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Executive Summary

Elict Sinclair has been commissionad by the Redcliffs Schoel Board of Trustoes to provide experl
technical advice Lo

o Specifically address the Ministry of Education's concerns (Fducation Renort, Mow 2015)
regarding racklall hazard managemens

= Explore rockfall mitigation measures that provide assurance of minimisad disruption Lo
education, appropriate levels of safety, and minimised uncertainty; and

o Provide substantially new information regarding rockfall hazard management and disruption
mitigation,

Eliot Sinclair has reviewed the MWH's preliminary rackfall mitigation works design (Aug 2014),
the Board of Trustees' June 2015 submission, the MoE's experts’ reviews af that submissian and
the subsequent MoE Education Repaort {Mov 2015), the latter recommending closure of the
schosol.

The MWH design does not address the MoE's key concerns regarding disruption to education
that could palentially oceur, for example, following a large rockfall evens, The site would be at
low risk in the context of rockfall risk for that event, but it is the Ministny's cancern that
uncertainty would remain regarding the time taken to reassess the en-going rsk presented by
the cliff,

In this regard, perormance criteria to minimise disruption to education dun to rockfall are
necessarily more stringent than these required for safety — in that measures to minimise
disription need to provide assurances in the long-term (over a duration where there could he
multiple large rockfall events) without the need for detailed roassessment of the olill face cach
time.

We have undertaken a thorough review of the mitigation waorks design and present a new
design that has higher performance requirements, and achieves those requirements via
minimisation and, in seme instances, elimination of elements af risk that form the basis al the
boE cancerns

The: revised design relies on retreating the operational school haundary further from the rackfall
source and providing a 2m high bund, With the revised mitigation measures in place there js
negligible risk of disruption at Redeliffs Schocl dus to rockfall,  Another notable henefit is that
the maintenance and menitering reguirements are minimised toa very low level with minimal
burden on the Board regarding diversion of resouroes,

There is & strong case [or the MoE to review the new information provided in this renort and
reeansider its decision regarding the lulure of Redcliffs School, where those parts of ils decision
relate o rockiall hazard mitigation and minimisation of disruption,

A1ZEGE_LG0O0LIAC05 RPT riin rockfall hazard mitidat oo ol
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1 Introduction

Eliot Sinclair has bean commissioned by the Redoliffs School Board of Trustees lo provide
technical advice regarding rockfall hazard mitigation measures at the school’s site (136 Main
Ruad, Redditts, Christchurch),

As a result of rockfall hazard asscciated with the 2010-2011 Canterbury Earthguakes Sequence
the schoal has been refocated to a site in Sumner. In March 2015 the Education Minister began
consultation with the Board of Trustees about the possible cosure of the school because of
cencemns about the long-term salely of the Redeliffs site due to rodkdall hazard', Tn June 2015
the Board of Trustees presented a submission to support the schoal returning to its Redeliffs
site”.  The submission included technical repatling addressing rockfall hazard management.

In Mevember 2015 the Education Minister made an interim decision to close Radcliffls Schaol
hocause of on-geing concern about the unstable cliff behind the school™, OF critical cancern to
the Ministry of Education (Mob} was uncertainty regarding the potential for disruption to
education dus Lo rockfall,

The Board of Trustees has the opportunity to provide a follow-up submission to the Mok to
present new information supporting their case to save the schoal Trom dosure,

This report addresses technical maliers associated with rockfall hazard management and
disruption mitigation. it specifically provides new information as part of the technical reporling
fat the Board of Trustess' submission to infarm the MoE's final decision making, where thosa
consicderations relate 1o rockfall hazard management and disruption mitigatian,

The suhject of rockfall hazard management at the site covers complex matters reguiring
competency and familiarity with the subject matter and a suile of comprehensive technical
reporls on which the Eliot Sinclair repart is hased, References to relevant reports are provided
throughout,

Yz vardous Rueelills refaun s and subirrission doraments 2re available 3t Lt fshapinced usatior govlone fread-mora-
Afmcen-annauncernents under e 23 Marcl 2000 and 25 Movernber 2005 headings.

1 Appordiy Tunder the 25 Movernber 2005 heading,

® Ehizatlon Rt Conatierotion nf Clasume of Redoliffs Schoal Chasichirehy 9 Novermbey 2015
Ittpeddskapinood ucation. ol nafread-more- 2fracent-annoUnce mefks

* driferin Redelfifs decisfon anenoaeed; 75 Movember 2015 hltos: e beelive povledfreessefntedm-redelits-
cacisian annsnge:d
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2  Objectives
The ohjectives of the Eliot Sinclair report are as follows:

1 To review the suite of existing documents and reparts relating to rockfall hazard
management at Redcliffs Schaol,

2 To provide technical assessment and recommendations regarding rocklall  hazard
assossmentand management at the Redcliffs School site,

4 To pravide new information for the MaoE to take into account in its decision regarding the
futire of Redolitfs Schoal,

A Te review the key MoE concems of zafety and disruption to education associated with
rockfall hazard managomont,

5 To provide a rationale for the development of management measures Lo address safety and
ta minimise disruption to education.

3  Scope of worlc

The scape of work was developed to address the Board of Trustees' requirements for their
subimission, and to address particular lopics and provide new informatian, where appropriate.
An outline of eur scope of work is as follows,

1 Briefing meeting with members of the Board of Trustees
Z  Site inspections

3 PReview of existing documents and reports, including the basis of the MoE's Interim decision
and roporis by technical cxperis commissioned by iMoE. The Mok commissioned Lhe
following experts fo provide their toechnical advice:

o M Steve Waoods, MWH {(author of MaoE's technical reporting regarding rockfall hazard
management at the schaal site. The MWH 2015 report presents a bund design that
addresses safely requirements),

s [ Jan Kupeq CERA {provided comments on the Board of Trostecs’ June 2015
sirhrnission).

= Do lan Wright, CCC (provided comments on the Board of Trustees' June 2005
subrmission),

4 Reporting to provide sclutions to the MoE's concerns and the concerns of their tochnical
experts.  Following our review of the Mol's and their experts’ reports, tepics of particular
relevance that warranted specific review and comment are:

¢ [isruption mitigation

e Thr definition of "safety” as it relates to rockfzll hazard manangoement and occupancy of
the schoal site, This fapic is linked to an assessmoent of risk

e [isk assessment

e Lincertainty mitigation

S1FTEE RGN RPT_nkhoroc k!l hazacd mltTgatlon_linal
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4 Existing Informafion

The twao main saurces of relovant existing information are:

1 The reports and ather documents catalagued on the MoE's Shaping Educstion website
httpeffshapingeducationgovt.nz fread-more-2/recent-announcaments  Under the headings
af the 23 March 2015 and 25 Novombor 2005 decisians,

Ky documents include;

= Fducation Minister's Noy 2015 press release

=  MoE Education Report (Mov 2015)

a  Board June 2015 submission, including lune 2005 AECOM repaort
MWWE 2004 renort

o  CERA, COC and MWH review comments on the Board's subimission
o May 2015 Expearts' meeling rminutes

2 The suite of GNS Port Hills geotechnical reports catalogued on the Christchureh City
Council's website  httpi/dww congov nzdenvironment/land/slope-stability foort-hills-gns-
repartsd

GNS' porfalio of reparts® develaped as part of the CCC's respohse to land stability
management, District Plan recommendations regarding natural hazards, and CERA's
tecisions regarding land zoning’.

Koy documents include:
o Risle Assessment far Redcliffs (2014/78) Massey et al, 2014

u  Principles and Criteria for the Assessment of Risk from Slepe Instability in the Part Hills,
Christchurch [2011/319); Taig et al. 2012

e Pilot study for assessing lfe-safeby risk from <iiff collapse (2012/57) Massey et al. 2012

We inspected a suite of other existing reports daling back to rockfzll technizal advice following
the 4 September 2010 earthiquake, whers rockfall hazard became evident at the schaool site,
Soveral other reports followed by varous authors and their pear raviewers, bul of primary
relevance to the current risk assessment are those tems listed above.

" Refer b e con aostnzicaviranmentand fslope “shalslityfpos b Dills-pes- ey
& Refer Lo It dfeoragoy Ligfporl fills
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5 Mew information

Mew information presented in this reporl includes:

1 Hiot Sinclairs independent oepert review and assessment of MoEs and their experts’
technical concerns.  We have reviewed the MoE's Educstion Feport [Mov 2005} and
associated documents and identified their key concerns with regard to disnipiion to
education,

P

Clarification of the MoE experts' comments and concerns via meetings with MoE expert
advisors, We have roviewed the MoE cxports” roparis and, where warranted, met with them
to spacifically understand the background ta their comments’,

3 [efinition of safety appropriate for rockfall risk management at the school site
4 Definition ef risk levels and Lheir relevance to the school site
5 Modelling and verification of rockfall hazard

B Ravised rockfall hazard mitigation works specifically tailored fo address MoE's concerns,
Those measures include the definition of a revised eperational schoal boundary beyend
which Lhe risk of disruption is negligibis,

¥ On the basis of the definition of risk and safety at the school it is possible to provide
assurances of safety and minimisation of disruption to as low as practically pessible within
the school site,

? pieeting between Tan Wright snd Mick Harwooe: 19 February 2006, heeting between Jan Kupee and Mick Haswood: 1
Warch 201R, Weating babween Staphen Woors and Mick Harwood; 23 March 2016

A1Z26E 1E0O0L23005 RET nkh rockfal! bazerd mitigation final
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6  Ministry of Education's concerns

6.1 Introduction

The MoE's concerns are expressed in their Education Reports (March 2015 & November 2015)
and the associated media releases {25 March 2015" & 25 November 20157, respectively).

The MoE concerns fall intu three main catogorics

a  Disruption to education

2 Planning for return to site

o Local schooing policy e, Redelills dosing and other scheols absarking the pupils

= This report addresses the techinical matters assodated with rackfall hazard management,
wihich we have categorised as relaling to disruption to cducation, safety and uncertairity.
Disruption to education is the primary MoE concern and s interlinked with the topics of
sefety and Lnoortainty,

The new information particularly relates to topics and issues riscd by the MoE and its expert
advisors,  We met with thoe MoE's expers to get a better understanding of their reported
comments. These mectings helped inform the scope of work to be addressed in our reponiing.
Rather than picking out ndividual itemms from the MaE repart and their experts' reports we
present a review of key topics, then a salution to those concerns by way of a revised operzlinnal
school boundary and a revised bund location and design.

The Ministry response has emphasised risk as the key decision influence, without specifying
whal level of risk they are willing to accopt, The Mok infers they are not willing o accept any
disruption, but this not achievable lora schoel in Mew Zealand given our expasure ta miultiple
natural hazards, We discuss this topic fuither in the report,

6.2 MoF concerns - details

& Bochive pross release™ gives a succinct account of the Education Minister's cancarms, We
present an extract ot Education Ministor Hokia Parata’s 25 Mov 2005 press release bolow, We
have sdded reference numbers to jdontify the specific concerns, which provide the basis farthe
Eliot Sinclair reassessment and provision of technica! zdvice to the Board of Trustees.  Greater
detail is provided in the MoE Education Reporl (Mow 2015), but the cssence of the concerns is
prosented in the pross release.

Cammeznts by the Education Minister regarding the Board's Jure 2015 submission;

"1 have considered Lhe submissicns, including oxport advice, and 1remain concerned sbout (1)
the petential for future disruption to education provision if the schoal returns to the Main Road

site”,

* 23 Warch 2015 media releasz at i bt apingeducalisn povh nefread- more-2fecent-annau nCemens,

=205 Mlovemnber 2005 modia releass at hilps g Aasnehe shive.qovt nefreleaseinter m-redclife-desision-annour e,

s Wowsrmilar 2115 Beehive press release st hrtps/ A beehive.govt nzdieicasente dem - redel iTls-decisian-
anrounesd

A1 23GA_1E0901 23005_APT_nkm_rockiz | Razard mitigaticn finzl
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"“While the school's board has argued that {2y ciroumstanees that could give rise to potential
disruption are extremely unlilely, advice from technical experls has shown these concems
cannat be ruled out.”

"The situation s further campliceted by uncertainty over (3) which agency or agencies would be
responsible for deciding on a return to the site following a significant event, {4) the private
ownership of the land bohind the school and (5) the fact that no agency is currently monitoring
the cliff tace”

"Although nat the primary reason for my decision, Tam alsa concerned ahaut the uncertainty of
(6) the likely timing of & return to the Main Road site. As T understand it there is still oo
timeframe sot far the rernoval of the houses from the clifi-top and no work can begin until 1his
happens.

“(7) It has already been five years since the school was an its site, T ooould. be several more
yeEars”

The numbering of these concerns crass-references to our responses in Section 13,2 that follow
our assossment of rsk and safety, and the presentation of the revised iniligatlon measures.

S1FIRE_TEAS0TFREIN_RET kb aekTal hazasd niligalon Fnal el Eliﬂt Sinﬂlﬂir
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7 Review of existing proposed mitigation measures

The MoE commissioned MWH to provide expert advice reqgarding rockfall mitigation measures
at the site.  MWH's latest repaort (dated Aug 20010 presents & rockfall bund solution, The
preliminary design is for a 4m high rockfall barrier slang the southwest and northwest
oundaries of the schoal site (oxcluding the arca of the former schoel halll. Refer to Figure 1,
below (extract fram BWH, 2014: Appendix A).

o T
- )
REDCUiTS sizhom

e (4

T

BELA VS S T AR

Rl

Figure 1 Location and praliminary design of bund (extract frarm MWH, 2014)

Thera is consensus with MoE and ils experts that the prefiminery MWH bund design is
conssrative and provides a suitably low risk environment for the school grounds and its
occUpan s, Safety with this design is related Lo proteclicn against a large rockfall event, bul
such an event would then require a dotailed reassessment of the cliff face — which would be of
uncertain duration to underlake, and requiring the schoal to be unocoupied whilst the review
was undertalzen,

Performance crileria to minimise disruption to education due to rocklall are nocessarily mare
stringent than those required for safely — in that measures to minimise disruplion need to
provide assurances in the long-term {over a duration whrre thore could e multiple large
rockfall events) without tho need for detailed reassessment of the oliff face cach tirme,

M appendixd to e Mok Barch 2015 Educatinn Report botpedshapipoeducationoovlnadread: mora-2/racent-
ANNSUACCTIENLE

ALEARE_ROSNTFR005_RFT_nkb_reckiz!| bazars mitigation, firal
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Pisruption mitigation and safety would be the primary objeclives for rocklall mitigation
reasures ta address yet from reading MWH's repart they only address safety.

8 Disruption to education

"Uninterupted educalion” cannol be provided in any part of New Zesland, largely dus tooour
exposure to muiliple nalural hazards including earthquakes, floods and storms. In recognition
of this MoE", MCDEM™ and CCC' disaster planning advice spacifically covers planning and
preparedness for multiple types of disruptive ovonts,

The MaE guidance identifies the following potential causes of disruption: fire, earthguake,
tsunami, floeding, volcanic eruption & ashfall, gas lealk, chemical spill, dealing with suspicious
letter ar package, bemb threats, trespasser on the school grounds and violent intruder,

Addittanally, the MaF's schoal design quidance™ has as a design prindple requirement "To
ensure that all cccupants are adequately protocted from injury in the event of a significant
natural hazard or man-made disaster event”, The reguirement |5 specifically in recegnition of
the potential for disruptive events that are o reality of iving in Mew Zealand,

CCC provides an education programma called 'Stan’s Got a Plan® to supplement tho delivery of
COEM education in the classraom. The CCC advice states:

Take your pick from the following 5 disasters, most likely to affect us here In Cantertury, to focus
your Stan'’s Got o Plan' experience:

o Farthquakes
o Floodig

v Pandemic

o TELRA

o Sforms

Setting an expoctation or a threshald regquiving "uninterrupted education” as a performance
threshold for Redelifls School s nat a realistic orachievable performance target.

It s incansistent with planning and preparcdness advice for schools recommended by contral
and local government agences. Also, it i inconsistent with the provisions of the NZ Building
Code (Clause BL Struclure™) and the MaE's schaol dasign guidanceﬁ, wihich cites the MZ3C a5 a
minimum standard.

¥ 0k yuidance Prepardng Tor and dialing with emeargencies and traumanc ingident:

Iilp fwesecducation g oyl nZfechonl/stude nl-su poortiemenengie !

B mcmend disasler guidance for schools: Bilpdawewedvildelen oo govt nedg ot ready /ot schioaly

M dissster prepateinees gidance forschools: bileeddesacocgovinedservicosiovil- defoncedbcing
prapHeddechionl pducition programmes’

Y ek Stictirdl and Geotachnical Guidelines Toe Schaol Design It fdweacoducationoovlrefschool A per ydstale
sehoilsfdesion standandsfstroclursl and geolochnical puidelinesd

" Building Cods Clase B Structurs: brHpsddeeons building.orvtogfoomyplianee -dosum pnis i 31

Y 0ok Lesign szancards for schoal property; Lttpadfees 2ducation novt nrfschoolfpronertystate-schapls/desinn -

ATFHER_1R0EI12A008 W1 nlty neckizll hazard roitigaticns final
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The rackfall protection works may regquire a Building Consont as would the construction of
school huildings, and hence, both types of worl {rockfall protection woerks and schoal buildings)
must satisly provisians of the Building Act 2004,

lor schoal buildings the perfarmance requirements of Clause BI Structure™ are stated as a low
probokifity threshald for non-compliance for life-safety and amenily functions — not a
requirement to "guarantze” the uninterrupled function of a building, largely because this is nol
achievable, ar cost-effective; and at odds with & principle of rfisk management practice ta
mitigate risks to acceptahility low levels — as per the CCC programme for rosidential land
stabilivy risk management,

Ihe MaoE design standard can require complisnce “above and beyond the Ruilding Code
requirements” {ref, Section 1.3, page 6). The normal course to require a higher performance
slandard is to Increase the NEZSITV00 Impordance Level of the structure, such that it must
comply with the performance requirements at incroasod load demands due to wind, snow, and
earthqualke™

A principle of the proposed rockfall mitigation werks is that they function and comply with their
performance requirements (safety, rockfall storage and minimise disruption risk) under sejsmic
demand well in excess of the load actions that the school buildings would he designed o
(@szumaod to bo TI.SH}.

The indicative peak ground acceleration (PGA) for geotechnical design of buildings at the site is
LILS IL3 is 050, The rockfall mitigation works are designed to function and comply with their
safety and starage requirements at earthguake demand in excess of L0g, and for multiple
carthguake events of this severity (refer to Appendix B).

With regard to the roddall mitigation warks instead of expecling "uninterrunted aducation” we
suggest the achievable slternative requirement, which is to undertake robust risk management
te reduce risks to accoptable lovels,  This is what we have undertaken, This appraach is
cansistent wilth the Building Act's performance requirements and alsa consistznt with the new
Health and Safety at Work Regulatians™ approach to risk managoment.

The report provides a commentary an the definition of acceptable risk level. The commentary is
based on GNS's comprehensive risk asscssment work™ that informed local and eentral
dovernment agencies {CCC & CERA, respectively) in their decision making regarding residential
land stability risk in the Port Hills, which is of ditect relevance to Redeliffs Schacl albeit requiring
interpretation relevant to o schoal site, which we presenl below.

sbanderdsd

e feneinl e cislatinn noveneds o peb o 2004072 atest DL 306056 Hom|
M Clause B3 lite-safety) and [1.3.2 (arieniby)

" Rat Section 3; MESL1TO0 Stuctural Design Actions

A Lzl levels for seismic designiof school bulidings are provided i Sechion 23 of the MoF fzsion standards.
Imaartznce Level 3 (713} is the highest design standard apglicable o schoal bulldings.
httpedfwneducasinn govt orfschonlfpoperiaiate-sohaglsidesion- slandasd sl urzl-znd-ceotechnical-auideines!

“ Health ard Saﬁ:ty at Wu:urk fizcneral Kisk and Warkplace Managemsnl) Reogulatons 2018
atto i f tksaiedhawadeoislatizndewa regulations

ATFIER 1090123005 _SPT_nkl_sockiall bazard mitigasion fine]
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g Risk assessment

8.1  Introduction

The topics of risk and safety are inextricably linked and both have been raised as topics of
cancern by the b oE* und its expert advisors, We infer that the cxperis’ comments are likely to
have influenced the MoE's perception of the engineering risk associated with the proposed
reclkfall mitigation works, soowe have specifically addressed these commenls.

The rationale Tor a definition of salety is presented below, & pre-requisite of the discussian is
familiarity and competency in the comprehensive risk assessment reporis undertaken by GHS,
and other relevant industry documents used and referred 1o by the englneering community in
aur rautine practice,

9.2 Safety for a school site

9.2.1 Rationale

Mecessarily, the definition of safety stans with reference to reporting on salety and risk
assacizted with occupancy of residential praperties in land stability risk areas on the Porl Hills,
It is recagnised thal the CCC's Rocktsll Protection Structure design guidance and the GMS
repoits were specilically lailored for residentizl risk assessment, but they can be appropriately
used to derive significant and valuable information relevant 1o the Redcliffs Schael site,

The derivation of a suitable definition of safaty is as follows:

1. *Council requiregs that any Roddfall Protection Structure (RPS) demonstrably reduces the
Annual [ndividual Fatality Risk (AIFR) at the dwelling or structure to be protected to below the
adapted tolerable risk limit of 10 announced by the Minister far CER on 29 June 2012." This
statement is a key design consideration slated in the CCC's Rockfall Protection Structure Design
guidelines, 2013 page 5, section 3.2 It is consistent with the recommendations of GNS report
2011/31%; page 35,

2, GNS (Report 2011/31% page 36) recommends that for a school site tho acceptable AIFR,
should be 100x lower than lor residential land use, This is on the basis of a school having a
higher numhber of accupants than a house, a greater societal sensitivity 1o a school than a house,
and thus a mere stringent relative threshold of tolerable risk is warranted.  As 10 has been
adoptod by Incal and contral government agoncies (CCC and CERA, respectivelyy as Lheir
decision threshold lor residential properties an the Part Hills, we suggost that 107 §s g suitable
slarting point as to where 1o set an eguivalent thireshold for Redcliffs Schaol,

3, Fram GMNS Report 2004/78 (Fin, 38, pago 99) the outer limit of the modeflad 107 AIFR
contour (fe. modelled as less than 10 ™ is essentially at the sxisting schoo) boundany (cxeluding
the arca with the existing school hall),  The AIFR less than 207 line is alsa the modelied fly-rock
limit lire (Fahrboesehung snole, o= 319 Ge, the outer limit ta which small rock fragments sre
expoctad o fravel,

¥ Mol Cducation Roport executive stivinany pard. 9 Moy 2015,
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b GMA (Reporl 20012/57, page 98) condudes the rsk heyond the 317 fly rack angle is less than
AIFR 107 i.e. any land beyand the F = 31° line has an AIFR at least 100x less than that adopted
for residential zoning purposes, and at a threshold consistent with the GMS recommendation for
larnd wsed far school purpnses. Alsa, the Part Hills Geotechnical Group (PHGG) states [in GHS
Report 20012/57; Appendix E page 1100 "GNS hove indicofed thot the 317 Fohrboeschung (F)
Angle represents the maximusn obsenved run owl disturice far flprock associated with debels Below
a collansed cliff. This represents the "negligible rockfall risk line”

6. Inits appraisal of risk assessment sengitivity lo uncerlainties GMES (201478 Section 6.3.4,
page 113) states with regard o debreis on out "0t Is not pessible to quantlfy the risk In these
distal wregs o5 there Iy no precedent o which fo base them, indicating thal aithougl houlders
cottld fun out to Fahrbaeschung ongles of 30°% the likelihood of therr doing so s relatively fow (as
deimanstrated by the past rin ot of debtis of the sitz)”. GMS is reforing to uncertainties in the
empirical and madealled debris run-out frock roll) distances al the extremitios (distal extent) of a
deohris avalanchi,

9.2.2 Definition

O the basis that land beyand the F = 331" line has an AIFR at least 100 less than that adopted
far tesidential zoning purposes, and at a threshold consistent with the GNS recommendation for
land used for schaol purposes we define land beyond the F = 31° line a5 heing safe for school
wse jnthe context of rockfall hazard management.

In Section 10 we present our rovised mitigation meesures and their stringent performance
requireinents, that define a revised aperational school baundary even further beyand the F =
31" line,

9.3  Tolerable risk for a schoal site

The commentary presented above |s based on the assumption of their being an acceptahly low
risk oof fatality, which is based on tho sk profile adopted for a residential buflding.

Using the GMS risk criteria far residential thresholds we deline land beyund the F = 31° contour
{BIFR less #han 10°% as sofe for school purposes without the need for a physical barrier (und)
i.c. the soparation distance from the hazard (rockfall source) is the primary means of minimising
riak, However, there are 8 number of important considorations we have faken accaunt of in aur
risk assessment of the school land, s follows:

o There Is uncertainly i Lhe debis run-out modelling, although at the extremities of Lhe
cbserved debris avalanches reported by GMS there is strong evidenca that the risk of debris
axceeding the F = 31" line is very low (it can occur, but the risk s very low);

s Although there is sound sdience and & rich database of okservations to ely on, non-
techinical people may net he able to graso the scence and accept the low lovel of risk
without the prosence of some form of physical protection measures. Alsa, the lay-porson
may not be able 1o rolato to tho rolative risks they are exposed ta on a dally basis that can
exceed Lhe risk Lo their well-being presented by rockfall at the Redcliffs site ithis comment is
in racagnition of tha topics of "perceived risk" and "societal riclk");

L1308 160001 23005_RPT_nsh_rockfall hrard mifpation_fire|
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s Tnoour opinjon the measure ol an scceplable risk of fatality is not appropriate for a schoot
selling. We would expect 8 school to be able o demansirate protection to-a level that
leaves negligible daubt as to the risk of fatality due o rockfall whilst present on the school
site.

For these reasons, we recommend that although the school boundary could be retreated into
the schoal land {see comments below) to provide a negligible exposure to life safety risk, it s
prudent and warranked to construct a physical barder to provide a heightened sense of
prolection and safety within the school’s grounds.

With the revised mitigation measures in place there i negligible (virtually nil) risk of harm due
to rockfall at the Redelifls School site. ALsuch a low level of risk we adopt this level as tolerable
lor the schoal,

94  Societal risle

The question of societal risk has been raised and was touched upon by GNS i their Porl Hills
risk rrviow (GNS Report 20011/31%; Section 3.1.2),  The UK's Health and Safety Executive
dofines societal Ask as,

The relaticnship between frequency and the number of people sustaining a specified level of
harm in a given population due to Lhe realisation of specified hazards. This factor can help 1o
rofloct socictal concerns thal arise (ed. when multiple fatalities or injurigs occur) in planning
advice,

With the revised mitigation messures in place there js negligible (virtually nil) risk of harm even
to an individual due to rockfall within the revised operational school boundary, Consequantly,
the "societal risk” of returning to the Reddliffs site is alsa negligible virtually nil).

OHED (200Y9) Societal Risk: Initial bricfing too Sogelal Risk Technical Advisory Group
httpsd A hsogovulfrosearch/rrpd [ 703 pdl
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10  Revised mitigation measures

101 Owverview

We have undertaken & thorough review of the MWH preliminary design and present a new
design that hasz higher perlormance requiremants, and achisves those requirements via
minimisation and, in some instances, alimination of elements of risk that form the basis of the
Mok concarns.

Figures presenting the revised operativnal schaol boundary, the bund location and the service
road location are prosented in Appendix &,

The assessmenl of the localion of the revised operational school boundary is prosented in
Appendix B, The revised houndary is based on the highly conservatively established F=267
fahrbaeschung angle line.  There is ample rock debris catch capacity, no need for monitoring or
risk reassessment of the oiff would be required and no requiremant to enter g party land
should reck need to be rermoved (which is highly unlikely),

The assessmeant of the bund design is presented in Appendix C. The bund is a 2m high gabion
Basket wall that is ne higher than a typical wood paling boundary fonce, At the distant location
af the bund from the cliff face there is no need for a flyrock fence,

10.2  Performance criteria

Cur assessment of a revised operational school boundary 1o i) maintain safety to a high level,
and (i) minimise disreption to as low as practically possible, is based on GMS's slope slability
madelling and runout modelling (GiNE 2014/7E; Sections 4.1 8 4.2, respectivaly).

To achieve the aims to minimise disruption, mainlain safety and minimise uncertainly we set the
fallowing nerformance olyjociives:;

o Risk of fatality within the schocl greunds shall be nil

= Establish & revised operational schoel houndary at a conservatively lncated set-back
o MNorack shall cross the revised boundary

n Minimise risk of reck impacting or damaging the bund

o Minimise risk of reck requiring clearance from behind the bund (in the catch area)

¢ Minimise maintenance and monitaring requircments

o Provide conservatively established ample starage capacity such that in the event ol
multiplo large volume rockfall ovents, the rock is well contained in the catch area, and
there be no nesd for detailed reassessment of the slapa stahility,

o Aynid the neod for g party land accoss

Az noled previcusly, perfarmance criteria to minimize disruption to education due to rockfall are
necessarily more stringent than those required for safety — in that measures to minimise
disruption need to provide assurances in the leng-term fover a duration where there could be

A12368 16000123005 1T nkh rockkall hazard ritgaton Fnal
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multiple large rockfall events) without the need for detailed reassessment af the oiff face cach
time.

We nate thal whereas “safety” can be defined in termis of the AIFR melric thete is no
perfarmance criteria in terms of 2 “disruption tolerance®.  In the absence of performance criteria
or a tolerance threshold far disruption, we have considered whether it is passible to eliminate or
reduce the risk of disraption to regligible in the long-term (over a duration where there could
be multiple large rockfall eventsh. This invelves a bund design thal avoids the need for detailed
reassessiment of the cliff face each time there is & rockfall,

The revised racklall mitigation measures will reduce the rockfall risk 1o the pupils and staff ta
negligible levels, and will al the same lime provide the added benefic of reducing the sk of
disruption to learning to negligible levels {as far as is practicable with engineering works), The
proposed werks address the inherent uncertainty in the GRS risk assessment and stability
madelling, and recognise the need for elevated protection and safoty assurance for @ school
sile,

10.3 Revised operational school boundary

The proposed works comprise two forms of prolection, the components of which zre as follows
iin order of priority):

1 Horizontal separation distance lrom rocklall souree Lo a revised school baundary referred
ta as the operational school boundary. The legal boundaries do not change. 1L is the
operational area that is changed being defined by revised aperational school baundaries.

The revised schoel boundary is approw, 100m frarm e cliff face (at its nearest painth, which
provides the primary hazard mitigation — physical separation frem the rockfall source xone.

The figures in Appendix & shi ihe prLJp[JsE{i burnd lacation. The revised opcrationul area
of the schaol is approx 14,4007 with the balance land measuring approx. 8.500m (refer
to Shest 2.

2 A 2Zm high enginesred bund provides a physical barrder to prevent rineut crossing the
revised operational baundary, in the highly unlilely event racks travel beyond the limits of
expected and observed runout,

The biund i a low-tech barrisr with high resilience to multiple impacts: Ts it unfikoly the
bund would be impacted in reckfall events of similar magnitudes to those superiencad in
the Canterbury Earthquakes; so the risk of damage warranting repair is accardingly low. In
addition, the bund lecstion allws for storagn of 8 large volumae of rock debris; the area
betwern the bund and the oliff is more than cepable of holding worse-caso rockfall cvents
with negligible risk of disruption to the school.

A12365 1090123005 3FT nkh_rockiall hozard mitigation final E tS"‘ 1 ()
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104 Maintenance

With regards to on-geing maintenance the bund is a low-tech structure requiring negligible
maintenance,

It is proposed to use gablon baskets (e.q. Geofabrics® or similar approved) to build the bund,
The gabion baskets are a rectangular wire mesh box made from double twisted hexagonal mesh
ol steel wire, additionally reinforced by selvedges of heavier wire,  Gabions are available with
different levels of coating pratection for durability in a wide range of environments and climatic
conditions, Gabions are manufactured fram Galmae (Zn-5%AL1 M allay) coated wire that offers
around three limes greater protection than wine coated wire gabions, Where gabion baskels
come in contact with mare aggressive envireninents, then an additinnal palymer proleclive
coating is applisd over the Galmae coating to maximise the level of protection.

The hund's location at (or heyend) the F=26° contour (refer te Appendix A) means that il s
iighly unlikely to be impacted or damaged should rockfall occur during its design life.  In the
unlileely event that damage occurred this is likely to be localised indentation of the bund,
Repairs would be straighi-forward,

Additionally, rock removal behind the bund is unlikely to be required, but sccess is provided
shauld the need arise,  These considerations have beon taken into account in the design and
loeation of the bund to specifically limit the requirerment for maintenance.  Concerns regarding
on-going maintenance are effectivaly eradicated due to bund's location and its low-tech farm of
construction ard materials,

By bsnene nenfabrics.cconedproductsfdouble-ted st-reshigabion - nasketss
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10.5 Compliance monitoring

With regards to monitoring the bund may need a Building Consent and as such would require

compliance monitoring cansistent with the CCC's requirements tor other similar pratection

¥
structuros™,

foallowes (exbract from Appendix 5 of the CCC's guidance):

An indication of the form of compliance monitaring that might be eguired s as

| ETRUCTLRE Maintenance Inapection  Trigrery Event Efipineering Inspection
Lond Annual check, rock lspection regquired | w0 yearly check with cerd
clearance and cettificate — | post trigger event-by | signed by Engineer' unless
by Engineer! Engineer' othenwise specified by the
Resigner
Fence Annual clieck, rocl: Inspection reguirad & yedrly chiecl with cert
clearance and cettificate - | post triggey event - by | signed by Engineer unless
by Engineer Euginser' ttheiwlse specified by the
Iesigner
Source Rock Auanual checls, rock Inspeclion reguled & yearly checlo with cenl
Fixing (e.g. cable, | clearance and cerfificate — | post trigger event -hby | signed by Engineer' unless
bolt, mesh) by Engineey® Engineer' othenwise specified by the
Iresluner
Spurce Hock one | As advised fy Inspeclion reguied o yearly checl: with cert
Geoprofessional or if post trigger event - by | signed by Engineer' unless
rickfall has been vheerved | Engineer! othenwise specified ty the
in the immedibte avea Itesisner
Males:

t Engigier must he aqualified nppeosed Geopenfessional (with reepired specifod insarances). A list ol Appesasd
Gropralessionids 3s availlable on the Council's vah page af vavwecesovhnafbusiness fonstrctiondevelepment/
approvedeentre lors.asps

2, Besponsibility for nll compliance checls, submission of docomentation and the costs associzied with (heso, esls
wiih e owner of the RPS,

3. Triggeroventswill hedefnedincosjonetionwith GRS, Triggorevents willinchude non-seismic factors oo, rminfall, fre

There are several approved Geoprofessicnals who can underiake the compliance monitoring,
which would be cansistent with the monitoring required for other recently constructed similar
struciures in Chrlstchureh,  The details of the monitering would be developed at 1the lime of
Building Consent and be tailored for the site and the final design and layout of the mitigation
Measures.

o Tachnizal Guideling for Bockfall Protoction Structures: RiLpfevawcos gsvbnzdassets DoaumentsiConserts-and
Lis encesfeonstruction-reguimmentsd apprsved-centrastersdechauid sline ok iatiprotectiop st uctupss-rnar20L 2 ot
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It is important to recognise that the bund is located at a deliheratoly far distant location from
the rocktall source (at or beyond the F=26" contour) with many benelits eelating to rocktall
hasard mitigation and disrupticn miligation compared to the MWH design (ses Seclion 7),

The highly conserative design and layout is such that oven for large volume rackfall events the
material will be amply contained and the requirerment lo underiake detailed, lime-consuming,
costly rock source monitoring is not warranted.

The menitoring plan would be developed in conjunction with the CCC and specifical ly tailored
for the school site and the rockfall source, taking into account the highly consenvative design
and bund layout.

Our recommended monitoring plan is presented below (Table 1), This maintenance and
maonitoring plan would be approoriate for the mitigation works whether a Building Consent is
needed ar not - as part of the schoal’s sdministrative management systems,

[Keyw Denefits of the monitaring plan include;

s Ilrecognises that the mitigation measures are so cansenative that (in lay terms} "it daes not
matter” If there i= a large roddall, or a series of large rockfalls.  The risk of disruption to
education due to rockiall is negligible, and safety is not compromized.

s The Board holds the authority to allow occupation of the schoal as it doss for other
potentially disruptive events for which there are Mok, CCC and MCDEM recommendations
and requirements for emergency management, The risk presented by the rockfall hazard
has hoon reduced to such a low lovel [neqgligibls} that other potontial hazards {netably the
background Canterblry earthquake hazard that governs building design) is & higher rsl o
be managed.

w [t minimises the cast burden on the Board to as low as practically pessikle as it is highly
unlikely that the Engineer would need to be called out, and it is highly unlikely rack debris
wouldd need Lo be removed from the catch area behind the bund.

ATFTRRTADEILFA00E HF I eab nechkfal hazard mitigation final
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Table 1: Recommended monitaring plan with the revised mitigation measures in place

Mainienance . Engineerin
Structura iRy Triggeyer ovent : E ; 9
inspection o inspection
10 yearly check with
cerlilicate signed by
Mo earthgquale ar Engineer
rainfall trigger event ar
oriteria reguired, At any time rock
Efficacy of the defiris is obsarved to
mitigation measures have reachead e
is not dependent on bund, Requires
Annual check by the condition of the | cerfificate signed by
caretaker ar o :
R SOUCE ZONE, Engincer, (Rock
Eind altnarizad school B
clebris is likely not
Mardgement : : required to be
represeniative  Engineenng i ’
inspaction requircd if remaoved).
there is fire damage oI
to bund wire mesh | Fire damage ta bund
e, due to scrub fire | i mesh, Requires
incatch area {tighly cerlificate signed by |
unlikely}. Engineer ta caver
sultable low-tech
repairs.
Annual chedlk by
Fence caretaker or
{School perimeter autharized school Mot applicable. Mot applicable,
lanee) manhagement
representative,
Mat applicable, !
Sourece rock Tixing Thers is no rock Mot applicable. Mot applicanle.
source fixing.
Mot applicable, |
Etficacy of the
Saurce rock zane fmtlgatllun g Mot applicable, Mot applicable.,
is not dependent on
the condition of the
suUrce Lane,

Motes:

The fence {if required) would e on the school side of the bund and is there to prevent pupils
climbing of the bund. The fence is not part of the mitigation warls — it is part of normal schoel

perimeter security foncing,
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11 Peer review

i 5 = . " i Y
We held meetings with the MoE's experts to discuss their review comments®™ and alse to
present our revised mitigation measures for thelr comment. We were also interested to
understand the scope of cach expert’s roview of relevant technical reports, including:

o Experts' meeting minutos {May 20105)
= MIWH (20140 repo:

s AECOM (2015 reporl— this repait is Appendix A Lo the Board's June 2015 subimisslan,

LLL  Br Stephen Woods, MWH

We met with Mr. Woods on 23" March 2016 to discuss the MWH preliminary design, discuss his
camments to Meal (Appendix 5 ta the Mok Maw 2015 Education Report) and present the revised
mitination works,

M. Woods commentad that the revised design pronably added little increase in effective safety
requirements as the MWH preliminary design was alroady conscrvative,

We discussed that the revised design goes Beyond the requirements to address safely, and thatl
the performance criteria to minimize disruption we maore stringent, br. Woeoods concurred and
wir then discussed that with such a high degree of conservatism in the revised design that it was
not warranted to manitor the ofiff face.,

On review of Mr. Woods' camments to WMoF we are satisfied that we have suitably addressed
those via our risk assassmeont and revised mitigation works, Motably -

1  The issue of approving continued use of the school site fallowing a large rockfall has been
reselved. The proposed maintenance and moenitoring plan presented in the report sets aut
the simplificd process, and identifies the Board as the party responsible.  Monizaring can
now be done as a simple exercise without placing undue expectations anthe Board,

There are dentified events where an Engineer's opinian shauld bo scught, but these are
unlikely events and the sk of disruption due to rackfall s negligible,

2 The requirement to assess the cliff hazard and risk follewing a large rockfall has been
eradicated, and so has ony concern regarding requlatory requirements fo dooan assessment
and the timeframe for such worlk, '

11.2  Dr Ian Wright, CCC

We Initially met with Dr. Wright on 19™ February 2016 to discuss his expert advice to MoE
(Appendix & to the Mol Mow 2015 Education Report), and we alse conversed via subsequent
armails.

D Wright has confinmed:

 The sxpects' commenlanles are svallable al bttpdshapivgeduc ationgovbeeitead moe-2/rcent-announcere nts ; 75
Mo 2005, O Jan Kupes CERA (Append 3 e Slephen Weods, WWH (Appendie 53 G o Weight COC (dapendix 6],
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= Following the Board's June 2015 submission MaE sought his “fallow up comment on that
expert advice”,

= He has ooly provided comments on the Board's Juno 2015 commentary,
®  He has not reviewed the MWH or AECOM repaorts.
¢ He acknowledged the experts’ mesting minutes are a fair reflection of the mecting.

o CCC stalf have not been invalved in the second (March 20168) submission and norwill CCC
be providing any comment to the kMinistry of Education,

We note that the Board's June 2015 commentary is a lay-parson's commentary, which
we would not regard as “expert advice”.

We sought D Wright's comment on the revised miligation warls but he dedined stating CCC
staff had ceased commenting on the Redcliffs School topic,

Cnoreview of Dr. Wright's comments 10 MoE we are safisfied that we have suftably addressed
thasa via aur risk assessment and revised mitigation works, Molably -

1 CQur report is the grimary source of Llechnical content for the Board's March 2016
submission to MoE. The Board has undettaken to refer directly to our repart in their
submission without further interpretation. Any comment an lechnical matters should he
directed to us

2 We have addressed the topic of "safely” and provide a defivition sppropriate for the site in
terms= of rockiall hazard management al & school sile, Thie definition is based on GNS's
residential risk assessment wark, but spedfically acknowledges the school usage of the land
le.a more sensitive wse than far residential land, The revised cperational boundary s far
remmaved fram the hazard source such that the risk of harm from rockfall is negligible
whether the land has residential ar school use,  Based on our isk assessment we cansider
the site is safe and suitable for schoal use. As 1o wha aceepts the residual risk (ie. the
remaining risk ence the mitigaiion measures are in place), it Is naw a non-gaverning
quesiion as the sk s negligible. With the mitigation in place it is far more likely school
bulldings in Canterbury would be damaged by earthquake shaking, than Redelifls Schonl
would be disrupled by rockiall, The roclfall risk at the Redeliffs Schoaol site has been
mitigated and suppressed,

(L]

We have specilically scknowlecged and catered for unceainty in our assessment and
design of mitigaticn measures. There is a high degree of conscrvatism in aur design and
w have specifically addressed the sensitivities GNS identifies in ils reporting,

4 We have addreszed lhe lopic of "guaranlee” reqarding damage to the bund — the risk of
debris impact is negligible, therefore the risk of bund darmage is loss 5o, We have avoided
discussions an what could be “passible” and rather concentrated an the likelihpod and
consequencas (e, the risk) of certain events, and have addressed these events and risks,

b We have addressaed the topic of “sacietal risk”.  \With the mitigalion measures in place thoro
is negligible societal risk due to rockfall at the schoal sits,

a5l Eliot Sinclair
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6 The “post emergency decision” to occupy the site resides with the Board of Trusices,
However, the likelihood that such a decision relates to rackfall is negligible,

The proposed maintenance and monitoring plan presented in the report sets out the
simplified process, and identifies the Board as the party responsible.  Menitoring can now
be done as a simple erercise without placing undue expectations an the Board.

There are identilied evenls where an Enginear's apinion should be saught, but these s
unlikely events and the risk of disruption due to rackfall s negliginle,

The revised layout of the site means that there is no need to seek 3™ party land entry
permission.

& Regarding the time teken 1o date ©o reach a resalution, we nota the following:

it has taken a number of years for the combined lacal and central government agencies
to establish investigetion programmes and report on complex earthquake=relatad land
clability issues seross the Port Hills — an unprecedented feat in Mew Zealand.  The fruit
of the that warl is we have a far desper and breader understanding of the technical,
legal and policy issues associated with land stability risk and future accupancy of land
for residential, commercial and other land uses.

— We are ih 2 far belter position now to be undertaking assessments and making
decisians regarding the long-lenm risk profile of the Redcliffs Schaool site than we were
prior to the detallad GMS reparting (August 2014). Tnstead of secing the time taken as
a harbinger of potential future delays, the time should be laken as an assurance that we
are all wiser and are much better infarmed,

The Mek's experts” comments have provided a broad ranging review and highlighted
issuns that we have accommodated in the revised mitigation worls that are a simple,
resilient solution totho many cancerns raised, and that provide long-term assurances of
rodkfall salely and miligation ef disruption o cnable a confident decision to return to
site.

9 The *huge amount of issues" Lhal Dr. \Wrights alludes ta are effectively eradicated by the
revised mitigation works,  We believe that the "long process, possibly pratracted with legal
issuas” has bean averisd,

1.3 Dr Jan Kupec, CERA

We initially mot with Or, Kupec 1% March 2016 to discuss his expert advice Lo MoE (Bnpendix 4
lo the MoE Nav 2015 Education Report), We latterly met an 30" March 2016 to discuss the
revised mitigation works.

Dr. Kupec is in general agresment with the experts’ meeting minutes. His cammentary to the
bal isa review of the Board's June 2015 lay-person's commentary.

On review of Dr, Kuped's comments to MoE we are satisfied that we have suitabily addrossad
those via our risk assessment and revised mitigation works, D Kupec has several similar
concerns o Dr Wright's so we have nol reilerated those,  Additional concerns and aue
camments are as fallows:
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Our revised assessment accepts that rockfall can occur at any time so we are nol concerned
with likelihood of a certain earthquake severity or likelihood of & certain rockfall event. The
high degreo of conservatism in the revised mitigation waorks is such that the works are nat
sensitive to defining these events.

2 The designis such that we are not cancernad with changes to the condition of the cliff over
time, The revised eperational boundane set at or beyond the F=26° contour line pravides
ample starage capacily and a negligible risk of sock debris impact or bund damane,
Canditions can and will charige in the il feee and the rovised worls cater far this.

3 Given the negligible risk environment afforded by the revised design we are able to provide
a professianal cpinion on assurance of safety as defined in the report.  Our professianal
indermnity insurance covers this nature af advice.

4 Dedsion-making during a rockfall response inspection has been greatly simplified as per
aur recommanded maintenance and monitoring programme. The autharity to re-occupy
the site following an emergency resides with the Board — but such an emergency is highly
unlikely to be related to rockfall hazard,

5 Thevisual impact of the revised bund is minor as it is now only 2m high and would have an
appedrance comparahlo to a normal school perimeter fence.

& Only one house remains for demolition on the oiff-top and this in not govering for
construction of the revised bund al its distant location fram the cliff, or return of the school
o the site

# Regarding Crown policy on area-wide mitigation works we noted fallowing: (i) the policy
does not relate to school land, and (i} the primary mitigatiocn measure is the separation
distance from the cliff, such that the bund has very little rale as'a liue “area-wide mitigation
measure” {Lhe school as located on or beyond the F=26° cantour hes an ATFR far less than
10 * ever without the bupd),

Regarding the revised mitigation works D, Kupeo rermarked that the rovised design was very
dillerent to MWH's (0. a different design approazh), was suitably conservative and fit-far-
purpose in torms of safety mitigation and disruption management.  He glso concurred that
manitoring af the oiff would not be warranted as it was highly unlilkely rock would reach the
bund even in a large rockfall svent,
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12 Addressing uncertainty

One of the key strengths af the GHS reparts is their recognition and appraisal of uncertaintios in
its knowledge and methads, which give insighis into the sensitivity of results oblained,  We
have been very cogrisant of these uncerlzinties in our assessment and heed GMS' advice, where
relevant, Specific comments an uncerlainty management and addressed below.

Cur review of sensitivity to uncortainties s made with reference to GNS 2004/78 Section 63
ipage L12), GME assess sensilivily 1o changes in debris volumes, area of cliff-top lost, debris
run-oul, and level of seismicily, They then censider potantially significant uncertainties and their
likely implications for sk in their Table 31, which we reproduce below with our comments an
the relevance to our assessmaent,

Cur comments regarding items in Tabio 31

4l We have adopled the upper-beund estimates of rockiall volumes, and catered for very large
volumes. Additionglly, aur recommended sct-back distance is based on & consenvatively
established F=28" contaur,

B Our assessment is not sensitive to which seismic model is usad. We have catered for long-
term muitiple rockfalls.  Additionally, our recommended set-hack distance is based on a
conservatively established F=26" contour.

o) Our assessment i3 nol sensitive to this issue. We have adopted the upper-bound estimates
of rockfall volumes, The two crders of magnitude referred to relate te relative paosition of
the AIFR risk contours_inside the F=31% contour limit line {refer to GRS 2014/78, Figuro 38,
page 99-102), Beyond the F=31° cantour Lhe residential AIFR is <10° and outside of the
dataset .o, no rack passed beyund F=31° so risk is negligible for any site use. Additicnally,
the upper-bound modelling (25,000m% of the large Local Source 1 does not pass the F=33°
line {refer to GMS 2014/78, Appendix 7).

dl Wo havo adapted the upper-bound estimates of rockfall volumes, so are not concerned will
ratos of non-seizmic events. Additionally, our recommended set back distance is based on a
very conservalively established F=26% contour.

g | his relates to cliff-top recession sk, which we are not cancerned with.

fi We have adopted the upper-hound estimastes of rocklall volumes, and catersd lor very large
valumes,  Additionally, our recommended set-back distance is based on a conservalively
pstablished F=26° contour,

gl Qur pssessment is not sensitive to this issue, We are not aliempling Lo assess risk wilhin the
by of the polenlial rockfall zane or assess relative risk contaurs, hut instead have used a
very conservative method to establish the outer limits of possible bouldar roll (not bounce),
and then protecting that cuter limit with a bund,

[17 Our asseszment is not sensitive to this Issua. See comments for (gl above, In addition to
establishing a highly conservative revised school boundary logation at the F=26" contour we
recommand the addition of a hund, the design princple being having established & suitably
conservative sot-hack distance we do not accept any risk of rock wolling across the school
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houndary is negligible, The risk of Tatality is nil,

With these measures in place the risk al rock roll beyand the revised school

Tabla 31 Unzedlsines and thei implications far Hsk.
Iesue Diraction ond acale of uncartalnty Imptleations for rick
o, Underpredicfion afannual | Iecrsssing, polantially considerable — but Frisk dua fo earhquakes

fraquency Far & givamn psak
ground eccaleraflon by the
Ccomponiie sammic hezad
modal.

paemerphological evidanca in the Porl Hils

ewpgesls inzie is B sangible gzp thet can bo
placad on e upaard uncetdamly. which iz abont

6 orday of magniluda.

could ba syelamatioslly
under- or cvar-oelimated.

Lengar darm sk is

by othar (nom-seismic)

Byenls.

frequenay, bul constrained hy the
geamarpholegy sugpesting such extrame events
(that demingle the riek) ara st lhe mediurm and
Iow freguency end. Howaver, cument rsquency
of debriz production is RFgher dus o the
dislurhed nsture of the rack masses. || may ke

meny years far the friaquency o diop baek b pre-

earihquake rales.

b. Choice ol whelher o ues MModerale uncertalnty between the use of the
gverage earhguaka anovel | yeer 2016 and S0-year overaga annual poianfially 5 fimes lawer in
Iraquencies for next 50- frequancias. Refer lo Masszey et al. {2012a) far the distal runowl zone.
vazre, of kighet detgils. The magnllude of uneerainty depends
fraguencies (yaar 2096) on he Tacation of the dwelfing within fhe ek

zonee: The distal ends are mors unceriain than
lia zonss closer fo the toe of the slops,

o. Volume of debriz produced | Langsst uncarainly in eilher direction, especially | There ara buo onders of
inEach peek ground beduezen the lower (scenario Chand vppar magnilude uncariaindy
eccalerabion band, upper, [zeaapio A) debiris valume eshmaies. (fzclar of 100) between tha
miZdle end lower dabris rig® ealrnates fram the
yotuma estimeles loweer and upper debris

VEUMmes
. Wolume of d2bfiz produced | Large uncanaindy ailkar way in the snnual Faclor of 2 to & uncedainty

in the upward direclion
between cutrent ralas of
rockia!l end the assumed
longer lerm kictonzal raies.

siruck by debris.

make large differance — wil atwaye ba fairly largs
piven the valumes of debris invalved or height of
fall.

a. Ralic belween Ea voluma Moaderate uncerteinly elther way. However, ratios | Facior of about 1,2
leaving thefacs and &rea maEy incroase as the rock mass bocome mar unaaetalny in the wpbvard
of elH top receseng. disturbed a5 the earthquakes conlinus, direction. bul lower in the

downward diregtion.

f.  Volume of debriz sravelling | Quite well constrained snd could ba considerabis | Factor of about 1.4
downeiopes and the oumber | but Enked to the tols] volume of matedal leaving uncertsingy in tha vpward
of beulders per m™ of e slopo. diraction. bul lawerin the
dehris, | downward dira<tion.

p. Doeupancy (progorton of Assumpltion of 100% occapency ingtzad of GP% Would incieasa by a faclor
{ima peopla are a1 homs) vould modesty increase the eslimated risk, pfabout 1.4. -

h. Prabahility person Kifled if | Uncerainky poientiaily redociols bul enlikaly 1o A change in lhe

vulnerabiity Trom 7O o
1005 would incresse the
fizk by a fzcler of about
1.5
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13 Addressing the MoE's concerns

13,1 Overview

With the preliminary MWH rockfall mitication design their considerations did not incude the
time taken ta reassess the risk profile following & large rockfall. The key banefits of the revised
bund lacetion and design are:

1. The location is based onoa rational assessment of rockfall hazard o provide a margin of
redundancy in run-out distance and storage capacity to celer for large rockfall events and
lang-term catchment requirements.

20 Additionally, the location provides a high degree of surety (as close to "certainty” as is able
to be staied in practical engineering terms) that even in the event of a major rockfali event
{rug. GNS% Local source 1 al its upper-bound volume of 25000m") that rock will be highly
unfikely reach the bund, and that a series of similar rocklalls will be amply contained well
inside the catch area.

3. Compared to the BMWH preliminany design the revised locatian significantly reduces the cost
burden an the Board of Trustees with regards 1o minimal provision ol en-gaing maniloring,
maintenance and clearancefromaoval of rocks in the calch area. Mainlenance  and
clearance/rernoval of rocks would likely b oan esception rather than an on-going /
scheduled requirement.

A The MWH design alrezdy provides a high degree of satety bul was nol regquired to address
concerns regarding the potential for disruption to cducation in the long-term. The rovised
bund design addresses the uncerainty regarding disruption to education as well has giving
& heightened perception of safaty,

The risk assessment specifically provides commentary on acceptable risk (Section %), The

revised  rockfall mitigation design specifically addresses the MoF's concerns regarding

uncerlainly and disruption management principally by relocating the bund further away fram
the clilf Lo provide:

1. Significantly increased separation distance betwesn the bund and ciff such that even & very
large rockfall {or series of largs rackialls) would he very unlikely reach the bund. The bund is
to be locetnd at the distal margin of rockfall runout modelled Trem an extreme rockfall
event,

2. Acshertor hund due to geametry of the site and the separation distances from Lhe cliff,

4. Large redundanay in the stordge capacity such thal there is ample storage in the long-lerm
thus limiting the expectation that rock would need Lo be removed from the catch area.
4, Wide accoss behind the bund within school-owned land shauld the need arise Lo mave or

remove rocks Le, no relignce on 3rd party land access. It is very unlikely that rocks would
have to ho removed.

5, Incrossed run-oul distange thus reducing the risk of impact ar damage to the bund —to 2
lzvel af very low likelihood; therefore, maintenance requirements would ba minimal.
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6. Removing the need for a fiy-rock fence on top of the bund, although a fence will still be
required Lo restrict sceess to the catch area - but no different to a perimeter fence around

Lhe school
7. Alower bund (2m high) - signilicantly less cost to build than the current bund design,

B Mo requirement to provide delailed reassessment of the oliff stahility hazard following a
large event due o the ample storage capacily and separation distance from the cliff. A large
reckfall would be of little consequence ta the mitigation warks or the an-gaing safely of the
site in lay terms, "it does not matter” it a large rock fall ccours and that eanether one could
fallow. Should the bund require inspeclon {see Manitoring Plan) the risk of disruption to
education would be negligible. Maonitoring requirements would be agresd with the CCC as
part of the compliance menitering requirements of the Building Consent. We have
presented our recammendatians for monitering and they are minimal,

Mote, to cause a large rackfall cvent requires a significant earthiquake that would have city-wide
il not regivnal-scale repercussions snd dissuption (Le. disruption to education waould Fkely be
governed by off-site {ssues such a5 damaged homes and infrastructurel, However, the revised
mitigaticn works are such thal the school graunds remain protected from large valume
cumulative rackfall.

13.2 Education Minister's concerns

Having worked thraugh and presented our assessment we can now return to and address the
Education Minister's leey concems presented in the Nav 2005 Beehive press release (presented
in Section 6] The concerns and our responses gre presented below:

(1} The potential for future disruption o education due to rocklall hazard

A revised aperational schoal boundary with the inclusion of & 2m high bund s proposed. With
these mitigation measures in place the risk of disruption due Lo fockfall is negligible. Drawings
ot the revised mitigation measures are presented in Appendix A

{2} Ciraumstances that could give rise to potential disruption..cannat be rulod out,

With the proposed miligation measures in place the risk of clreumstances that could give rise Lo
disruption due to rockfall is negligible.  We have diligently assossed the risk of disruption {ie
considering likelihood and consequences).  Rather than considering whether something s
prssible, we havo considered whether it s probable, and provided a commentary an disruptian
miligation in the conlext of New Zealand's natural hazard exposure and Mok, CCC & MCDEM
guidance cn preparedness, and also & commentary on risk assessment,

We have presorited our revised mitigation measures to two of MoE's expert advisors (D, Kupec,
CERA and Mr Waoods, MWH) who concur that the proposed measures suitably address
mitigation af disruption due to roclkfall.

(3 Which agency of sgencies would be responsible for deciding on a return to the site following
a significant event?
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With the praposed mitigation measures in place the maintenance and menitaring requiremsants
are groatly simplified compared to those previously required under the prefiminary. MWH
design.

Following a significant (i.o. large valume) rackfall evant it is highly unlikely that rock debris will
haye reached the revised bund location, end thers is no need (o be monitoring the cliff face for
changes in its condition, nor is there a need to undertake detalled re-svaluation of the diff
hazard.

The "post emergency decision” to accupy the site resides with the Baard of Trustees, |However,
the tikelihcod that such a decision relates to rockfall is negligible.  The Board holds the
autherity to allew ococupation of the school as it does far athor patentially. disruptive events for
which thore are MoE, CCC and MCDEM recommendations and reguirements for emergency
management. The risk presented by the vockfall hazerd has been reduced Lo such a low level
{negligible) that other potential hazards (notably the background Canterbury earthquake hazard
that governs building design) is a relatively higher risk to be managed. The background
sarthquake hazard is managed through the provisions of the Building Act,

(4 The private awnership of the land behind the schoal

The revised layout of the site means that there s no need 1o seek 3@ party land ankry
petrmission.

{51 Ma agencyis currently menitaring the oliff face

With the proposed mitigation measures in place the maintenance and monitaring requirements
are greatly simplified and there is no need to be manitoring the cofiff face for changos in its
condition, nor is thers a need to underlake detailed re-evaluation of the cliff hazard.

{63 The likely timing of a roturn to tho Main Road sito re removal of the housos fram the ofiff-top

Only one house remains for demelition on the cliff-top and this ih not governing for
construction of the revised bund at its distant locatian frarm the cliff, ar return of the school to
the site.

(70 1L has already been five years since the school was anits site. It could be several more years,

It has taken a rumber of years for the combined local and central government agencies Lo
estabilish Investigation proegrammes and report on camplex earthquake-related land stability
izsues across the Port Hills — an unprocedented feat in Mew Zenland.  The fruit of the that worls
is we have a far deeper and broador understanding of the tochnical, legal and pelicy issues
associated with land stability risk and Tuture occupancy of land for residential, commercial and
ather land uses,

We arg in a far better position now o be andertaking assessments and making decisions
regarding Lhe long-lerm riske profile of the Redcliffe School site than we were prier lo Lthe
detailed GMS reporiing (August 2014).  Instead of seeing the time taken as a harbinger of
potential future delays, the time should betaken as an assuranee that wo are all wiser and are
much better infarmed,

The Mok's experts' comments have provided & braad rangineg review and highlightoed issues that
we have accommadated in the revised mitigation warks that are & simple, resiliont solutian o

"Eliot Sinclair
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the many concems raised, and thst previde long-lenm assurances of rockfall salely and
miligation of disruption to enable a canfident dedision to return to site,

14  Conclusions

The resised mitigation works are consistent with the Mo®'s desigr standard for schools that cite
Ihe amenity and lile-safety performance requirements contained within the Building Code as a
minimum standard.  Perfarmance requirements for school buildings are based on a low
probability of non-compliance of those requirements, and not requiring guarantecs or certainty,

There is no compramise an safety in the new design that goes substantiolly beyond the already
conservative and safe design of the proliminary MWH bund design,  Performance oriteria fo
minimise disruption to cducation in the long-term are necessarily mare stringent than those
requiired lor salely.  Inoits simplest terms, the substantially higher performance oriteria are
achieved via Lhe operational school boundary and bund having a greater set-hack from the cliff.

We have relied unon the bost risk assessment and slope stabiltty assessment reporting availanle,
adopted conservative parameters in our assessment, and verified critical aspects of the rockfall
hazard {lecaticn of F angle lines and undertaken rockfzll runout modelling).

GME's comprehensve risk aggessment and slability assessment reports specifically recagnisze and
explore the effect of uncerlzinties on their findings.  We have taken heed of their commentary
an these matiers.

Maintenance and moenitedng requirements are minimal. There is no requirsment o seek I
party land access permission. Cliff-Lep heuse demolition is no longer & relevant concern.

Wea boliove the revised mitigation works amply address the MoE's concerns regarding
uncertainty and disruption mitigation.  We have presented aur revised mitigation measures o
two of Maob's expert advisors (Dr. Kupec, CERA and Mr. Woods, MWH), wha concur that the
praposed measures suitably address mitigation of disruption dus to rockfall,

The patential far disruption to edusation duee 1o rockfall hazasd has been reduced to as law as
nractically possible (nealinible), and also leaves space within the balance of e school land for
the nove schoal Tayoul
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15 Recommendations

1 We recommend adaption of the revised mitigation waorks (revised aperational schoal
houndary on or beyond the F = 26° line and 2m high bund) as the basis for reconsidering
the rockizll hazard concerns that led to the docision te close Reddlills School - refer to
figures in Appendix A,

2 W believe the revised measures suitahly address the MeE's concerns regarding rockfall
hazard management, but they arc not a finel design,  There is flexibility in the design to
cater for medifications, for meample: () locally modilying the alignment of the bund where it
passes alonn the rear of e existing school buildings — the design is not sensitive to
reforation of the bund by a few metres or s, or (i) the bund cov'd be relocated ento the
F=28" cantaur, thus providing mere schoal lend, though potentially requiring a larger bund,
An economic assessment could yield beaefils of providing mere school land verses the cost
of a larger bund, The important point is that & simple, resilient salutian has been faund,
and that bund design can be refined and maodified during the defoiled design review 11 Lhe
WoFE or Board had any questions regarding its location (snd still meel the performance
criterial.

3 If this reporl is formally reviewed as part of the MoE's assessment process we recommend
that the reviewing partyfies observe the TPENZ Code of Ethics re Peer Review; notably that
thore s a  professional ohligation to “investivate the matlers concerned  before

- B TR 5 ; : . % i ;
cammenting * .. liaise with Eliot Sinclair during the review process.

bt fwwiponenz/home/professionzl- sizndard sfeade-of-elhics
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Appendix A Figures
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Details of cadastral {leqal} boundaries showing layout of lats within the school site (shaded
green), Marth at top, [Source: Quickbda)|
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Crientation image shoawing viewpoints for Figures Al to A5

Motes re Figure AL to Ak

Thi Fahrboeschung (often referred to as the "travel angle”) method Tor landslide runout studies
uges the slope of a straight line between the top of the source area (the crown) and the furthest
point of travel of rock debris.

Firr the purposes of GNS's analysis (GMS Report 2012/57) and Figures AL to A5, the starting
paint of the failire is assumed to be tho cliff top cdge (the source area crown),  The oranges
conlours projecled onto the ground are referred to as F ongle lines,

Frerm e assessment of the debris that fell from the three main diffs (Redcliffs, Shag Raock
Resorvo and Wakefield  Avenue/Richmand Hilll, during e 2010/11 Canterbury earthguakes, no
debris passed the 21* Fahrbosschung angle line (GNS Repart 20011/311),

Boulder roll debris did not pass the F=33° angle line. Fy reck debris did nat pass the F=31°
argle line.

The rationale for adoption of the F=26° line as the basis for the revised operational schoal
boundary is presented in Appendix B,
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