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Site Information and Risk Setting

Desktop Study of Auckland Council Geomaps indicates that site has:

1. Multiple mapped landslides within and proximate to site boundaries. For purposes of this assessment, all will be treated as "Recent” landslides (refer to Figure 1 below).

2. Variable susceptibility to shallow landslides. For purposes of this assessment, all will be treated as having "High" or "Very High" susceptibility (refer to Figure 2 below).

3. variable susceptibility to deep-seated landslides. For purposes of this assessment, all will be treated as having "High” or "Very High" susceptibility (refer to Figure 3 below).

4. Note that mapped landslide susceptibility includes highest landslide susceptibility class mapped within 150m of the site in any direction from which debris could reach the site.

5. Based on Geomaps overlays + Riley's experience at the site, we have selected 6 specific locations withiin the site considered to represent the areas of critical stability risk and have
undertaken a PC120 landslide hazard risk assessment for each. We have also undertaken 1site-wide assessment of potential landslide impacts on roads and utilities for the entire site.

6. The locations of the 6 specific assessments are annotated and numbered in light blue on Figures 1-3 below. The seventh site-wide assessment described above addresses the entire site.

7. Each of the 6 location-specific assessments are proximate to proposed residential lots. For the purposes of this assessment, these assessments assume development comprises an
Activity sensitive to natural hazards. The activity status of the seventh site-wide assessment is discussed on Page 20.

8. Using Table 1from Appendix 24, this indicates that each of the 6 location-specific assessments for the site will require both Methods 1and 2 (as seen on Table 1 below).
The method selection for the seventh site-wide assessment is discussed on Page 20.

9. Inidividual assessments for all scenarios have their own unique set of scenarios (highest likelihood, median, maximum credible landslides) and risk categories.
Refer to individual risk assessments for further information.

10. Many of the following assessments have adopted vulnerability values benchmarked on values recommended in the GHD Waitakere Coastal Communities Landslide Risk Assessment
prepared for Auckland Council, dated 10 January 2024. On recent recovery projects, Council has recommended adopting the vulnerability data outlined in Table E6.1 of this report.

11. Many following assessments comment on Riley's stability analysis already undertaken. Where comments are made regarding potential effects of "maximum credible” events,
Riley refers to the studies of Meyerhoff (1977), and Wu and Kraft (1970) which indicate a correlation between stability FoS and annual risk of slope failure in order to estimate

likely extent of landslide scenarios greater in magnitude than those needing to be analysed as part of normal quantitative stability analysis.

Figure 2: Shallow landslide susceptibility from Geomaps
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Figure I: Mapped Landslide Locations from Geomaps
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Figure 3: Deep-seated landslide susceptibility from Geomaps Figure 4: Appendix 24, Table 1 showing methods for assessments 1-6. Figure 5: Extract from GHD report showing Table E6.1
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Location Description

Location selected as considered critical risk of inundation by landslide within Stage 1 of development. Assumes landslide occurring upslope of residential lots within eastern part of development. Riley has previously

proposed that this cut be supported by a cantilever retaining wall (to be subject to detailed design).

Location on plan

Critical section through hazard showing proposed remedial measure:

ULS seismic event. Failure plane likely to be within residual soil layer.

Moderate-size landslide comprising significant evacuation of soils from eastern slope, inundating site below. Likely triggered by an extreme rainfall / transient groundwater event OR a

Small landslide / shallow frittering of a small volume of soil from face of eastern slope, inundating the site below, as a result of ‘normal” weather conditions over a 100 year period. Event

stilllikely triggered by a relatively heavy (but not extreme / unprecedented) rainfall event. Shallow failure plane entirely within surficial residual soils.

Large scale landslide comprising full evacuation of soils, possibly as deep as along soil / rock interface, resulting in large volume of soils inundating site below. Likely triggered by

exceptionally large rainfall or seismic event, well beyond what site has previously experienced.

PC120 LANDSLIDE RISK ASSESSMENT METHOD 1

Likelihood* (Table 3)

Likely

stability analysis indiccates that risk of extreme GW / rainfall event or
LS seismic (1500 year) event could reasonably trigger scenario.
(Given no obvious signs of instability in this area during 2023 events,

recommended at least 1500 year event would be required to trigger

Proposed retaining wall RWOI proposed through this area to
support eastern slope as part of subdivisional works. Stability
analysis indicates adequate Fos with mitigation in place,

considered reasonable to assume no injuries and little damage

. "Likely” category adopted.

ConsequenceA (Table 4 or 5)

Minor

Tana ot
toe of siope leading to limited damage to structure requiring fepair /
some stabillsation works. Considered that 1-10 injuries could be

possible, but higl ly

deaths. Minor

category adopted.

Likely

Risk Classification (Table 6)

Medium (Tolerable)

Likelihood* (Table 3)

Almost Certain

ysis indicates that risk of be almost

certain along eastern edge of site within 100 years without mitigation.

ConsequenceA (Table 4 or 5)

Insignificant

9 y more
than extremely minor debris strike / tle damage to structures given
likely smll volume / runout distance of event (insignificant). Highly

Proposed retaining vl RWOI proposed through this area to
support eastern slope as part of subdivisional works. Likehood
of shalow frittering oceurting (to a magnitude able to affect

Insignificant.

Likely

building platforms downslope) following construction of walls
extremely minimal, so Likely” category conservatively adopted
to simulate a slightly larger event. Consequence of a small

uniikely that this type of
or injures to people at the propery (Insignificant).

psiope of platiorm stillikely Insigificant
tisk (no ijuries / itle damage)

Risk Classification (Table 6)

Medium (Tolerable)

Intended to represent extraordinarily large magnitude rainfall, well

beyond anything site has pre

usly experienced. An absolute

Proposed retaining wall RWO! proposed through this area to
support eastern slope as part of subdivisional works. Stability

indicates that wall would effectively mitigate severity of

stal

isation works (Medium). Realistically 1-10 injuries could occur,
Ihowever it s uniikely that structures would collapse / people would be
buried ie, death unlikely (Minor). Medium category adopted.

Insignificant

Likelihood* (Table 3) Possible minimum 11,000 event is considered to be on the extremely N h o Possible
landsiide to  point where it may resuit in minor fittering from
conservative end of ikely returm period required to trigger top of siope (above wall) only. Likely critical resicual
scenario. consequence comprising debris striking downslope buildings.
This is unlikely to damage 3
Full soil evacuation likely to result in large scale movement of wider
Y 9 however considered plausible it could cause 110 injuries in
area. relatively
worst case (Minor).
significant inundation volume could reasonably cause moderate
Consequencen (Table 4 or 5) Medium damage to some of structure / significant part of site requiring Minor

Risk Classification (Table 6)

Medium (Tolerable)

Notes:

“Note on Likelihood: Where values / return periods denote rainfall / sea level etc, these include factoring for a SSP8.5 climate change scenario.

ANote on Consequence: taking the highest consequence category across all assessment categories (Human Safety, Lifeline Utilities, Critical Buildings, Community Buildings, Buildings accommodating sensitive activities)
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PC120 LANDSLIDE RISK ASSESSMENT METHOD 2

Extreme rainfall event (greater than that experienced during 2023
storms) likely needed to trigger even minor

Proposed retaining wall RWO! proposed through this area to

slope given
no obvious movement observed during 2023 event (iikely approx.

slope as part of works. Stability

analysis indicates adequate Fos with mitigation in place for this

fod*
P(H) Annual return period* (years) 500 1250 year event). Alternatively some movement could be triggered by |type of event, decreasing impact probability to nominal value, 500

ULS seismic event (MBIE defines as 1500 year event). Estimate of 1500 |Critical residual consequence considered extremely minor

year event adopted. worst, end of GHD.

On top of event trigger above, considered only moderately likely that v
P(S:H) Impact probability 05 potential consequence (small volume of soil inundating future. 01

dwelling below) could affect building platform downsiope.
P(T:s) Temporal occupancy 07 Council recommended ocoupancy rate for typical residential 07

Most likely consequence considered to be small volume of soil
V(D:T)Vulnerability 0.01 inundating building but no collapse and no people buried. Based on 0.001

|GHD vulnerability recommendations, value at lower end of range

dopted. High chance of survival.

P(LoL) Annual risk of loss of life 7.0E-06 14E-07
Subsequent Risk Classification Medium (Tolerable) Low (Acceptable)

Considered likely that @ heavy rainfall event (though one considered

‘normaf over the course of @ 100 year period, ie, a 150 year event)

Proposed retaining wall RWO! proposed through this area to
support eastern slope as part of subdivisional works. Likelihood

of shallow frttering occurring (to @ magnitude able to affect

P(H) Annual return period* (years)

1000

P(H) Annual return period* (years) 50 would be required to trigger even extremely minor movement of the. 100
slope given lack of obvious historical movement in pi building following of walls
likely tolerating higher return period events. extremely minimal, so a larger return period event likely required
to trigger even extremely minor frittering above wall. Nominal
B On top of event trigger above, considered only moderately likely that \winerabilty adopted as at lfs though considersd highly
P(S:H) Impact probability 05 potential consequence (debris striking the dwelling) could affect consevative for the mitigated scsnario 0.001
building platform downslope.
p(1:5) Termporal occupancy e Council recommended ocoupancy rate for typical residential a7
dweling
Most likely consequence considered to be very minor debris stiking o
" ly. Based
V(D:T)vulnerability 0.001 only. Based on 0.001
value at lower end of range adopted. Very high chance of survival
P(LoL) Annual risk of loss of life 7.0E-06 7.0€-09
Subsequent Risk Classification Medium (Tolerable) Low (Acceptable)

Truly exceptional rainfall event (significantly greater than that
xperienced during 2023 storms) or seismic event well beyond ULS
likely needed to trigger large scale siope. 11,000 year event

considered conservative to represent this scenario.

P(S:H) Impact probability

slope stability analysis indicates that even in a 11,000 year event, stil
quite unlikely that large scale movement would occur using
equivalent Fos of 17 to simulate 11,000 year retur period event in line
with Meyerhoff (1977 and Wu and Kraft (1970). Critical consequence.
likely resulting in building downslope being inundated by debris but

not collonsing

P(T:s) Temporal occupancy

Council recommended occupancy rate for typical residential

dwelling

V(D:T)Vulnerability

Critical consequence comprising building becoming inundated by
debris, but volume of debris considered unlikely to result in collapse +
no people are buried. Value in line with GHD recommended

vuinerability adopted.

Proposed etaing vell WO proposed tough tie crea 1
suppor eastam siepe as potofsubclisonal work, Foer
consequence of nuncition consdsrsd o anger e now 1000
consicerst o be potstil bl tike fom crest of siope

above retaining wall. GHD recommended vulnerabilty value

adopted accordingly.

P(LoL) Annual risk of loss of life

7.0E-06

Subsequent Risk Classification

Medium (Tolerable)

7.0-07

Low (Acceptable)

Scenario 1 Yes 14E-07
Scenario 2 Yes 7.0E-09
Scenario 3 Yes 7.0e-07

Sum of Combined Risk: 8.5E-07

Low (Acceptable)
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Location Description
Location selected as it is considered critical hazard relating to Northland Allochthon geology within site. Assumes landslide occurring downslope of residential lots within central part of Stage 1. Riley has previously

proposed that this cut be supported undercutting Northland Allochthon soils and replacing with engineered fill, all supported by Reinforced Earth Batter walls (to be subject to detailed design).

Location on plan: Critical section through hazard showing proposed remedial measure:

STAGE 1 CENTRAL
(NORTHLAND
ALLOCHTHON,
SECTION A)

Deep movement of Northland Allochthon soil over weak layer at soil/rock interface at toe of slope as a result of an extreme rainfall or ULS seismic event. Movement could

0.Im) but could potentially be widespread across slope.

reasonably reach potential building platforms upslope. Total magnitudes of movement likely relatively low

slow moving deep p-like ent of llochthon soil over weak layer at soil/rock interface at toe of slope as a result of ‘normal” weather conditions over a 100
year period. Movement unlikely reach potential building platforms upslope. Total magnitudes of movement likely low but could reasonably be accelerated by a heavy rainfall event to

point where movement becomes noticeable.
P o T Yent of Northland AIGCRTRGN Soil over WedK IayeT Gt Soll/TocK TNterface Gt (o8 of STope as G Tesult of TG TainTall OF SETSMIC GVerTE,

greater than previ i by site. likely to affect potential building platforms upslope. Again, magnitudes of movement likely relatively

modest but potentially greater than Scenarios 1 and 2 above (e.g., possibly in the order of ~0.5m).

PC120 LANDSLIDE RISK ASSESSMENT METHOD 1

—swbiliw ‘GnalysTs Idicates that fsk of extreme GW [ rainfall event | proposed excavation of all Northland Allochthon solls (including

(could reasonably trigger scenario. Given no obvious signs of weak layer at interface of soil  rock) replaced with engineered
o " in thi g 2023 events, least p
Likelihood* (Table 3) Likely fill across toe of slope, plus Reinforced Earth Batters constructed Likely
15500 year rainfall event (or a ULS seismic 1500 year event) would be | downsiope as part of subdivisional works. Stability analysis
required to trigger this scenario. Likely” category conservatively indicates adequate Fos with mitigation in place, teredt
adopted. reasonable to assume no injuries and little damage

s scenario could feasonably cause Taily Widespread movement
(insignificant).
but kely only resulting in small magnitudes of movement. This could
result in moderate damage to part of a future building platform
ConsequenceA (Table 4 or 5) Minor requiring large stabilisation works to remediate (Medium). Insignificant
Considered that 1-10 injuries could conservatively be possible, but
highly unlikely to cause any deaths (Minor). Medium consequence
category adopted.

Risk Classification (Table 6) Medium (Tolerable) _

Stabiity analysis indicates that risk of failure under normat” weather /| P1oPOSed @xcavation of allNorthland lochthon sofs (including

groundwater conditions could occur however it would be quite weak layer at interface of soil / rock) replaced with engineered

kel for this to actually reach far snough upsiope to affect any |11l G670S t08 of slope, plus Reinforced Earth Batters constructed

tikefihood" (Table 3) Likely future building platforms (even without mitigation). Likely” category | 491oPe 08 part of subdivisional works. Proposed works would Possible
adopted as this risk may not necessarily be realised within 100 years ~|*ffectively entirely mitigote sk to a point where the likelihood
o normat conditions. that "norma events could plausibly affect any building
Norminally adopted ‘Possible”
low, creep-like movement s extremely unlikely to pose human likelihood category, though acknowledged that inital risk was
safety risks, nor cause any specific significant damage to specific | already Low.
Consequencen (Table 4 or 5) Insignificant building platforms given minimal likelihood that this type of fai Insignificant

could reach a building platform in the first place. Insignificant

consequence category adopted

Proposed excavation of all Northland Allochthon soils (including

Intended to represent extraordinarily large magnitude rainfall | weck oyer at interfoce of sol  ock) replacod with engincorod

i hing site has previously experienced.

- . setsmic event, well beyond anything site has previously experienced. | ¢ g4 tog of slope, plus Reinforced Earth Batters constructed ;

Likelihood* (Table 3) Possible An absolute minimum 11,000 event is considered to be on the . Possible
downslope as part of subdivisional works. Slope stabllty

i f kel i i

extremely conservative end of ikely return period required to trigger analysis indicates that this would likely effectively reduce risk of

this scenario. Medium level damage, however that a small amount of

could be expected in case of an extremely larg

ealstically traveldistance of this type of landsido st relatively ow
v P v seismic event. Considered conserve

that this could lead to
to the point where it is considered unlikely to have a significant effect
P unfkely ‘9 some remedial stabilisation works being required (Minor).
' on human safety though several injuries could be considered worst ’
Consequencen (Table 4 or 5) Medium Minor
case (Minor). tven though resultant land movement without

mitigation would likely be modest, this could cause large stabilisation
works to be required. Medium category adopted.

Risk Classification (Table 6) Medium (Tolerable) _

Notes:

“Note on Likelihood: Where values / return periods denote rainfall / sea level etc, these include factoring for a SSP8.5 climate change scenario.

ANote on Consequence: taking the highest consequence category across all assessment categories (Human Safety, Lifeline Utilities, Critical Buildings, Community Buildings, Buildings accommodating sensitive activities)
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PC120 LANDSLIDE RISK ASSESSMENT METHOD 2

Extreme rainfall event (greater than that experienced during 2023

Proposed excavation of all Northland Allochthon soils (including

storms) likely needed to trigger even minor movement of slope given |weak layer at interface of soil / rock) replaced with engineered

no obvious movement observed during 2023 event (iikely approx.

fill across toe of slope, plus Reinforced Earth Batters constructed

Page 5
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Subsequent Risk Classification

Medium (Tolerable)

Scenario 1 Yes 1.4E-07
Scenario 2 Yes 7.0E-08
Scenario 3 Yes 7.0E-07
Sum of Combined Risk: 9.1E-07

Low (Acceptable)

P(H) Annual return period* (years) e 1250 year event). Alternatively some be triggered pe as part of works. Stability analysis 500
ULS seismic event (MBIE defines as 1500 year event). Estimate of 1500 |indicates adequate Fos with mitigation in place, considered
year event adopted. reasonable to assume only nominal impact probability and
reduction of vulnerability (to lower end of GHD
N On top of event trigger above, considered only moderately likely that | ange)
P(S:H) Impact probability 05 potential consequence (small volume of soil inundating future. 01
dwelling below) could affect building platforms upslope.
P(T:s) Temporal occupancy 07 Council recommended ocoupancy rate for typical residential 07
Most likely consequence considered to be some minor damage to
V(D:T)Vulnerability 0.005 residential dwelling but no collapse. Based on GHD vulnerability 0.001
recommendations, typical value adopted. Very high chance of
survival.
P(LoL) Annual risk of loss of life 3.56-06 14E-07
Subsequent Risk Classification Medium (Tolerable) Low (Acceptable)
Considered likely that a heavy rainfall event (though one considered |Proposed excavation of all Northland Allochthon soils (including
‘normal” over the course of a 100 year period, ie, a 150 year event)  [weak layer at interface of soil / rock) replaced with engineered
would be required to trigger even extremely minor movement of the ~ [fill across toe of slope, plus Reinforced Earth Batters constructed
slope given lack of obvious historical movement in pi pe as part of works. Proposed works would
P(H) Annual return period* (years) 100 likely tolerating higher return period events. Furthermore, stability effectively entirely mitigate risk to @ point where the likelihood 100
analysis indicates that even a heavy event would unlikely affect any | that ‘normal” events could plausibly affect any building
building platforms over a 100 year period, so return period of 100 platforms decreases significantly. Likelihood of event impacting
years considered a conservative estimate. building platforms effectively fully mitigated, and only nominal
vulnerability value adopted as at left.
ysis indicates likely that (slow,
P(S:H) Impact probability 01 creep-like ground movement of toe of slope) is unlikely to affect 0.01
building platforms, even without mitigation.
p(1:5) Termporal occupancy e Council recommended ocoupancy rate for typical residential a7
dweling
Most likely consequence considered to be extremely minor damage
V(OT)Vuinerability 0,001 to dwelings, not resuting in any collapse. Nominal value adopted, 0.001
based on lower end of GHD recommended range. Survival aimost
certain
P(LoL) Annual risk of loss of life 7.0E-07 7.0£-08
Subsequent Risk Classification Low (Acceptable) Low (Acceptable)
Truly exceptional rainfall event (significantly greater than that Proposed excavation of all Northiand Allochthon solls (including
experienced during 2023 storms) or seismic event well beyond ULS | weak layer at nterface of soll / rock) replaced with engineered
P(H) Annual return period* (years) 1000 licely needed to trigger large scale siope. 11000 year event il across toe of siope, plus Reinforced Earth Batters constructed 1000
considered to represent thi pe as part works. Slope stability
analysis indicates that this would of
slope stabilty analysis indicates that even in a 11000 year event til | 4 aqe occurring, however that a small amount of structural
quite unlikely that large scale movement would oceur using | damage could still be expected. Vulnerability in line with GHD
equivalent Fos of 17 to simulate 11000 year retum period eventin e | o ., v onded value now adopted.
with Meyerhoff (1977 and Wu and Kraft (1970). Critical consequence
P(SH) Impact probability 1 likely resulting in buildings nsarlo? of slope‘movmg as a whole with 02
ground below, i.e, effectively certain that buildings would be affected.
p(1:5) Temporal occupancy 07 Council recommended occupancy rate for typical residential 07
dweling
Critical consequence comprising building sliding along with ground
below, however given that travel distance likely minimal, some
V(D:T)Vuinerability 001 damage to structures expected but no collapse expected. Adopted 0005
Value at high end of GHD recommended range to simulate more
severe damage than Scenarios 1 or 2.
P(LoL) Annual risk of loss of life 7.0€-06 7.0E-07

Low (Acceptable)
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Location selected due to several residential lots proposed close to relatively steep slopes both above and below. Landslides could occur either upslope or downslope of residential lots within southern part of

development. Riley previously proposed that upslope cut (near boundary) be supported by a cantilever retaining wall and downslope fill be supported by Reinforced Earth Batter.

Location on plan:

Critical section through hazard showing proposed remedial measure:

1000 km2

10.00 kum2

Moderate-size landslide comprising significant evacuation of soils from proposed north-eastern fill slope downslope of building platforms. Likely triggered by an extreme rainfall /

transient groundwater event OR a ULS seismic event. Failure plane likely to be within residual soil layer.

small landslide / shallow frittering of soils upslope (south-west) of building platforms as a result of ‘normal” weather conditions over a 100 year period. Event stilllikely triggered by a

relatively heavy (but not extreme / unprecedented) rainfall event. Shallow failure plane likely within proposed filled soils due to steepness of proposed slope.

Large scale landslide comprising full evacuation of sails from both upslope and downslope (likely two separate landslides as opposed to one large one). Failure plane still likely within

residual and/or filled soils. Likely triggered by exceptionally large rainfall or seismic event, well beyond what site has previously experienced.

PC120 LANDSLIDE RISK ASSESSMENT METHOD 1

Stability analysis indicates that risk of extreme GW / rainfall event or

ULS seismic event could reasonably trigger this scenario. Considered

Proposed Reinforced Earth Batter REBOX2B proposed downsiope.

of building platforms to support north-eastern slope as part of

Stabilty quate Fos

Likely

possible, but highly unlikely to cause any deaths (Minor). Minor
y adopted.

Likelihood* (Table 3) Likely )
reasonable that it would require at least at 500 year event to trigger
istype oflandlide. ‘Liely category conssrvatively adopted. with mitigation in place, considered reasonabie to assume no
Woderate sized landsiide Tkely to result i Toss of land downsiope of -
building platforms, potentially requiring some repair / some.

Consequencen (Table 4 or 5) Minor stabilisation works (Minor). Considered that 1-10 injuries could be

Risk Classification (Table 6)

Medium (Tolerable)

Stability analysis indicates that there is plausible but unlikely risk of

Proposed retaining wall RWI2 proposed upslope of building

g occurring (to

Insignificant

Likely

Likelihood* (Table 3) Likely g upsiope site within 100 [ platforms to support south-westem slope as part of
years without mitigation. vi Likelihood of shalk
9 Y MO | 4 magnitude able to affect building platforms downslope)
than debris strike / litle damage to structures given likely small tollowing construction of walls exremely minimal,so the
Consequence (Table 4 or 5) - Volume | runout distance of event Uniikely that this ) sl evocuation upsiope of

type of realistically it
plausible that 1-10 people injured represents conservative estimate
(Minor)

platform likely comprises Insigificant risk (no injuries / little:

damage).

Risk Classification (Table 6)

Medium (Tolerable)

Likelihood* (Table 3)

Possible

Intended to represent extraordinarly large mognitude rainfoll, well
beyond anything site has previously experienced. An absolute
minimum 11,000 event is considered to be on the extremely
conservative end of likely return period required to trigger this

scenario,

A5 above, proposed cantiever retaining wall upslope and
Reinforced Ecrth Batter downsiope proposed as part of
subdivisional works. Stabilty indicates that walls would
effectively mitigate severity of landside to a point where risk of
oversip effectively fully mitigated (insignificant) though

onservatively allowing for some Minor damage / few injries

Insignificant

Possible

ConsequenceA (Table 4 or 5)

Medium

Full soil evacuation likely to result in large scale underslip below

building platforms but still from

above, Critical consequence likely corresponds to few injuries (Minor)

and]or some o
works (Medium). Medium category adopted.

Risk Classification (Table 6)

Medium (Tolerable)

Notes:

*Note on Likelihood: Where values / return periods denote rainfall / sea level etc, these include factoring for a SSP8.5 climate change scenario.

Minor

ANote on Consequence: taking the highest consequence category across all assessment categories (Human Safety, Lifeline Utilities, Critical Buildings, Community Buildings, Buildings accommodating sensitive activities)
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Extreme rainfall event (greater than that experienced during 2023
storms) likely needed to trigger even minor movement of slope.

Proposed Reinforced Earth Batter REBOX28 proposed downslope
of building platforms to support north-eaistern slope as part of

P(H) Annual return period* (years)

2000

Truly exceptional rainfall event (significantly greater than that

experienced during 2023 storms) or seismic event well beyond ULS
/

P(H) Annual return period* (years) 500 Alternatively some movement could be triggered by ULS seismic subdivisional works. Stability andlysis indicates adequate Fos 500
event (MBIE defines as 1500 year event). Estimate of 1500 year event |with mitigation in place for this type of event, further decreasing
(MBIE defi 1500 ). 11500 h miti in place for thi f further decreasi
adonted. impact probabilty. Critical residual considered to
B On top of event trigger above, slope stabllity results indicate It is e minor damage to upsiope building but no collapse, with
P(S:H) Impact probability 02 unilkely that potential consequence (underslip downsiope of BUIAING | oo manded GHD value adopted. 01
platforms) would be capable of reaching building platforms.
Council recommended occupancy rate for typical residential
P(T:s) Temporal occupancy 07 07
dwelling.
Most ikely consequence from undersiip below building platforms
considered to be structural damage to building but no collapse.
V(DT)vulnerability 0.005 Based on GHD vulnerability recommendations based on Karekare 0.005
and Piha landsiides, recommended value adopted. High chance of
urvival
P(LoL) Annual risk of loss of life 1.4€-06 7.0€-07
Subsequent Risk Classification Medium (Tolerable) Low (Acceptuble)
Considered likely that a very heavy rainfall event (though one Proposed retaining wall RWI2 proposed upsiope of buiding
P(H) Annual return period® (years) 100 techincaly considered 'norma” over the course of a 100 year period) |platforms to support south-western siope as part of 100
would be required to trigger even of the Likelihood of g occuring (to
platforms. a magnitude able to affect building platforms downsiope)
On top of event trigger above, considered only modestly likely that  t55xing construction of walls extremely minimal, nominal
P(S:H) Impact probability 01 Ppotential consequence (debris strike from debris frittering ffom s10Pe |16 adopted. Vuinerabilty aiso reduced to lower end of 0.01
aibove) could reasonably affect building platform downslope. recommended range due to oversip risk effectively being fully
p(7:5) Temporal occupancy 07 Council recommended occupancy rate for typical residential mitigated. 07
dwelling.
Most ikely consequence involves debis striking the dwelling resu
V(D:T)Vulnerability 001 in minor damage. Very high chance of survival. Based on GHD 0.001
based on piha
landsiid lue adopted
P(LoL) Annual risk of loss of life 7.0E-06 7.0£-08
Subsequent Risk Classification Medium (Tolerable) Low (Acceptable)

As above, proposed cantilever retaining wall upsiope and

Reinforced Earth Batter downslope proposed as part of

likely needed to trigger large pe instability upslop
downslope of building platforms. 12,000 year event considered

conservative to represent this scenario.

Potential impact probability further reduced
(from the REB downslope) and potential consequence likely
being less severe damage to the structure, thersfore

reduced to GHD value.

P(S:H) Impact probability

slope stability analysis indicates that even in a 12,000 year event, stil
quite unlikely that large scale movement would occur using
equivalent Fos of 18 to simulate greater than 11000 year return

period event in line with Meyerhoff (1977 and Wu and Kraft (1970),

critical y from larg P

building platforms, thoug! modestly
likely that this could reach far enough upslope to cause significant

damage.

P(T:s) Temporal occupancy

Council recommended occupancy rate for typical residential

dwelling

V(D:T)Vulnerability

Most likely consequence from underslip below building platforms
considered to be structural damage to building but no collapse.
Value at high end of GHD recommended values adopted to simulate

more severe consequence than Scenario | above.

2000

0.005

P(LoL) Annual risk of loss of life

5.36-06

Subsequent Risk Classification

Medium (Tolerable)

Scenario 1 Yes 7.0e-07
Scenario 2 Yes 7.0E-08
Scenario 3 Yes 1.8e-07

Sum of Combined Risk: 9.5E-07

Low (Acceptable)

1.8-07

Low (Acceptable)
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Location selected due to several residential lots proposed just above steep fill batter falling away into gully, with potential risks of underslips affecting development. Riley previously proposed that fill batter be supported

by a Reinforced Earth Batter underlain by both counterfort drains and a shear key.

Location on plan:

Relatively large landslide comprising significant evacuation of soils across fill batter (assuming no mitigation) downslope of proposed building platforms. Likely triggered by an extreme

rainfall / transient groundwater event.

Critical section through hazard showing proposed remedial measure:

"2 10,00 kN/m2

10.00 Kuim2

10,00 kNIm2

12,00 kNIm2

(but not extreme / unprecedented) rainfall event. Shallow failure plane likely within proposed fill batter (assuming no mitigation) due to steepness of proposed slope.

‘small landslide / shallow frittering of soils downslope of building platforms as a result of ‘normal” weather conditions over a 100 year period. Event stilllikely triggered by a relatively heavy

Very large scale landslide comprising full evacuation of large amount of soil (;

large rainfall or seismic event, well beyond what site has previously experienced.

both fill and

ing residual soils,

no mitigation). Likely triggered by exceptionally

PC120 LANDSLIDE RISK ASSESSMENT METHOD 1

ysis indicates that risk of | rair

event (or ULS seismic event though this likely does not represent the

Proposed REB underlain by @ shear key and counterfort drains.

proposed as part of subdivisional works. Stability analysis.

Notes:

“Note on Likelihood: Where values / return periods denote rainfall / sea level etc, these include factoring for a SSP8.5 climate change scenario.

Likelihood* (Table 3) Likely critical event) could reasonably trigger this scenario. Considered | M€icates adequate Fos with mitigation in piace, considered Likely
reasonable that it would require at least at 1500 year event to trigger juries and
this type of landslide. ‘ikely” category conservatively adopted. (insignificant)
Relatively large landsTde Tkely (o resull I 1055 of 1and downsiope of
building platiorms, potentially requiring some repair | some
ConsequenceA (Table 4 or 5) Minor stabilisation works (Minor). Considered that 1-10 injuries could be Insignificant
possible, but highly unikely to cause any deaths (Minor). Medium
adopted.
Risk Classification (Table 6) Medium (Tolerable) Low (Acceptable)
Stability analysis indicates that there is a risk of shallow failure within | P4 Py ashearkey and
. . the fll batter within 100 years without mitigation. This woud ikely | P"OP5ed % Part of subdivisional works. Likelihaod of shallow ;
Likelihood* (Table 3) Pliest Eeielin 000 o bo tiggered by a hoavy ranfallevent though ono witna |77 96cUring (12 magritude abl to affect buiing Likely
clativly roquont roturn period platforms upsiope) following construstion of mitigation
measures extremely minimal, o the residual likelihood now
Due to modest magnitude of shallow frittering landslide, this likely  |intended to represent an event with a less frequent return period
Consequencen (Table 4 or 5) Insignificant would not capable of causing injury and little damage would be | (more n ine with “Likely” range) and residual consequence Insignificant
expected to buildings. Insignificant category adopted. posing Insigificant risk (no injuries / little damage).
Risk Classification (Table 6) Medium (Tolerable) Low (Acceptable)
Proposed REB underlain by @ shear key and counterfort drains
ntended to represent extraordinarly large magnitude rainfall well |00 5 part of subdivisional works. Stabilty indicates that
beyond anything site hos previously experienced. An absolute walls would effectively mitigate severity of landslide to a point
Likelihood* (Table 3) Possible minimum 11,000 event is considered to be on the extremely ) N . Possible
conservative end of likely returm period required to trigger allowing for some Minor damage / few injuries for undersiip
scenarte. damage in case severity of event is larger than expected
Ful soil evacuation likely to result in large scale undersiip below
building platforms potentially undermining future building piatforms.
Consequencen (Table 4 or 5) Medium Critical consequence likely corresponds to few injuries (Minor) andfor Minor
some 9 il works
(Medium). Medium category adopted.
Risk Classification (Table 6) Medium (Tolerable) Low (Acceptable)

ANote on Consequence: taking the highest consequence category across all assessment categories (Human Safety, Lifeline Utilities, Critical Buildings, Community Buildings, Buildings accommodating sensitive activities)
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PC120 LANDSLIDE RISK ASSESSMENT METHOD 2
Extreme rainfall event (greater than that experienced during 2023 Proposed in by @ shear key and

storms) likely needed to trigger even minor movement of slope.

proposed as part of subdivisional works. Stability analysis

P(H) Annual return period* (years) 500 Alternatively some movement could be triggered by ULS seismic indicates adequate Fos with mitigation in place for this type of 500
event (MBIE defines as 1500 year event). Estimate of 1500 year event |event, reducing critical residual consequence to lower end of
adonted GHD range (even if retaining relatively
on top of event tigger above,citcal consequence (damage o | oncor cive impact probabilty).

o building but not great enough to cause collapse) would be capable.

P(S:H) Impact probability 01 9 M M P P 01
of affecting building platforms even without mitigation.
Council recommended occupancy rate for typical residential

P(T:S) Temporal occupancy 07 ) 07
aweling
Most likely consequence from undersiip downslope of nearby buiding
platform considered to be structural damage to building but not

V(D:T)Vulnerability 0.05 great enough to cause collapse. Based on GHD vulnerability 0.001
recommendations, value at upper end of range adopted. High
chance of survival,

P(LoL) Annual risk of loss of life 7.0E-06 14E-07

Subsequent Risk Classification Medium (Tolerable) Low (Acceptable)

Considered likely that a very heavy Proposed by a shear key and counterfort drains
P(H) Annual return period* (years) 50 ‘normal” over @100 year period) [proposed as part of subdivisional works. Stability analysis 50
would be required to trigger even extremely minor movement of the  [indicates adequate Fos with mitigation in place for this type of
slope above buildina platforms. event, indicating that impact probability effectively fully
On top of event trigger above, critical consequence (damage to mitigated (nominal value adopted) reducing critical residual
P(S:H) Impact probability o1 buiding but not great enough to cause collapse) would be capable | onsequence to lower end of GHD recommended range (even i 001
of affecting building platforms even without mitigation. retaining relatively conservative impact probabllity).
Council recommended ocoupancy rate for typical residential
P(T:S) Temporal occupancy 07 pancy Rl 07
dweling
Most likely consequence involves Undermining the leading edge of
" llapse. Vi
)Vulnerability 0.005 9 causing no collapse. Very 0.001
sunvival. Based on GHD vulnerability recommendations, typical value
adopted
P(LoL) Annual risk of loss of life 7.0E-06 1.4€-07
Subsequent Risk Classification Medium (Tolerable) Low (Acceptable)

Truly exceptional rainfall event (significantly greater than that

experienced during 2023 storms) or seismic event well beyond ULS

Proposed REB underlain by @ shear key and counterfort drains.

proposed as part of subdivisional works. Stability analysis.

P(H) Annual return period* (years) 1000 likely needed to trigger large scale slope instability upsiope and/or  |indicates that even if this type of event were to happen, with 1000
downsiope of building platforms. 11,000 year event considered mitigation in place, damage wouid likely be relatively minor.
conservative to represent this scenario, Subsequent decreases to impact probabilty and critical
O top of event trigger obove, it @ toGHD alues considered
P(S:H) Impact probability ol building but not great enough pse) would be capable 0.05
of affecting building platforms even without mitigation.
P(:5) Temporal occupancy 07 Council recommended occupancy rate for typical residential 07
dwelling,
Most likely consequence from underslip below building platforms
considered to be structural damage to building but no collapse (ie.
V(DT)Vulnerability 0.05 likely magnitude probably similar to Scenario | above). Based on GHD 0.005
vulnerability recommendations, value at upper end of range
adopted. High chance of survival.
P(LoL) Annual risk of loss of life 3.56-06 1.86-07
Subsequent Risk Classification Medium (Tolerable) Low (Acceptable)

Scenario 1 Yes 14E-07
Scenario 2 Yes 1.4e-07
Scenario 3 Yes 1.8e-07

Sum of Combined Risk: 4.6E-07

Low (Acceptable)
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Location Description

Location selected as considered critical risk of inundation by landslide within Stage 2 of development. Assumes landslide occurring upslope of residential lots within western part of development. Riley has previously
proposed that this cut be supported by an array of soil nails into the proposed slope (to be subject to detailed design).

Location on plan Critical section through hazard showing proposed remedial measure:

Asdiaigdadiiigdads

Moderate-size landslide comprising minor evacuation of soils from western slope, inundating site below. Likely triggered by an extreme rainfall / transient groundwater event OR a ULS
seismic event. Failure plane likely to be deep within residual soil layer.

Small landslide / shallow frittering of a small volume of soil from face of western slope, inundating the site below, as a result of ‘'normal” weather conditions over a 100 year period. Event
stilllikely triggered by a relatively heavy (but not extreme / unprecedented) rainfall event. Shallow failure plane entirely within surficial residual soils.
Large scale landsiide comprising full evacuation of soils, possibly as deep as along soil / rock interface, resulting in moderate volume of soils inundating site below. Likely triggered by

exceptionally large rainfall or seismic event, well beyond what site has previously experienced.

PC120 LANDSLIDE RISK ASSESSMENT METHOD 1

i i . Proposed f soil nail ed tof siope t
stability analysis indiccates that risk of extreme GW / rainfall event or |*OPos¢ array of sailnals proposed across crest of slope to

y t western sl it of subal I works. Stabil
s seismic (1500 year) event could reasonably trigger scenario It is | VPO Western siope as part of subdivisional works. Stabllty

Likelihood* (Table 3) Likely recommended at least 1500 year event would be required to trigger | "Ye1S ndicates adequate Fos with mitigation n place, Likely
. o 0 | considered reasonable to assume no injuries and ltle damage
| moderate size landslide given known ground conditions. “Likely’

category conservatively adopted. (nsignificant)

Tand ot
toe of slope leading to limited damage to structure requiring repai |
ConsequenceA (Table 4 or 5) Minor some stabilisation works. Considered that 1-10 injuries could be Insignificant

possible, but higl ly deaths. Minor
category adopted.

Risk Classification (Table 6) Medium (Tolerable) _

Proposed array of sol nils proposed ccross crest of siope o
PP part of Likelihood Likely
of shalow frittering oceurting (to a magnitude able to affect

o " il indicates that risk of be almost
Likelihood* (Table 3) Almost Certain ’
certain along western edge of site within 100 years without mitige

o y more |building platiorms downslope) fallowing implimentation of
thon extremely minor debris strike / mitigation idered iy as this
ConsequenceA (Table 4 or 5) Insignificant likely small volume / runout distance of event (insignificant). Highly |scenario likely effectively fully mitigated (ie. would take Insignificant
uniikely that this type of longer than 100 years of normal weather to ocour).
or injuries to people at the property a upslope of platform stil
L

Risk Classification (Table 6) Medium (Tolerable) _

Proposed array of soil nails proposed across crest of slope to
intended to represent extraordinarly arge mognitude rainfall well (o part of subiv Tty

beyond anything site has pre

usly experienced. An absolute

o § indicates that measures would effectively mitigate severity of
Likelihood* (Table 3) Possible minimum 11,000 event is considered to be on the extremely

landsiide to a point where localised nail pullout could ocour but Possible
conservative end of likely return period reqired to trigger uniikely to involve any inundation of lots downslope, Likely
scenario. ol roci B} N
critical residual consequence comprises Insignificant isk (no
injuries / little damage).
Full soil evacuation likely to result in large scale movement of wider
area. Realistically could cause some inundation of lots downslope
possibly causing moderate damage to some of structure / significant
Consequencen (Table 4 or 5) Medium part of site requiring stabilisation works (Medium). Redlistically 1-10. Insignificant

injuries could oceur, however itis uniikely that structures would
collapse / people would be buried i.e, death unlikely (Minor). Medium
category adopted.

Risk Classification (Table 6) Medium (Tolerable) _

Notes:

“Note on Likelihood: Where values / return periods denote rainfall / sea level etc, these include factoring for a SSP8.5 climate change scenario.

ANote on Consequence: taking the highest consequence category across all assessment categories (Human Safety, Lifeline Utilities, Critical Buildings, Community Buildings, Buildings accommodating sensitive activities)
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Extreme rainfall event likely needed to trigger even minor movement

of slope. Alternatively some movement could be triggered by ULS

Proposed array of soil nails proposed across crest of slope to
support western slope as part of subdivisional works. Stabiity

P(H) Annual return period* (years)

1000

Truly exceptional rainfall event (significantly greater than that
experienced during 2023 storms) or seismic event well beyond ULS
likely needed to trigger large scale slope. 11,000 year event

considered conservative to represent this scenario.

P(H) Annual return period* (years) 500 500
seismic event. Estimate of 500 year event adopted. analysis indicates adequatte Fos with mitigation in place for this
type of event, decreasing impact probabilty and critical
(On top of event trigger above, considered reasonably likely that consequence to nominal values only (and specificall for
P(S:H) Impact probability 05 potential consequence (small volume of soil inundating future Jower nd of GHD P ol
dwelling below) could affect building platform downsiope.
P(T:S) Temporal occupancy 07 Council recommended occupancy rate for typical residential 07
Most likely consequence considered to be small volume of soil
V(D:T)Vulnerability 001 inundating building but no collapse and no people buried. Based on 0001
GHD vulnerability recommendations, typical value adopted. High
chance of survival
P(LoL) Annual risk of loss of life 7.0€-06 1.4E-07
Subsequent Risk Classification Medium (Tolerable) Low (Acceptuble)
Considered ikely that a heavy rainfall event (though one considered | Proposed array of soil nails proposed across crest of slope to
"normaf over the course of a 100 year period, ie, a 150 year event) | support western slope as part of subdivisional works. Likelihood
P(H) Annual return period* (years) 50 would be required to trigger even extremely minor movement of the | of shallow fittering occurring (to @ magnitude able to affect 100
slope given lack of obvious historical movement in building platforms downsiope) following of sol
likely tolerating higher return period events. nails extremely minimal, so a larger return period event likely
required to trigger even extremely minor fritering above wall
on top of event tigger above, considered only moderately TKely At |\ 1 incrcriity adopted as a e, though consicered
P(S:H) Impact probability 05 potential consequence (debris striking a dwelling) could affect ighty conservativs for the miigoted scanari 0.001
building platforms downsiope.
p(7:5) Temporal occupancy 07 Council recommended occupancy rate for typical residential 07
dwelling.
Most ikely consequence considered to be very minor debris striking a
V(D:T)Vulnerability 0001 future dwelling only. Based on GHD vulnerability recommendations, 0.001
value at lower end of range adopted. Very high chance of survival.
P(LoL) Annual risk of loss of life 7.0E-06 7.06-09
Subsequent Risk Classification Medium (Tolerable) Low (Acceptable)

Proposed array of soil nails proposed across crest of slope to
support western slope as part of subdivisional works. Former
consequence of inundation considered no longer considered

possible; critical consequence now considered to be potential

from crest of slope above retaining wall. GHD

P(S:H) Impact probability

Siope stability analysis indicates that even n 11,000 year event, st
quite unlikely that large scale movement would oceur using
equivalent Fos of 17 to simulate 11000 year retur period event in ine
with Meyerhoff (177 and Wu and Kraft (1970). Critical consequence.
likely resulting in building downslope being inundated by debris but

1000

P(T:S) Temporal occupancy

Council recommended occupancy rate for typical residential
dwelling,

V(D:T)Vulnerability

Griical consequence comprising bulding becoming inundated by
debris, but volume of debris considered unlikely to resultin collapse +
no people are buried. Value in ine with GHD recommended
Vuinerability adopted.

adopted according)

P(LoL) Annual risk of loss of life

7.0E-06

Subsequent Risk Classification

Medium (Tolerable)

Scenario 1 Yes 1.4e-07
Scenario 2 Yes 7.0E-09
Scenario 3 Yes 7.0e-07

Sum of Combined Risk: 8.5E-07

Low (Acceptable)

7.0€-07

Low (Acceptable)
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Location Description

Location selected due to several residential lots proposed just above steep fill batter falling away into gully, with potential risks of underslips affecting development. Riley previously proposed that fill batter be supported
by a Reinforced Earth Batter underlain by both counterfort drains and a shear key.

Location on plan: Critical section through hazard showing proposed remedial measure:

Relatively large landslide comprising significant evacuation of soils across fill batter (assuming no mitigation) downslope of proposed building platforms. Likely triggered by an extreme
rainfall / transient groundwater event.

small landslide / shallow frittering of soils downslope of building platforms as a result of ‘normal® weather conditions over a 100 year period. Event still likely triggered by a relatively heavy

(but not extreme / unprecedented) rainfall event. Shallow failure plane likely within proposed fill batter (assuming no mitigation) due to steepness of proposed slope.

Very large scale landslide comprising full evacuation of large amount of soil (;

both fill and ying residual soils, ing no mitigation). Likely triggered by exceptionally
large rainfall or seismic event, well beyond what site has previously experienced.

PC120 LANDSLIDE RISK ASSESSMENT METHOD 1

ysisindicates that sk of | rainfal | PTOPOsed REB underlain by shear piles proposed as part of

event (or ULS seismic event though this likely does not represent the Stability quate Fos
Likelihood* (Table 3) Likely crifcal event) could reasonably tigger this scenario,Considered |17 MIgaon in place, considsred reasonabie to assume no Likely
reasonable that it would require at least at 1500 year event to trigger | ™11es andlittle damage (insignificant).

this type of landslide. ikely” category conservatively adopted.

Relatively Targe landside Tkely to resul i 1053 of land downsiope of
building platforms, potentiall requiring some repair / some
ConsequenceA (Table 4 or 5) Minor stabilisation works (Minor). Considered that 1-10 injuries could be

possible, but highly uniikely to cause any deaths (Minor). Medium

Insignificant.

adopted.

Risk Classification (Table 6) Medium (Tolerable) _

Pr REB. 7 hear pil rt of
Stabilty analysis indicates that there s a risk of shallow failure within|"°POSe4 RES underlain by shear piles proposed as part of

Likelihood of g oceurring (to
o . the fil batter within 100 years without mitigation. This would likely ;
Likelihood* (Table 3, Almost Certain Likel
( ) nes to be triggered by a heavy rainfall event, though onewith o |© MAgNitude able to affect buiding piatiorms upsiope) Y
following construction of mitigation measures effectively fully
relatively frequent return period

mitigated, so the residual likelihood would be unlikely to occur

Due to modest magnitude of shallow frittering landslide, this likely over @100 year period (i, in accordance with “Likely” category)
Consequencen (Table 4 or 5) Insignificant would not capable of causing injury and littie damage would be and residual consequence posing Insigificant risk (no injuries / Insignificant

expected to bildings. Insignif gory adopt

Risk Classification (Table 6) Medium (Tolerable) _

Intended to represent extraordinarly large magnitude rainfall well | Proposed REB underlain by shear piles proposed as part of
beyond anything site has previously Inorderto v stabilty indicates that walls would
Likelihood* (Table 3) . ifrenia consecuence beow fom a Scanari | andsid,ts [ efectvely milgatesevety of mr;usﬁus toapointuhere .
intended that in order to cause significant further damage, an
absolute minimum of a 12000 year event would be required to allowing for some Minor damage | few njuries for undersiip
trigger this scenario, damage in case severity of event is larger than expected

(though considered this would need to represent a barely
Fullsofl evacuation likely to resultn lorge scale underslip below credible event where there is a alarge rotational failure through
building platforms potentially undermining future building platforms.

Consequencen (Table 4 or 5) Medium Critical consequence likely corresponds to few injuries (Minor) andfor

some g ial works

the rock below.

Minor

(Medium). Medium category adopted.

Risk Classification (Table 6) Medium (Tolerable)

Notes:
“Note on Likelihood: Where values / return periods denote rainfall / sea level etc, these include factoring for a SSP8.5 climate change scenario.

ANote on Consequence: taking the highest consequence category across all assessment categories (Human Safety, Lifeline Utilities, Critical Buildings, Community Buildings, Buildings accommodating sensitive activities)

of 14
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Extreme rainfall event likely needed to trigger even minor movement

of slope. Alternatively some movement could be triggered by ULS

Proposed REB underlain by shear piles proposed as part of
subdivisional works. Stability analysis indicates adequate Fos

P(H) Annual return period* (years)

2000

Truly exceptional rainfall event (significantly greater than that

experienced during 2023 storms) or seismic event well beyond ULS

likely needed to trigger large scale slope instability upsiope and/or
downslope of building platforms. 12,000 year event considered

conservative to represent this scenario.

P(H) Annual return period* (years) 500 500

seismic event. Estimate of 500 year event adopted. with mitigation in place for this type of event, reducing critical
i to lower end of
On top of event trigger above, it (a 9 ifretaining relatively conservative impact
- building but not great enough to cause collapse) would be capable i

P(sH) Impact probability o1 o M < P Pable” |propabiity) o1
of affecting building platforms even without mitigation.
Council recommended occupancy rate for typical residential

P(T:s) Temporal occupancy 07 07
dwelling.
Most ikely consequence from underslip downslope of nearby building
platform considered to be structural damage to building but not

V(D:T)Vulnerability 0.05 great enough to cause collapse. Based on GHD vulnerability 0.001
recommendations, value at upper end of range adopted. High
chance of survival,

P(LoL) Annual risk of loss of life 7.0€-06 14E-07

Subsequent Risk Classification Medium (Tolerable) Low (Acceptuble)
Considered likely that  very heavy ( Proposed by a shear key and counterfort drains

P(H) Annual return period® (years) 100 techincally considered 'normal” over the course of @100 year period) |proposed as part of subdivisional works. Stability analysis 100
would be required to trigger even ofthe  [indicates adeq with mitigattion in place for this type of

platforms. event, indicating that impact probabilty effectively fully

On top of event trigger above, critical consequence (damage to mitigated (nominal value adopted) reducing critical residual

P(S:H) Impact probability 01 building but not great enough to cause collapse) would be capable 1o lower snd of range (evenif 0.01
of affecting building platforms even without mitigation. retaining relatively consenvative impact probabiity).

p(7:5) Temporal occupancy 07 Council recommended occupancy rate for typical residential 07
dwelling.
Most ikely consequence involves undermining the leading edge of

V(D:T)Vulnerability 0.005 9 causing no collapse. Very 0.001
survival. Based on GHD vulnerability recommendations, typical value
adopted

P(LoL) Annual risk of loss of life 3.5E-06 7.0E-08

Subsequent Risk Classification Medium (Tolerable) Low (Acceptable)

Proposed REB underlain by shear piles proposed as part of

stability that even if this
type of event were to happen, with mitigation in place, damage
is effectively largely mitigated. Impact probability decreased to

nominal (but still considered conservative) value and typical

2000

P(S:H) Impact probability

On top of event trigger above, critical consequence (damage to|
building but not great enough to cause collapse) would be capable

o affecting building platforms even without mitigation.

P(T:s) Temporal occupancy

Council recommended occupancy rate for typical residential

dwelling

V(D:T)Vulnerability

Most likely consequence from underslip below building platforms
considered to be structural damage to building but no collapse (ie,
likely magnitude probably similar to Scenario 1 above). Based on GHD
vulnerability recommendations, value at upper end of range

adopted. High chance of survival.

GHD uinerability te

0.005

P(LoL) Annual risk of loss of life

1.8E-06

Subsequent Risk Classification

Medium (Tolerable)

1.8E-08

Low (Acceptable)

Scenario 1 Yes 14E-07
Scenario 2 Yes 7.0E-08
Scenario 3 Yes 1.8E-08

Sum of Combined Risk: 2.3€-07

Low (Acceptable)
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of Hazard

1. This assessment is intended to represent overall risk of hazards affecting critical infrastructure within the wider site.

2. Chapter J1 indicates infrastructure including roads and utilities (the critical assets subject to this assessment) fall within the definition of Network Utilities.

3. Network Utilities are defined as Activities less senstitive to natural hazards.

Page 14

4. Appendix 24, Table 1 indicates that a Method 1 assessment is required to define the risk for this activity. Where roads and utilities are assessed below, these are referred to as Lifeline

Utilities in line with Appendix 24, Table 4.

aniiaiils suscentilio class from Ruckiang
Gounsil published landsilds suscepiibaty and
Wapped langsidy || ¥H H [}
[ ey
2 1 1 1 1
4 1 1 S
z 1 2 H 1
2 1 2 2 | 2
2 1 ) a1 1
1 K1 2 R Y
1 1 1 1 1
1 1 1 1| 1

PC120 LANDSLIDE RISK ASSESSMENT METHOD 1

Likelihood* (Table 3)

Likely

Some areas of site could reasonably be.

affected by an ] uLs seismic

Relatively large deep-seated landslide occurring either upslope or downslope of a road or

utility, likely triggered by an extreme rainfall event OR a ULS seismic event.

of 14

heavy but not extreme / unprecedented rainfall event).

Shallow frittering of soils either upslope or downslope of a road or utility as a result of

"normal” weather conditions over a 100 year period (though likely would be triggered by a

Very large deep-seated landslide ocurring either upslope or downslope of a road or utility,

triggered by an exceptionally large rainfall or seismic event with a magnitude well beyond

which the site has ever experienced.

Numerous remedial works around proposed subdivision to

event. Return period of significantly beyond
1100 years likely required to initiate any large-|
scale land movement.

gy i P risks, including Reinforced Earth
Batters, cantilever retaining walls, soil nails, shear pile walls, etc.
Risk of large scale landslides likely to be effectively fully

mitigated with remedial measures in place, reducing potential

Consequence (Table 4 or 5)

Minor

Using Appendix 24, Table 4 (for sites larger
than 5Ha), scenario could possibly have
Minor consequence to Human Safety (1-10
injuries), Lifeline Utilities (loss of service of < 1
week affecting <20% of local population). No
critical or community buildings proposed as
part of subdivisional works. Buildings
accommodating activities sensitive to
natural hazards intended to be addressed

within other specific assessments on

Risk Classification (Table 6)

Medium (Tolerable)

consequence of landslides affecting human safety and lifeline

utilities to Insignificant (no injuries / minimal loss of service).

Likely

Insignificant

affected by shallow frittering of soils

Numerous remedial works around proposed subdivision to

mitigate critical slope stability risks, including Reinforced Earth

Low (Acceptable)

'Some areas of site could reasonably be.

Likelihood* (Table 3)

Possible

magnitude rainfall / seismic event, well
beyond anything site has previously
experienced. An absolute minimum 1:,000
event is considered to be on the extremely

conservative end of likely return period

racuirad to scon

Consequencen (Table 4 or 5)

Medium

B e s et ardor very Targe seate |
land movement across development, this
could reasonably cause Medium
consequences to human safety (11-100
injured) and Lifeline Utilities (loss of service

Up to 6 weeks affecting <20% of local

Numerous remedial works around proposed subdivision to
mitigate critical slope stability risks, including Reinforced Earth
Batters, cantilever retaining walls, soil nails, shear pile walls, etc.
Risk of very large landslides likely largely mitigated by remediol
proposals, though considered reasonable to consider Minor

residual risk to human safety (1-10 injuries) and Lifeline Utilities

Likelihood* (Table 3) Likely affecting roads or utiities within 100 years of |atters, cantilever retaining walls, soil nails, shear pile walls, etc. Likely
“normal” weather conditions without Risk of shallow frittering likely to be effectively fully mitigated
mitigation. with remedial measures in place, further reducing potential
TSing TabTe 4, SCeNaG Would TeGSonably
o landslides within category.
have Insigificant consequence to Human
Consequencen (Table 4 or 5) Insignificant Safety (no injuries), Lifeline Utilities (loss of Insignificant
service of <1 day affecting <20% of local
Risk Classification (Table 6) Low (Acceptable) Low (Acceptable)

Possible

(Ioss of service of <l week affecting <20% of local in

absolute worst case.

Minor

Risk Classification (Table 6)

Medium (Tolerable)

Notes:

*Note on Likelihood: Where values / return periods denote rainfall / sea level etc, these include factoring for a SSP8.5 climate change scenario.

Low (Acceptable)

ANote on Consequence: taking the highest consequence category across all assessment categories (Human Safety, Lifeline Utilities, Critical Buildings, Community Buildings, Buildings accommodating sensitive activities)
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