

retreat by 5-15m in a single shaking event is not evident. 

24 There have been important geological controls on cliff retreat at 

localities such as Redcliffs, and these require further assessment 

and incorporation into the modelling that has been done. To 

extrapolate “future event lines” across a range of rock types and 

slope conditions, as has been done in the GNS modelling, is 

simplistic. At the rear of Redcliffs School, and underlying part of 

Balmoral Hill, a ~30m thick basaltic ignimbrite unit has responded 

differently to basaltic lava flows elsewhere on Balmoral Hill. The 

ignimbrite, which is variably welded, has a measured strength about 
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one-tenth of the basalt (Mukhtar, 2014), and the future event lines 

should reflect this fact.  

25 Modelling of cliff-top recession and the debris “inundation” zone at 

the base of the cliff require careful management, and in the majority 

of cases exclusion from residential occupancy. It cannot be 

assumed, however, that this is necessarily the case in locations 

where the slope has been engineered and effectively stabilised. The 

requirement for both site-specific and area-wide assessment is 

endorsed, especially given the deteriorated nature of some (but not 

all) slopes. I remain satisfied that the cliff-retreat events of February 

and June 2011 are extremely rare in the geological record for 

Christchurch, and should be managed accordingly. 

 

Mass Movement Hazards and Management 

28 A range of mass movement types have been documented following 

the CES, and especially due to the 22 February 2011 earthquake 

and immediate aftershocks. These range from shaking-induced 

fracturing of volcanic bedrock to fissuring in loess that was relatively 

dry at the time of the main shock. Rainstorm-induced landsliding 

has been well documented in the loess soils of Banks Peninsula, 

especially in the period 1975-1977, and is a well understood 

process (see, for example, Bell & Trangmar, 1987). Fracturing of 

loess into blocks, local landsliding, and deep fissuring were 

observed, and GNS subsequently interpreted the last of these as a 

form of translational landsliding. 

29  I remain unconvinced that a thorough analysis of landsliding has 

been carried out, as there is only limited subsurface confirmation of 

movement (e.g. by inclinometer measurement). It is appropriate to 

manage such areas by identifying and zoning them, and requiring 

further assessment and/or investigation as may be required. Use of 

the term “mass movement hazard area” is problematic, however, as 
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in a number of situations the mechanisms of failure are not well 

understood, and caution is urged when applying such terminology. 

30 Mass Movement Hazard Management Areas 2 and 3 have not been 

subjected to detailed investigation by GNS, and it appears that there 

is no budget for such work. As mentioned earlier in my evidence, 

the research being undertaken by my postgraduate students is 

providing additional engineering geological and geotechnical data to 

allow greater understanding of the issues involved. Caution must be 

taken, however, when using emotive terms such as “landsliding” for 

processes and localities that are yet to be appropriately studied. 

 

Governors Bay Properties 

31 My company has been asked to review the proposed zoning in the 

pRDP for three properties in Governors Bay, namely 18 Hays Rise, 

58 Zephyr Terrace and 42 Zephyr Terrace. All three have been 

zoned as Rockfall Hazard Management Area 1, either wholly or in 

large part, and relevant figures are provided in Appendices One, 

Two and Three attached to this evidence statement. Brief comment 

is made below on each, but all three properties (which have a large 

land area) highlight limitations to the use of the “shadow angle” in 

the absence of ground truthing and 3D modelling techniques. 

32 No boulder reached the property at 18 Hays Rise, and the primary 

dwelling location is not considered at risk using either the Hystone 

(Geovert) or RAMMS::Rockfall 3D modelling (Appendix One). A 

gully on the south part of the land contains four chalets, and while 

no boulder has come within 200m of the site, modelling does 

indicate the possibility for topographically-constrained runout in the 

gully area. We had therefore recommended from 2D analysis that 

an engineered 30m long bund ~3.5m high be placed across the 

gully as a precaution. The GNS modelling, which underpins the land 

classification as RHMA1, provides clear constraints to future land 

use, although it is true that no activity is prohibited. The current 
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zoning is not appropriate for that portion of the property on the end 

of the ridge and should be removed. 

33 A total of 10 boulders have been identified from the CCC database 

on the large (>10ha) property at 58 Zephyr Terrace (Appendix Two), 

all being more than 50m from the dwelling and principally confined 

within a gully remote from the house. The dwelling location was 

based on advice from Dr Yetton, and 3D rock fall modelling with 

RAMMS::Rockfall confirms that the Dwelling is not at risk from rock 

fall as it is situated on a ridge. However, the entire property is zoned 

RHMA1, with similar restrictions to 18 Hays Rise, and I am 

concerned that the zoning applied does not take reasonable 

account of topographic “forcing”. In our opinion the RHMA 1 Zoning 

is not appropriate for the Dwelling and immediately adjacent areas. 

34 No boulders reached the property at 42 Zephyr Terrace (Appendix 

Three), and there is an absence of source areas on the slopes 

above the property.. Furthermore, there is a major gully 

approximately in the centre of the ~1ha property, there is extensive 

vegetation, and the Hystone (Geovert) modelling assuming no 

vegetation cover confirms an absence of predicted runout beyond 

the gully. Whilst the dwelling itself near the southern property 

boundary is in RHMA2 the majority of the land is classified as 

RHMA1, with related implications for future use of the property. It is 

our assessment that there should be no RHMA zoning from 10 

meters from the south bank of the Gully running through the 

property to the south side of the property.  

35 The “shadow angle” approach used by GNS Science is clearly 

precautionary, in that it defines a maximum runout zone based on 

estimated risk, and the hazard management zones follow from the 

risk-based definitions. Whilst this is appropriate at an area-wide 

scale and for initial assessments, failure to consider topography 

(such as gullies) is a clear limitation, as is the assumption that any 

slope steeper than 45º is a bedrock source. Further the use of 3D 

models is to be encouraged, since this takes better account of any 
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topographic “forcing”, and once calibrated removes the subjectivity 

of 2D modelling. I would urge that application of the “shadow angle” 

approach to the three Governors Bay properties be re-assessed, 

and that Dr Gerstenberger’s contention of heightened seismicity in 

the next 50 years be reviewed further as there is an inference that 

more high PGA earthquake events could occur.  

 

Property at 6 Avoca Valley Road 

36 The property at 6 Avoca Valley Road (Appendix Four) is located 

below near-continuous rock outcrop that has been partly stabilised, 

and is protected by mature trees with a dwelling upslope. Boulders 

have been released from the upslope sources, and one reached to 

within ~30m of the dwelling although none are recorded on the 

property. 3D-modelling by Hystone (Geovert) and RAMMS::Rockfall 

both indicate no runout is predicted onto this red-zoned property. 

The GNS “shadow angle” approach indicates a risk of between 10-3 

and 10-4 per annum in 2016, although this does not account for 

vegetation or potential upslope protection/remediation. 

37 Our assessment using data from the calibrated RAMMS::Rockfall 

model shows a present probability of 5 x 10-5 per annum, which 

suggests that the property is acceptable without works. As with 

other sites, however, we consider that there is merit in either 

stabilising the upslope bluff sources (by removal or anchoring), or 

by construction of a 2m high bund on land above several properties. 

The modelling undertaken confirms a bounce height of 1m, and for 

design purposes a 2m high bund is considered adequate with slope 

drainage and further vegetation of the loess-colluvium soils. It is our 

understanding that the former option (via disaggregation) is planned 

for this site to provide a “belt-and-braces” solution (see later). 

38 The property at 6 Avoca Valley Road is shown (Figure A6; Appendix 

Four) as being within Mass Movement Hazard Area 3 (MMHA3), 

and Liquefaction Assessment Area 1 (LAA1). The latter is rejected 
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as being incorrect because the foundation soils are loess-colluvium 

that is not considered susceptible to liquefaction at this site. MMHA3 

is based on reported fissuring in the loess soils, similar to Heathcote 

and Hillsborough Valleys, but the crack mapping carried out by GNS 

has actually identified buried infrastructure at 6 Avoca Valley Road. 

From my inspections of the site I am satisfied that the LAA1 and 

MMHA3 zonings should be removed from this property. 

 

Property at 5 Hammerton Lane 

39 The property at 5 Hammerton Lane (Appendix Five) is below rock 

bluffs, and experienced a PGA ≥0.7g during Port Hills earthquake of 

22 February 2011. Boulders were released from upslope sources 

above Hammerton Lane, causing damage in that event, although 

none entered the property at 5 Hammerton Lane. Subsequently a 

boulder entered the house, having been released by Geovert Ltd 

during emergency works for Bridle Path Road. 

40 I had previously advised the owners that an area-wide solution is to 

be preferred making use of ditch-and-bund construction in relation 

to the former rock quarry areas on Council-owned land upslope. It is 

my understanding that a Hammerton Lane protection system is 

under active consideration, and Mr Macfarlane in his evidence 

refers to this being a technically and economically viable option with 

the agreement of all parties.  

41 Further to earlier advice from me, the owners have installed 

temporary container protection above the dwelling, and this was 

certified by the late John Spence (structural engineer). The nature 

of the protection, including catch bench and ballasted container, is 

such that Mr Spence considered the measures to have a 50-year 

design life, although I reiterate that an area-wide solution protecting 

at least 10 dwellings would in my view be more appropriate. 
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42 We have modelled the site using the calibrated RAMMS::Rockfall 

programme, and determined an annualised probability of 2 x 10-3 

which for the unprotected portion of the site is consistent with the 

GNS modelling using the “shadow angle” approach. This confirms 

that in certain cases the shadow angle methodology is valid, but I 

would urge that a range of options (2D and 3D modelling) be used 

to obtain initial assessment on a site-specific basis. Decisions can 

then be taken as to whether more protection is required, given the 

uncertainties in input parameters. For this reason I advocate using 

modelling as an initial assessment tool only. Other protection 

measures (deconstruction; bunds; fences; etc) can then provide the 

“belt-and-braces” whereby the physical barriers, or source removal, 

form the key component of future site management.   

 

Property at 8 Balmoral Lane 

43 Parts of the property at 8 Balmoral Lane fall within Cliff Collapse 

Hazard Management Areas 1 and 2 (CCHMA1 & 2; Appendix Six). 

Given that this is a 12m high largely excavated cliff section from 

tramways construction in the 1930s, it is somewhat surprising that 

this has been included on Council’s maps. There has been no cliff-

top recession in the hard strong basalt, and none is expected. The 

owners have been advised that it would be prudent to undertake 

some anchoring of loosened rock blocks mid-face, and this has 

been costed by Solutions2Access at my request. 

44 At the owners’ request ENGEO Limited has undertaken a risk 

assessment using the GNS Science methodology, and found an 

annualised probability value of 1.8 x 10-5 which is acceptable. In my 

view this is conservatively high, but again I would recommend that a 

“belt-and-braces” approach be adopted by carrying out the 3.6m 

long bolting programme recommended. The cliff face will not 

regress in the manner shown in the relevant GNS Science reports, 

and I consider that comments made by GNS Science by way of a 
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letter to the owners dated 4 March 2014 (Massey et al, 2014) is not 

correct in certain areas. I would be happy to elaborate if requested. 

 

Conclusions 

45 The Port Hills area of Christchurch has been subjected to shaking 

damage in the Canterbury Earthquake Sequence unprecedented in 

recorded history. The incomplete geological record available does 

suggest that it is more than 6,000 years since a similar occurrence. 

46 In terms of rock fall hazard, in which more than 5,000 boulders were 

released (mostly on 22 February 2011), the response has been to 

extensively document and model observed runout. GNS Science 

has recommended the “shadow angle” approach to risk zoning. 

47 The extent of cliff collapse on 22 February 2011, and on 13 June 

2011, is consistent with the earthquake triggering being rare in the 

geological record (as for rock fall). The response has been to model 

cliff collapse, and to establish Hazard Management Zones 1 and 2. 

48 GNS Science has identified a number of Mass Movement Hazard 

Areas (MMHA1-3) to reflect perceived severity of slope instability. In 

my opinion there remains concern about the mechanisms for some 

of these, especially loess fissuring, that must still be resolved. 

49 For the three properties at Governors Bay (18 Hays Rise; 58 Zephyr 

Terrace; 42 Zephyr Terrace) I have concerns about the extent of 

RHMA1, as it covers most of the three properties. Our modelling 

suggests that the risk is overstated and needs re-assessment. 

50 We assess the property at 6 Avoca Valley Road as having an 

annualised probability less than 10-4, and consider that the “shadow 

angle” modelling by GNS Science overstates the risk. I understand 

that the owners are arranging for removal of rocks at source. 

51 Our assessment of the property at 5 Hammerton Lane agrees with 

that of GNS Science, and long-term protection of the dwelling will be 
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required. I understand that an area-wide solution for this part of 

Hammerton Lane is under active consideration, and I endorse this.  

52 The property at 8 Balmoral Lane is located above a near-vertical 

slope that was excavated by drill-and-blast some 80 years ago. It 

has not regressed, but I have recommended that limited anchoring 

of joint-controlled blocks be undertaken for long-term security. 
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