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Executive Summary 
 
 

1. The Brittan Terrace Fuels Storage Tank Facility lies partly within the Cliff 

Hazard 1 and 2 zones at the base of steep cliffs up to 25 m high. The 

slopes comprise loess soil over volcanic bedrock. In 2014 a slip occurred 

in the loess soil at the south-eastern end of the site which damaged fuel 

storage tanks in response to a sustained rainfall event. Geological 

conditions to the north-east in the balance of the slopes behind the Oil 

Companies facilities are less likely to experience this mode of failure due 

to a shallower thickness of loess soils in this area. 

2. The Lyttelton to Woolston Fuel Pipeline crosses Rockfall Hazard 

Management Zone 1 and 2 areas.  Rockfall affected the pipeline during 

the Canterbury earthquakes, including damage to one section of the pipe. 

The damage location and some other areas of potential rockfall areas 

identified from hazard studies specific to the pipeline lie outside the 

Rockfall Hazard zones. Relocation of the pipeline alignment to avoid the 

zones, and rockfall hazard in general, does not appear to be a practical 

alternative. Hazard mitigation is however feasible and a number of such 

measures are in place or scheduled. 

3. Given the same hazard, Annual Individual Fatality Risk for residential 

structures (the metric adopted for definition of hazard zones) will be 

different for unattended infrastructure. In the case of infrastructure, 

mitigation is also more readily implemented and monitored due to 

corporate ownership. Specific risk assessment is necessary for assessing 

life and other risks to infrastructure. 

4. The oil storage and pipeline facilities are critical infrastructure for the 

Canterbury Region. Planning provisions that allow for maintenance, 

mitigation, upgrade and new works commensurate with maintaining the 

overall network without overly restrictive consenting requirements are 

appropriate where no practical alternatives for fuel storage and 

reticulation are available. Risk assessments specific to the site and 

proposed activity should be carried out to inform the consenting process 

in the cases of upgrade and new works. 
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Introduction 
 

1.  My full name is Paul James Horrey.   I am employed by Beca in 

Christchurch in the role of Technical Director – Engineering 

Geology.  I have 25 years’ experience in Engineering Geology and 

Geotechnical Engineering, including slope stability and natural 

hazard assessment and mitigation. 

 

Qualifications and Experience 

2. My qualifications and experience are set out in Attachment A to this 

evidence.  I confirm that the issues addressed in this brief of 

evidence are within my area of expertise. 

  

Code of Conduct for Expert Witnesses 

3. I confirm that I have read and am familiar with the Code of Conduct 

for expert witnesses contained in the Environment Court 

consolidated Practice Note 2014.  I have complied with the Practice 

Note when preparing my written statement of evidence and will do 

so when I give oral evidence before the Panel. 

4. The data, information, facts and assumptions I have considered in 

forming my opinions are set out in my evidence, as are the reasons 

for the opinions I express.  I have not omitted to consider material 

facts known to me that might alter or detract from the opinions that I 

express.  

 

Scope of Evidence 

5. I have been engaged by the Oil Companies to comment with 

respect to the Brittan Terrace Fuel Storage Facility, and the 

Lyttelton to Woolston Liquid Fuel Pipeline (the Oil Companies’ 

infrastructure). 

6. Specifically, my evidence addresses the following matters: 

(a) The nature of slope instability potentially affecting the Oil 

Companies’ assets in the proposed Brittan Terrace Cliff 

Collapse Hazard Zone; 
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(b) The nature of slope instability potentially affecting the Lyttelton 

to Woolston Liquid Fuel Pipeline; 

(c) The applicability of Annual Individual Fatality Risk (AIFR) as a 

basis for risk zonation for infrastructure; and 

(d) The applicability in a geotechnical sense of the planning 

designations proposed for the Oil Companies’ infrastructure by 

Mr Le Marquand in his evidence. 

7. In reviewing these matters, I have considered a number of 

documents which I have set out in Appendix B to this evidence. 

8. I have undertaken a site visit to the Brittan Terrace facility and have 

had discussions with operations staff. 

9. I have also participated in the slope hazard expert caucusing 

sessions held on January 12 and 13 2015, and comment further on 

this below. 

10. In my evidence I have adopted the definition of “infrastructure” as 

set out in the Expert Planning Conference Statement, which 

includes” bulk storage fuel facilities and associated pipelines”. 

 

The nature of slope instability potentially affecti ng the Oil Companies’ 

infrastructure in the Brittan Terrace Cliff Hazard zone.  

11. The proposed Cliff Hazard Management Areas below Brittan 

Terrace, Lyttelton, extends on to land at the base of cliffs owned by 

Lyttelton Ports of Christchurch.  The site is currently occupied by 

fuel storage facilities owned and operated by Mobil Oil NZ Limited 

(at the south-western end) and owned by Z Energy Limited (north-

eastern end) and operated on behalf of Z Energy by New Zealand 

Oil Services Limited.      

12. The slopes behind the Oil Companies’ tanks are steep (75-85 

degrees), up to 20 to 25 m in height, and comprise strong, jointed 

basalt and trachyte lava flows interbedded with tuffaceous 

agglomerate beds.  Overlying this is a mantle of loess soil (wind 

deposited silt and sand) ranging from a few metres to around 12 m 

in thickness. 
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13. The site originally comprised naturally formed coastal cliffs which 

were subsequently extended inland by quarrying operations during 

early port development to provide rock fill for reclamation. 

14. No cliff collapse occurred at the Oil Companies’ site during the 

Canterbury earthquake sequence. 

15. No damage to fuel storage infrastructure due to rockfall events 

during the Canterbury earthquake sequence was reported by site 

operations staff.  Records of rockfall assessment carried out by the 

Port Hill Geotechnical Group indicate that several fallen rocks were 

observed at the extreme north-eastern end of the site during a 

survey undertaken on 22 April 2013, but do not indicate fallen rocks 

elsewhere on the Oil Companies’ site. 

16.  Records indicate several small slips have occurred from the soil 

slopes over the years in response to heavy rainfall events, and 

periodic minor ravelling of loose rock material is also recorded. 

17.  On Wednesday 5 March 2014, following a period of exceptionally 

heavy rainfall, a landslip occurred at the south-eastern end of the 

site, involving around 3400 m3 of loess soil and overlying vegetation.  

The landslip impacted Tank 23 and Tank 25 of the Mobil facility, 

which as a result are currently out of commission.  Details of this 

event are covered by Mr Taylor in his Strategic Directions evidence 

dated 25 November 20141. 

18. Loess soil is far more susceptible to loss of strength on wetting than 

the volcanic rock.   The landslip occurred at a location where the 

loess soil overlying the volcanic rock comprised approximately  the 

upper half of the cut slope.  The slip was confined to the loess soil 

and overlying vegetation.  The exposed contact between the loess 

soils and rock rises rapidly in the cut slopes immediately to the 

north-east of the slip.  In other words, the loess occurs as a much 

thinner layer in this area.  This feature makes the probability of a 

similar magnitude rainfall related event much lower in the balance of 

the tank area in relation to the slip site. 

 

1  Evidence of Cameron Taylor in relation to Chapter 3 - Strategic Directions and Chapter 1 Strategic 

Outcomes dated 25 November 2014, Section 4. 
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The nature of slope instability potentially affecti ng the Lyttelton to 

Woolston Pipeline route.  

19. The Lyttelton to Woolston Pipeline route runs underground from the 

Mobil George Seymour Quay facility (outside the cliff hazard zone) 

until it is clear of the Lyttelton residential area, upslope of Harman 

Terrace.  The pipeline route crosses the north-eastern corner of the 

Cliff Hazard Management Zone below Brittan Terrace, but is fully 

buried at this point.  From Harman Terrace the route runs overland 

over the crest of the Port Hills, traversing loess soil slopes with 

sporadic rock outcrops.  At the bottom of the Bridle Path on the 

Heathcote Valley side, the pipeline is again located underground 

until it reaches the distribution facility in Woolston.  The overland 

section of the pipeline crosses several areas designated as Rockfall 

Management Areas 1 and 2, with the remainder of the Port Hills 

section of the pipeline traversing the Port Hills and Banks Peninsula 

Slope Instability Management Area. 

20. Rockfall occurred adjacent to and across the pipeline route during 

the Canterbury earthquakes.  In one section the pipeline was 

impacted, resulting in damage, but no breach or loss of product 

occurred. 

21. The impact occurred between Supports 62 and 88 on the Lyttelton 

side, which is not included in either of the Rockfall Hazard 

Management areas.  

22. Subsequent to the earthquakes a number of rockfall sources 

potentially affecting the pipeline on the Lyttelton side have been 

treated as part of rockfall mitigation works for the nearby Bridle 

Path.  This work was carried out under the auspices of the Port Hills 

Geotechnical Group (PHGG).  

23. Rockfall hazard assessments were carried out for the pipeline by 

Beca between 2011 and 2014, which recommended some 

additional areas be treated by removal of loose rocks or isolated 

outcrops.  These areas also predominantly lie outside the current 

Rockfall Hazard Management Areas (RHMAs).   Some rocks were 

removed under emergency provisions in 2011 and Mobil is currently 

obtaining the required resource consents to carry out the remaining 

recommended works. 
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24. Relocation of the pipeline route to avoid the RHMAs would require 

significant realignment, which, even if practical, may also expose 

the pipeline to other hazards by virtue of increased length.  Since 

rockfall hazard has been observed to also exist outside the RHMAs, 

it is apparent that such realignment would not be free of the hazard.  

25. I have not made a detailed study of alternative alignment options.  

On the basis of the information I have reviewed, I do however 

consider it unlikely that the pipeline could be realigned to avoid 

rockfall hazard whilst still performing its current function. 

 

The applicability of Annual Individual Fatality Ris k (AIFR) as a basis for risk 

zonation for infrastructure. 

26. The Cliff Hazard Management Areas and the RHMAs proposed in 

the Replacement District Plan have been defined based on the 

assessed annual risk of death to an individual in their place of 

residence as a result of being impacted by the specific hazard.  

Slope stability hazards resulting from both earthquake and non-

earthquake triggers have been considered. 

27. AIFR assessments for Cliff Hazard Management Zones 1 and 2 are 

based on assumed residential occupancy 100% of the time.  AIFR 

assessments for RHMAs 1 and 2 assume occupancy of 100% and 

67 % respectively. 

28. If the AIFR concept is applied to areas only occupied by 

infrastructure, the life risk is likely to be quite different from a 

residential situation for a number of reasons. 

29. Infrastructure, including tanks and pipelines, are not attended by 

personnel during normal operation.  Occasional visits are required 

for inspections and maintenance, but the overall exposure is 

typically far lower than a residential situation.  Public access may be 

restricted or prohibited in some cases (e.g. there is no public access 

to the terminal sites).  Ms Wypych has outlined expected 

occupancies related to the Oil Companies facilities in her evidence. 

30. Maintenance and inspection personnel are working in a controlled 

workplace subject to Occupational Health and Safety requirements 

and corporate asset management guidelines. 
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31. Risk mitigation is more readily carried out as the asset is generally 

under the control of an established commercial or statutory authority 

operator rather than a number of private property owners.  Similarly 

compliance is more readily monitored and remedial actions more 

readily enforced. 

32. In terms of mitigation, the Oil Companies carry out the following risk 

management activities in relation to geotechnical hazards (list not 

exhaustive): 

Brittan Terrace Tanks Facility Lyttelton to Woolston Pipeline 

 

a) Public access is prevented by security fencing; 

b) Measures are in place to decrease risks arising from 

rockfall on the site, including engineered catch fences and 

debris barriers, fenced exclusion zones at the base of the 

cliff slopes with warning signage, and storage of lower 

volatility products in tanks closest to the cliffs; 

 

c) Scaling of loose rock from the cliff face has been 

undertaken post-earthquake by a specialist contractor; 

 

d) Ongoing inspections and condition assessments of the 

slopes behind the tanks are made by professional 

engineering geologists. 

 

Lyttelton to Woolston Pipeline 

 

e) Regular inspections of structural integrity and geotechnical 

hazards are made. Geotechnical hazards considered 

include rockfall and the potential for erosion to affect 

pipeline support foundation stability in areas of loess soil. 

Mr Taylor provides further details of inspection activities in 

his evidence.  Rockfall hazard mitigation in the form of 

source area treatment has been carried out and more is 

scheduled for specific areas of the pipeline in 2015. 
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33. Consequences other than risk to life by direct impact of rockfall or 

cliff collapse may dominate the risk profile. 

34. In the light of the above it is my opinion that the residential AIFR 

approach, while an appropriate starting point for area-wide zonation, 

has significant limitations when applied to infrastructure.  A risk 

assessment specific to the particular location and to the particular 

proposed activity is required.  The planning framework therefore 

needs to incorporate the flexibility for such assessment to be 

considered.  

 

The applicability in a geotechnical sense of the pl anning framework 

proposed for the Oil Companies’ infrastructure by M r Le Marquand in his 

evidence. 

35. Mr Taylor in his evidence Strategic Directions evidence has outlined 

the strategic importance of the Oil Companies’ infrastructure in 

relation to fuel supply and distribution in the South Island.2 

36. I would like to reaffirm my agreement with the following statement 

that was included in the Joint Witness Statement arising from the 

land stability expert caucusing session. 3  

“We have discussed the proposed prohibited and some non-

complying activity status for specific industrial areas including the 

land owned by the Lyttelton Port of Christchurch, strategic fuel 

storage facilities and the Lyttelton to Woolston fuel pipeline. It is 

recognised that industrial activity and critical infrastructure has a 

different risk profile to residential activity, and that some activities 

like routine maintenance, , hazard mitigation and limited new work 

to maintain the operational status of key facilities should not require 

an ‘onerous’ consenting regime Council should review the activity 

status in these areas in the light of this concern.” 

37. Mr Le Marquand in his evidence has outlined the specific activity 

status sought by the Oil Companies in relation to the Oil Companies’ 

infrastructure. 

2. Evidence of Cameron Taylor in relation to Chapter 3 - Strategic Directions and Chapter 1 Strategic Outcomes 
dated 25 November 2014, Section 2. 

3. Report to Hearings Panel on Expert Caucusing on Land Stability, Liquefaction and Flooding, 30  January 
2015 at paragraph 9. 
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38. I would like to make the following comments on the proposed 

activities from a geotechnical perspective in relation to the Oil 

Companies’ infrastructure. 

39. Parts of the Brittan Terrace fuel storage facility, and the sections of 

the Lyttelton to Woolston fuel pipeline are subject to cliff collapse 

and rockfall hazard.  These hazards have been exacerbated by the 

Canterbury Earthquake Sequence. In an ideal world the facilities 

would be located to avoid such hazards, and this should remain a 

long term objective where it is practical to do so.  If practical 

alternatives to achieve this are not available, particularly in the short 

to medium term, robust and regularly updated risk assessment 

combined with mitigation of the hazards and risks are required to 

allow the facilities to continue to operate and fill their strategic role.  

40. Routine maintenance and inspections of critical infrastructure in the 

cliff collapse and rockfall hazard zones are fundamental 

requirements to ongoing safe operation and any planning regime 

needs to be sufficiently flexible and responsive to how the critical 

infrastructure is managed.  Assuming the routine maintenance and 

inspections follow established occupational health and safety 

protocols and the hazards are regularly re-assessed, it is difficult to 

see what further controls could carefully be addressed. 

41. As I have mentioned above, hazard mitigation is more readily 

carried out by an infrastructure operator in relation to fixed, 

unattended assets than by residential property owners in relation to 

residential occupancy.   A planning framework that allows mitigation 

works to be carried out is appropriate, provided they do not in 

themselves create a further hazard, and provided they do not 

transfer or increase risk to neighbouring properties. 

42. In my opinion provision in the consenting framework for new works 

where required to allow the continued operation of the overall critical 

infrastructure network, and where no practical alternative exists, is 

reasonable.  A technical risk assessment specific to the project in 

question should be carried out in such cases and used to inform the 

consenting process.  It is important that there is a regulatory 

pathway for such risk assessment. This is in accordance with the 

following extract from the land stability expert caucusing session) as 

reiterated below:4 



 “We acknowledge that the area w

always sufficient to determine risk on a site specif

opportunity to undertake individual site assessment must be 

provided for in the plan (as identified in Se
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4.  Report to Hearings Panel on Expert Caucusing on Lan d Stability, Liquefaction and Flooding, 30 

January 2015, at paragraph 3  
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“We acknowledge that the area wide mapping and modelling is not 

always sufficient to determine risk on a site specific basis. The 

opportunity to undertake individual site assessment must be 

provided for in the plan (as identified in Section 4 below).

 

Report to Hearings Panel on Expert Caucusing on Lan d Stability, Liquefaction and Flooding, 30 

 

ide mapping and modelling is not 

c basis. The 

opportunity to undertake individual site assessment must be 

ion 4 below). 

Report to Hearings Panel on Expert Caucusing on Lan d Stability, Liquefaction and Flooding, 30 
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ATTACHMENT A 

RELEVANT EXPERIENCE AND QUALIFICATIONS 

 

Qualifications and memberships 

My qualifications are Bachelor of Science in Geology, and Master of Science 

(Honours) in Engineering Geology. Both qualifications were obtained from the 

University of Canterbury. My MSc thesis concerned natural hazards in the Picton 

Area including slope instability in relation to land use planning. I am a Fellow and 

Chartered Geologist with the Geological Society of London, and a Chartered 

Professional Engineer and Member of the Institute of Professional Engineers, 

New Zealand.   

I have been a member of the New Zealand Geotechnical Society since 1991, and 

have served on the National Management Committee. I am also a member of the 

Association of Engineering Geologists (IAEG), International Society of Rock 

Mechanics (ISRM) and the New Zealand Society on Large Dams (NZSOLD). 

 

Work History: 

Beca, Christchurch, New Zealand, Technical Director – Engineering Geology 

(November 2014 – present) 

Golder Associates (SA) Ltd, Santiago, Chile. Principal, Engineering Geology and 

Rock Mechanics Specialist (July 2008 to Oct 2014) Golder Chile Board of 

Directors, 2012-14. 

Golder Associates (NZ) Ltd – Christchurch, New Zealand. Engineering Geology 

Specialist (2000 to 2008), Associate from 2006. Office  Manager, 2004-2007. NZ 

Geotechnical Team Leader, 2004-8. Golder NZ Board of  Directors, 2007.  

Riddolls & Grocott Ltd – Christchurch, New Zealand, Senior Engineering 

Geologist (1996 to 2000)  

Rust Environmental Ltd – Chester, United Kingdom, Engineering Geologist – 

Project Leader (1994 to 1996) 

Soil Mechanics Ltd – Doncaster, United Kingdom, Engineering Geologist (1993 to 

1994) 

Exploration Associates Ltd – Berkshire, United Kingdom, Engineering Geologist – 

Senior Site Agent (1992 to 1993) 
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New Zealand Geological Survey – Cromwell, New Zealand, Engineering 

Geologist – Clyde Reservoir Stabilisation (1990 to 1991). 

Worley Consultants Ltd – Tauranga, New Zealand, Engineering Geologist- 

Arapuni Power Scheme Remediation (1989 to 1990). 

 

Upon graduation I spent two years working on large hydro-electric schemes in 

New Zealand, followed by five years in the United Kingdom employed in ground 

investigation contracting and geo-environmental consultancy. Upon returning to 

New Zealand in 1996 I worked for a specialist engineering geological consultancy 

in Christchurch which became Golder Associates (NZ) Ltd in 2000. Over the 

twelve year period from 1996 to 2008 I carried out a number of slope stability and 

rockfall hazard studies for properties and developments around Canterbury, 

including the Port Hills. I was a Lyttelton resident from 1996 until 2004.  In 2008 I 

transferred to Golder Associates in Santiago Chile, working as a geotechnical 

consultant in the mining and hydropower industries. This included a number of 

commissions for the design of large rock slopes for mine open pits, and various 

mining infrastructure.  In October 2014 I returned to New Zealand and assumed 

my current role with Beca.  Over the course of my career I have worked on a 

wide range of ground engineering projects in urban development, mining and civil 

infrastructure. These have regularly involved the investigation, assessment and 

mitigation of land stability hazards and the associated risks. 
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ATTACHMENT B 

DOCUMENTS CONSIDERED IN DEVELOPING THIS EVIDENCE. 

In drafting this evidence I considered a number of documents, including: 

The proposed Replacement District Plan provisions, 

Technical information and reports on slope instability risk assessment referenced 

in the Replacement District Plan revision, including: 

Port Hills Geotechnical Group Map 90 “Location of Fallen and In-situ 

Boulders and Bluffs”:  

Canterbury Earthquakes 2010/11 Port Hills Slope Stability: Pilot Study for 

assessing life-safety risk from rockfalls (boulder rolls); C.I. Massey, M.J. 

McSaverny, D. Heron, B. Lukovic. GNS Science Consultancy Report 

2011/311. March 2012 

Canterbury Earthquakes 2010/11 Port Hills Slope Stability: Life safety risk 

from rockfalls (boulder rolls) in the Port Hills. C.I. Massey, M.J. McSaverny, 

B. Lukovic, D. Heron, W. Reis, A. Moore, J. Carey., GNS Science 

Consultancy Report 2012/123 May 2012  

Canterbury Earthquakes 2010/11 Port Hills Slope Stability: Pilot study for 

assessing life-safety risk from cliff collapse. C.I. Massey, M.D. Yetton, B. 

Lukovic, M.J. McSaverny, D. Heron, Z.R.V. Bruce. GNS Science 

Consultancy Report 2102/57, March 2012. 

Canterbury Earthquakes 2010/2011 Port Hills Slope Stability: Life safety 

risk from cliff collapse in the Port Hills. C.I. Massey, M.J McSaverny, D. 

Heron, GNS Science Consultancy Report 2012/124, May 2012, 

Reports by specialist geotechnical consultants prepared on behalf of and made 

available to me by the Oil Companies: 

Assessment and slope failure hazard and risk at the Shell Site 2 in 

Lyttelton. G.T Hancox GNS Science Consultancy report 2004/180, 25 

January 2005. 

Lyttelton Z Site 2 Cliff Face Inspection. Technical memorandum from 

Aurecon dated 6 June 2012. 

NZSOL Z Site Cliff Stability Works – Geotechnical Site Inspection. 

Techncial Memo from Aurecon dated 26 February 2013 
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Lyttelton-Woolston pipeline rockfall risk assessment, Beca consultancy 

report to Mobil Oil NZ Ltd dated 28 March 2014, and preceding reports 

referenced therein, 

Planning Expert Conferencing Statement Regarding Chapter 5 - Natural Hazards, 

29 January 2015. 

Report to Hearings Panel on Expert Caucusing on Land Stability, Liquefaction 

and Flooding, 30 January 2015. 

The evidence of Mr Taylor and Mr Le Marquand from the earlier Strategic 

Directions review. 

The evidence related to the present hearing of Ms Wypych, Mr Taylor and Mr Le 

Marquand. 


