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50295 SHOTOVER COUNTRY SHA GEOTECH
REVIEW OF LIQUEFACTION POTENTIAL FOR SHOTOVER COUNTRY SPECIAL HOUSING AREA.

Dear Simon

1. INTRODUCTION

RDAgritech were commissioned by Shotover Country Limited, in a Confirmation email from Simon Barr on the 3 November
2015,

RDAgritech’s scope of work was to undertake a Desktop review of the geotechnical conditions present on the proposed Special
Housing Area (SHA) site with the aim to provide commentary on any liquifaction Hazard for the site.

The content is to respond to a request for further information from the Otago Regional Council in a letter dated 27" October
2015. This is highlighted below and forms the basis of the scope for this review.

As noted above, there is potential for the area to be affected by seismic hazards.
Development of a raised terrace raises questions about the proposed infill design to
prevent effects such as lateral spreading through mobilisation of the underlying terrace
embankment toward the river. The Shotover River basin (including the delta) where
the development is proposed, is shown to be on ground or soils that are ‘possibly
susceptible’ to liquefaction (Opus, 2005). Tonkin and Taylor (2012) completed a
liquefaction assessment for the true right bank of the Shotover River and mapped it as
having a ‘probably low’ liquefaction risk, mapping was not undertaken on the true left
bank. No demonstrable remediation of this risk has been noted for the proposed SHA.

The following information was provided to us:
e Plans for the proposed SHA subdivision
e  Previous geotechnical reports
o  Geoconsulting Ltd — Shotover Country Structure Plan and Geotechnical Assessment, February 2010
o Royden Thomson — Review of Liquifaction issues February 2011

| am also the Geoprofessional testing and certifying engineer for the bulk fill placement, currently underway in the Activity
Area 1f of the Shotover Country Subdivision. | have been involved in sighting and testing the natural soil subgrades for this
neighbouring stages’ construction.

2. LIQUIFACTION TRIGGERS

For liquifaction to occur there are a number of conditions that need to be present for it to trigger.
e Fine grained soils (silts/sands)
e Saturated soils (typically due to groundwater levels)
e Unconsolidated, soft to loose soils

e Sufficient cyclic shear straining (ground shaking from seismic activity)

The amount and susceptibilty of the insitu soils to liquefaction is dependant on the variations that are experienced with the
parameters above.

The following elements will control the amount of settlement or ground surface displacement that could occur.
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Depths of the respective soil profiles

Grading of the respective soils

Bedding and layering of the respective soil profiles.

Depth of non saturated soils over the saturated soils (depth to groundwater)
Overburden pressures due to the above point

The number and length of cyclic shaking associated with the Pga from the seismic event.

3. REVIEW OF THE SUPPLIED INFORMATION

Design drawings: The subdivision design drawings show a very large fill importation operation with a nominal 2.5m of fill to be
placed across the entire site.

If liqguefaction was a potential hazard then one of the most likely solutions for mitigating its effects on the proposed SHA would
be for a thick gravel raft such as the proposed.

Geoconsulting report: This report doesn’t contain any deep geotechnical investigations such as boreholes, CPT’s or HDCP’s,
however it does identify:

groundwater levels greater than 1.4 m below existing ground for the SHA area with a borrow pit static level of 1.2m

Sandy gravels in TP1 to TP4 in the area of the SHA to a depth of 1.4 m below existing ground with a minor loess silt
capping, no evidence of flood/silty lake deposits in the SHA area. (These seemed to be confined to the southern lower
terraces T6 which are not part of the SHA proposal)

Younger Quaternary Deposits comprising Alluvial Gravels, Loess, Lake sediments, swamp deposits, peat and
aggradation Glacial Gravels.

Seismic ground shaking for the area is a hazard

For the SHA area the aggradation gravels and Alluvial gravels appear to be the dominate geological sequence present,
with a capping layer of Loess.

The author concludes that the SHA area is unlikly to be affected by liquifaction.

Royden Thomson report: This report was produced to provide a review and commentary on the Geoconsulting report
specifically to address the liquifaction Potentail for the site. This report idendtified:

Some 18,000 years ago the depositional environment for the site was largely a deltaic sediment depositional zone
within the Wakatipu proto Lake that had a level of around 355 msl, the higher energy depositional environment would
have mobilised the finer fractions such as silt and transported them downstream towards the original lake outlet at
kingston to the south.

There is an expected increase in grain size with a coarsing upwards profile

Stratified (layered) alluvial Sediments would be present under the site, and with a deltaic environment this would be
partially Kaotic with interfingered deposits.

The deposition and infilling of the Frankton and Lake Hayes basin area resulted in sediment levels around the 355 to
360 msl level at the current site area. These are the levels around the Glenda drive terraces and upper terraces of
Lake Hayes estate and the Glenpanel area. This would have resulted in nearly 40 to 45m of alluvial and deltaic gravel
sediments overlying the present site, this would have provided considerable consolidation pressures to the underlying
sediments.

This concludes that the underlying soils of the SHA have been consolidated to a moderate to high degree.

During and post deposition, several large siesmic events have occurred in the region with a nominal return period of
1000 years likely to have produced sufficent Pga and cyclic motions to instigate consolidation of any unconsolidated
sediments.

From around 7,500 to 5,000 years ago a rapid degredation of the Kawarau and Shotover river bed removed the built
up deposits and transported these along the respective drainage channels. The stepped terraces of the Ladies Mile
Lake Hayes and Shotover Country areas clearly shows a stop start process of downcutting into the sediments to create
the present landform.
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e The report concludes the sediments of the SHA area are older than the more elevated terraces, have undergone
consolidation and been through several seismic events to further consolidate the sediments. Are predominatly gravel
with cobbles with the possibility of minor silt rich and sand units of unknown thickness but limited lateral extent.

e His reporting also provides two deep water well logs of the stalker and Jones properties. These were constructed to
the northeast of the SHA on the upper elevated terraces. These confirm a coarsing sequence towards the SHA area
with less silty sands and gravels to more sandy gravels. They were in the order of 65m deep with groundwater
encountered at a nominal 50m below Ground level. This would also confirm a relative flat groundwater profile for the
area that is at similar levels to the shotover and kawarau river bed levels.

e His report concurs that the flat groundwater regime of the SHA area is present and the depth to groundwater
increases towards the northwest (upstream)

e He acknowledges the presence of a thin sand layer in TP5 within the SHA zone however qualifies that further
investigation for its extents could be utilised if of concern.

He concludes the SHA area is not likely to Liquify.

4. ASSESSMENT

Further to the above we spoken with Paul Faulkner the author of the Tonkin & Taylor Ltd report on liquifaction hazards for the
Wakatipu basin, mentioned in the RFI Letter paragraph above. Paul confirmed they had no information on the true left and
assigned the area as uncategorised. This according to the Investigation and reporting requirements for QLDC Guidelines for
Liquefaction investigations elevates it to the same requirements for LIC1 (nil to low). The minimum investigation requirement
therefor is for good ground determination in accordance with NZS3604, this involves shallow investigations only.

According to the QLDC Hazard registry and mapping of the area the SHA is not within the Opus zones for potential susceptibilty
or susceptible and they also do not indicate any mapping or hazard for the site for Liquifaction. The susceptible zone is present
in the active shotover river channels from bank to bank but not beyond these. And therefor not present within the SHA. From
the mapping the SHA would be estimated to be a nominal 60 to 100m away from the mapped susceptibility zone.

It must be noted that the reporting and conclusions from Royden Thomson would apply across the channel and to the True
right hand side and therefor concur with the Tonkin and Taylor Assessment. Hence conversly the LIC1 (p) category for the True
Right can apply for the True Left as well as they all part of the same depositional environment.

The localised and shallow channels and sediments within the active Shotover river channel may be unconsolidated gravels
sands and minor lenses of silt, be saturated, and possibly consolidate under seismic cycling, however their depth and lateral
extents are confined and any settlement induced would be considered minor.

The concern for Lateral spreading of the terraces towards the lower river profiles is also not founded as the presence of
saturated, unconsolidated moderate to deep fine soils (silts/silty sands) is not present in this zone based on the exposures
present and information provided.

The recent QLDC Land Developmentand subdivision code that has been ratified by council requires that under section 1.8.1.1
(c) “A Geoprofessionals report on the suitability of the land for subdivision or development if required by the council” is to be
supplied for review and acceptance as part of the resource consent process for the subdivision. It would be at this stage that
the geoprofessional would have conducted the necessary investigations to satisfy the liquifaction likely hood and remedial
measures likely if present.

Therefore if category LIC1(p) is adopted for the site and given the lack of specific deep information for the SHA area | would
recommend a nominal 1 to 2 boreholes with SPT testing of sufficent depth to confirm the liquifaction risk is indeed not present.
Itis unlikely CPT or HDCP testing will be able to penetrate the gravels present. Some additional test pitting may be required to
determine the extents of any soft surficial soils as per Royden’s reporting however this would also be determined by the
Geoprofessional for the site.

This information could also then be used to update the hazard maps for processing guidence for the SHA and surrounding and
future property owners of the immedate area.

The proposed fill extents would also be expected to be a suitable mitigation and remediation measure if in the unlikely event
liquifaction is found to be a possibility of affecting the SHA area. However this would be detailed by the Geoprofessional for
the site in the reporting to be provided as part of the main resource consent application to QLDC.
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5. APPLICABILITY

Findings presented as part of this letter are for the sole use of Shotover Country Limited and their advisors in accordance with
the specific scope and the purposes outlined above. While other parties may find this reporting useful, the findings are not
intended for use by other parties and may not contain sufficient information for the purposes of other parties or other uses.

Our professional services are performed using a degree of care and skill normally exercised, under similar circumstances, by
reputable consultants practicing in this field at this time. No other warranty, expressed or implied, is made as to the
professional advice presented in this report.

Yours Sincerely

David Rider
BSc (Geol)

Senior Engineering Geologist/Geoprofessional

50295 Shotover Country SHA Liqu Assess
M Issued, date sent 05/11/2015
M Typed by: DWR
M Reviewed by: LM

Attached: Previous reporting and SHA plan and sections
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l GROMOMN ST VENG 1S
[ INTRODUCTION
' This report has been prepated for the Ladies Mile Patenership (LAMP) as part of a technical
imnm'ltum regquirement for o proposed peivare plan change requese wo the OQueenstown $akes

i
1 apProsimEEels 130 hocpres vinge benseeen
;. pprosmuiels 130 hecrares ong berween

0 the sourh wih the lower

p Couneil. The proposcd study area cocompasses

! Fiu‘ fdju Mile seeton of G v the poceh and e Rawarnu Rive

prrotnsess ehe existing laindiorm, sl o pes,

mhorover | oo the wess The seope of vhis reporr is

H . SrTo

sl eeaands 50 o) and oo provide o osmwnany of the georechmend by of de s

il)l

develonoent,

3
{ The following worl was undergaken o secomplish the above seope of work:
2 Desk sidies comprising actal photo interpretadon of swereo photo pairs dated
! 1934, review of the Counetl hazrd segister, roview of the GrowOiago website
and review of a previous epost on che lower regraces of dhis bloclk
{ o Freld work involving a site walkover and excavarion of {0 hand-dug pis.
{ SITE DESCRIPTION
o The site is located within the predominandy raral Ladies Mile arca of Queenswrwn andd s
bounded by the Shorover River to the wese and the rerrace edges w the cast. Further o ghe cast, the

reeent Lake Haves lstare and Walout Geove subdivisions ase separated from the area of inrerest by a
higher-standing tertace remaant.  The proposed study area boundatics ate shown in red on the

{ annotated acrial photw (Figure ).
Current aceess is off 816 via Sealleer Road. This road leads down onio the nest rerrace on which
' the upper part of the site s locared. Several formed roads and farm rracks feed off Stalker Road 1o
give access wo the lower wraces, Old School Road leads 1o the notthwestern corner of the sticruie

plan boundary with access to this off Spence and Lower Shorover Roads.

LANDEFGRMS

,,

memndeis of the

The sire compiises several fiver wertace plactorms successivedy onr down bj-.'

Shorever River cvore the past fow chousand tears, Siy distiner siver ermees thar decroase successivels

‘ in clevadon from e aorcheast o the sondiaest have been idennfied aiih .\'c\'(‘l':li degraded
i e s been

.7

2 Ak vl this wepiorn wach of

ik nilld from: 1 fehe ughest in cfevarion) ro 10 (dhe lowesy 1 clevarion)

¢ hoen fabelled wirh e idennfier for the rorr

I Uhe rormee stopes pising above cach temace i

Slope helghrs range feom (3 w0 200m for Ul down o Lo 2o bor Fos; the

Below and dhe soifix
general rrend 1= For the werrace slope hieighes oo reduce rowards dhe soudhwest Slope angles oopicaliy
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range from 307 o 407 and somedmes up o 50° indicating oversteep slopes aot in cquilibtivm wich
the yeomorphic processes shaping che landforins,

The river terraces grade very gendy @owards the tiver with only 1 to 2 m of fall actoss the surface.
Localised humps and depressions vepresenting pafacochannels are more pronounced on the lower
rertaces bur hecome less distingoished wirk hddghr The difference in relief is ropically as a resole of

the fewer rerraces Being vounger geologically and thevefore having less soil protile toamed o “fill m
serioarion il

hwese hollows™ Recenr farming acnviges including cultivation. sowing of crops,
crazihy on the upper rermces, has levelled oor rhe pladforms fusrher. The lower wrsaces (14, TH &
T6) bave been subjecred o Jess inrensive foming henee the more pronotnesd paiaccchanaed

visthilioy, s evidenced on dhe acvial phoro in Feore 1

Ney active watereourses were observed on UL so 15 however several old channels wete noted.
Some of these would be ancient stream beds thar ace now cut off From thelr sowree of warer whilst
nthers only actdvare in dmes of pessiseent or heavy rain fall. Many of these fearares lead o incised
pullivs in the rerrace slopes with debris fans exrending oue ino the rerrace flaes,

T'6. the lowest rerrace adipeent o the Shomover River, has had inan-made ponds and diches
exeavated ino 1o that are flowing acdvely as a vesule of groundwarer mflow. A small channel about |
tor 2 m actoss has been cut across T6 o divert warer from ihe northwest commer and dischagge to dhe
Kawarau River. This feature is visible on rhe actial phowo in Figote | as the linear strucnure inche
south corner of the smdy area.

There are nme lacger debris fans presear across the study atea as shown on Figore 20 The fans
extend from incised gullies oueon to the terrace platform from a few meters to wens of merres, They
are likely ro have formed dusing periods of profonged or heavy ranfall when ephemenal soeanws were
active. The furming histosy of the site 1s not known but it s suspected that flood icrigaion practices
may also have been pattly responsible for their ecmplacement. ‘The latgest debris fan, Jabetled D1 on
Vigure 2, has been modified by roading casthwotks to create the existing access of Stalker Read.
Oxher debtis fans, pardeulary the larger ones, have been utlized @ provide access o the terraces
below by recent roading and catlier farm tacks.

‘Fhe site s bounded to the south by a Il of schist bedrock thar comprises the only observed
tered it the course of the subsurface investgations but
i

s of merers deep depending on eereace clevation,

outcrop in the area. Bedrock was not enco

is cseimared o ranyge bemveen a fow merers w

SITE INVESTIGATIONS

A sire walkover and 10 hand dug pits were conducred as pare of this scope @ supplement the
exisdng soll informarinn fom the previcos Geoconsultng Lrd investganons, which comprised ¥ cese

hirs o depths of 2.2 11 0 fanuany 2006 for ihie purpose of ageresare supple. ocatons of the wst
. 2 fahe e A

TR I A CPT 4 Srepraee. ¥
HEs .'u‘l\_ln LIGTH v o b prare

Tov complement the sire walkover o siwrecscopie woview of 1959 acrial phoos (QJucenssown oo

Lamsden series 2824/ 11 aned 282471 2) war eonducted 1o dentify any proviows nsmbiline within die

stuelv area.

The hand piz and rest pit logs are summaized o die following mble.
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Pit No. Depth (1) Description Name
HPT n.4a Grass oors, ORGANIC Silt minor snd. dak Topsol
e, ey, sidff
AR Sl fire = 000 beown, dense Loess
4 Beooming swedim: dense e dense
]
(1.6 =andy GRAVEL, Soe o medinm genels fine o Alluviom
coarse sand, browa, dense
7 Fnd of plic difficedt ro excavare Farther, no
groundwiter encousiesed
2 (Ll Orags roows, ORGANIC Silv ovinor sand dark Topeoil
beewen, maoisr, sriff
IRIRY Sandy SILT. blue/grey, firm o very koose, AMiuwium
HCACC S, wel (Ileod Deposin)
15 Sandy SILT ORGANIC, dagk brown, wer, fivm | Buried Topsodl
with exrensive ronis and mild pungenr odouor
035 Sandv SIRT, blue/pgrey, fiem 1o very loose, Alluvium
micaceons, wer (Llood Deposit)
thds SANID coarse, some silc biue/grev sarurased Allgviwm
loose o mediom dense. Wer (samds)
0,641 Groundwater encounrered
T nd of pir, becaming gravelly
HP3 (XY Gress voots with bloeZgrev STV weer Al iune
(1-lood Deposin
20 PENT oo, no sod mass, sartrared Pear
40 il Brlue grev with exrensive rools and organics, Sluviun:
frnn soets omdize b hrown i wdnuies when | lead Doposi)
exposed 1o oate siuraned
th3 Fand of pir, groumdwarer nfilings hole
P (BK}] Cipase poors, OIRGANIO St minor sana 'l]‘)pr\':‘ il
Do, s, suit
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Pit No. Depth (m) Description Name
2 SILT some sand, minor fine gravels, moisr light Allwvinm
brown, stff to loose {silrs)
: 3= SR imedbm o coarse soine sand and sl RO
Lrow i, dense dre
S— , N I . — _
: DA Lasd o prie diffeoli 1o exenare forher, vo
ErolRh e eacounfered
HPA My Grass roors, ORGANIC Silr minor sand, dark Topral

b, div, seift

1.1

ST sandy, brosn, very ift o dense, dey

fLoess

n4

GRAVEL sindsy tine o mediom. beown,

Allavimm

medivm dense 1 dense, diy {gravels)
Lo SAND coarse, =ome fine gravels, hrown, loose, Auvium
drv {rands)
0o Und of pit, a0 groundwarer encounrered
HPG L Girass roors, SILT dark brown, dry, silff Topsail
(s ST minor sand, brown, dense, dry l.oess
0.4 GRAVEL course, sandy, brown dense, dry Aldhuvinm
foravels)
45 Ind of pit, difficelt o cxcvare furrher, oo
grogndwaler ereounrered
P~ thl Crass roots, SILT dark hrows, Jdrv, stiff Topsoil
A S sk fine vomedig, eowa, very sdff se Loess
dense, dey
070 SUUT, Ane gravelly, beown, dense diy Alluvium
.75 Fnd of pir, dificalr fe excvare further, no
sronlwiier cocouniered
His L Cirgs ronts, SILTL dark Gresn, duv, sy Vopsatl
e ST Pt sarde, Boovern, very seddt 1o dense, dey [owss
AV GRANVTL siliv, medivm e fine amvels, brown, Aduvivm
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Pit Mo, Bepth (m) Deseription Name
dense dry {oravels)

00 Had of pic difficult ro excavare (wethier, no
uniereid E
S . . , oot or e i
2 S s oY o 8
1P 131} o feeis, SHU dork Brown, diev, sy Vopzait ]
= - r— , T |
LEg ST Do wands L browin, very st oo dense, de |owess !
1,06} Becoming slighily moisr
IR GRAVEL silre, medium ro fine gravels, brown, AMuwvium
dense dey fizravels)
Lo Lnd of pin difficulr w0 exeavate furthees, no
proundsarer gneotgrecd
HP10 . Cirass roots, SHUT dack brosen, dey, seif? Topsoil
.l SILT fine sandy, beoswn, vere siff o dense, dey Laoess
1.95 GRAVEL siliv. medium ro fine gravels. brown, Alwvium
dense dry (gravels)
Lan Lind of pit, difficulr o exeavare further, 0o
groundwater encounrered
Test pits from March 2006 Geoconsulting Lad repost
TP [£XY)] Topeoil/ Loess loess
N4 Sy Gravels Alhevium
1.3 Fod of pir
P2 TXE Topsoild Lovss Foess
4 sandy Grvels VHuvium
1.25 Fived oo pie
1P3 X Teproil” Loeas | oaimss 3
4
IR sondy Genels Mheamn i
| ;
[.5 Had o ph
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Pit Mo. Depth (m) Description MName
P4 n.n Topsoil/ Loess Loess
.36 Sandy Geavels Auvium
- . s e - S A — -
| L. Tnd of pir, wer near hase g
i
S : —_— :
: 1A i Tapsoily Lovss Lawess |
ﬂ = aieam e b A bbb — - R o ——r T_:
% Ssandy Oravels with sand beds 03m ro #L0m Adluvium

thick

Vindd of pit, geoundwarer ar Lm

PG

Topsoll s Loess

Yoess

Sandy Gravels

Adlavium

End of pir

].oess

0.4

sandy Gravels

TP 0 Topsoil/ Lovss
0.3 Sandy Gravels Adlevium
I.1 lind of pir, roundwarer ar 0.8m
P8 0o Topsoil/ Locss Loess
AMuvium

2.1 Lind of pit. groundwarer at 2.1m

P9 0. Tepsail/ Loess Loess
04 Sandv Gravels Alluvium
Py

Fnd of pit
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GEOLOGY
The geology of the block is mapped by the 1:250,000 Geological Map of New Zealand (QMAP),
published by GNS Science as Younger Quaternary deposies comprised of alluvial gravels, loess, lake

ailrs, swnmip depesins, penr and aguradanon gravels felacial),

opsoil, focss aad

I'he popleal sodl profle encountered i ehe hand pirs displayed

consistent with die mapped geotous HOM AL

Alviant in onder of deprh, This scauence is

Althoeugh aot encownrered durtng rhe avestigadon, these s the possibiline for ke sediments and
Iocaiized pond deposirs, parricularly on the lower rerraces. These deposts ave fikely ro be contprised
of blue grey silis and fine sands thar may exhibit dilarant and thixatopic propesties. 1f preseor, their

exrent s expecied o he minor and standard engineering solutions age available to deal with them,

GROUNDWATER

Groundwarer was encountered in test pits on the lower tetrace plarforms 15 and 16 at depths
besween 0.8 and 2.1 m below the 'T5 surface. The depth rended w inerease witdh increased cevaton
across Terrace 5 and indicare a nearly fac groundwaret gradient on the lower secrions of the site, A
borrow pit in Teerace 5 near TP 2 had a stade groundwarer fevel 1.2 m below rerraee level ag the ome
of the sire investigations,

Groundwarer was near sueface across Terrace 6 or exposed in the ponds and ireniches to the

west of the werrace.
Groundwater was not found in any of the higher tettaces during the site investigations; however

it is expeczed o have a shight upward gradient away from the Shotover River towards the case with a
component tising towards the higher ground north of the Ladies Mile,

NATURAL HAXARDS

Ihese are several narmrel hazards presens boi regionally and locathy vhae could porenrially affuece
the site as fsred and disenssed as follows:

2 Oversteep, usiable slopes,
oo Dxebrois fans,

feresion,
2 Moadmng,

o Low bearing eapacny soils,

CEAMALADIESKILEGT 1227 130GC
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O higuetacdon,
O Seismic ground shaking,
Uhe river-eroded terrace stopes Fly o T6x ate considered to have marginal stabilicy as a resulc of

cheir past oversteepening. Subsequent rain and wind erosion, graviational creep and small, shallow
cmedified the slopes o more sableangle and eseblishsnent of & oood vegerndve cover of

stips ha
crase, sorul mad mrees has further mproved suabiice. The well-diained nanoee of dhe rerrce cdges is

olonged or heavy ranfall ey resule m locadized

conducive e srable slopes alehough puentods of |
Srdures, Nohugesende movements wore observed from cither che fickd work or caamination of

acual phomweraphs. anning acvides along the wrmaee slopes has ronoved whatever evideoce may

nave bown prosent for shallow insral

Terrace edee crosion and the resuliane deposidon of debris frns has been an acrive process in the
pase and could porentiall reactdvare under appropriae condidons. The site walkover and aciial
photos show the majoriey of these fans have estblished a good vegeradve cover indicating they have
been mostly inactive. The road and mack formations help conrrol surtace water runoff and ie s
envisaged chat the proposed developments would also uilbe these faus, Consoucton of scaled
roads and an engineered stormwater system should greadly mitigace anv risks for the larger fans,

Firosion is a natutal process oceurting with each significant rainfall or wind event sufficient o
acuvate the process. The loess solls present actoss the site are particularly prone to crosive forees
and during insense periods can cause considerable damage, ‘The debtis fans present across the siee
are the result of crosive forees, as are the foess soils covering dhe site,

Floodmg is ideatified as a hazard on the QLDC Fazard Map and is reproduced as a blue stippled
area covering ‘15 and 16 on Figare 1. Flooding is v be dealr with in more demil by others but is
incloded here as a recognized hazard for the site. Hand-dug pits on 16 showed lavers of sile thar
indicated deposition during a prolonged petiod of submersion from twe disdoer Hlooding evenes.
Similar silt tayers were not identified on 15 suggesdng that any past flooding across the terrace could
have been elther of shotr dutation or the water chaanclled through the area and any sucly sili layers
are tocalised.
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Sotds of loew beating capacity are those that conmin a high organic content or o
unconsolidared siles and are susceptible ) load-induced consolidatdon and consequent setdemen.
The low-ing arcas of 16 have clevated groundwazer levels or surface ponding and are expeered o
finod frequently. Mose of this area is marshland Sswamp and is underlin by well-formed beds of
peat and siles, The marshiand s shown as o green suppled ares on Frauee 1.

of the Wakaupu Basin,

Liguetacton is an cavthquake-induced hazard present o sonie areas
Recently deposiced soils with untform grading can be suscepiible w Hguefacdon when saurared, The
lewrest Wving rersaces (15 & 16) are the only areas Bhelv to be waderdam by clevared ;roundwntvx
lovels, The subsurface i exrigntions indicare thae well gi_‘,.dc] sardy gravels ]:ud:v NIIATE SUEICSTLE

\

this site s unlikels o be Amuul v Hguefacron, No evidence was Found cither on ihe ground or

Vigueacrion iz thus not constdercsd 2

et phomgraph nspection of past Yoneferd

fzard For ohis vite,

e conrmon hevard ro vhe area due s lmmmm 0

semnie ground shaking (eardhguakoes)
the werome plae boundary (Alpine l‘ﬂmu ot the West Const and severnl aodve faule amaces
shraughour the Wakazpe regon, Predictons for a magnitede 7.5 or prearer ==1“§ dngr eent withia e

nexs 30 vears £or the Wakagpu (NPWA] and de 15000 seisde evenes dhat Now /‘ml:mw.l has cuch
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vear watrant this as a substntal bazard.  Though significant, this hazard cannor be climinared bur
can be mirgared by the appropriate application of the relevant standards and codes as s curreny the
practice for any development in the Walkatipu Basin,
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Tl
on {looding will be found m companion reporis,

section i copcerned with ground-redared hasmrds and i s expecie

Solarions for rereace stope insrabiline would be derermined by rhe foal subdivision lavoug with
specific solurons provided i the Geozechaical Tnvestsanion Reporr (GIRY as seguired by ihe QLDC
subdivision smndards and NYS4404:2004 and conld include cither or 2 combinarion of the following:

o Slope regrading and associared carthworks,

Speetfic investiganon and design for indrvidual buildings,

&

o Subsoil deainage,
o Remining and soil stabilizagion measures,
o Buildiag resticton, sethacks or zoaing,

Of these, the latter oprion in conjuncdon with a sensidve subdivision layout are the prefesred means
of controlling building development on she terrace slopes. Aliening roads near o the crest and toe
of tesrace slopes, zoning the slopes as reserve or green bele and applying building restiictions on
slopes steeper than 25% are possible soladons o avoiding distutbance o the steeper slopes o to
restrice butlding away from paotential landslides or thelr runout zones.

Lirosion and debris fan emplacement are considered o be dotimant processes giving sise to 4
reladvely minor havard. Corrent subdivisional seandatds and wesouree managemen: guidelines for
development contain adeguate stormwater control and disposal cequivemcars, A roading in the
vicinity of rerraee crests should have kerb and channe to prevear runoff escaping over the edge and
disposal into saak pies should not be allowed within 30 m of the reoace edge. The exisnng vegernye
cover on teirace slopes should be remined and enfanced s cocourage rainfall infileracon and o

mirigare rainwash crosion.

TE s solls of Tow bearing capaein and a0 ruch does norhave “good ground” as defined m N7
i of this area, developmenr would require sulstangal

of all infrasory

Joo4. Norwithstnding the floodnyg

eoand dwellings and he

amd dratnage oporations, spee

iilicfiheod of dre cerdficares registering aavural hazard suscepribitin. The direct and indivecr costs of

such work are Eliele o make housing or infeaserucrure developmunt in this arca unaimaciive, Ir s
considered the best opoon ix w zone the lind as reserve or some odher use thar is o7 sensitve v e

partcular azards that affeer the aren
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Seismic ground shaking is an inevitable hazard for the arca and as such any devdopment works
ase 1o be designed according ro the relevane standards, with the GIR specifically addressing rhis issue
inn more detail.,

DONCLUSIO

Jl'iw sive o defined inored on Pigure © s considered goorechnically auimble for subdivision and

identified im,ﬂy_l\ are mken inte consideranon and appropriate
I 1

sncering standards and georechaioad mitigarion works sre adopied.

ding Jdeve mpmr MR wWded ohe

Rif |I)Lil‘. iz

Ve maust be appreciared that while the stee is generally suimble (or building development, the cosis
of midgaring some of the hazards may be considerable, Careful design of the subdivision layour is
considered necessary to opmise the hazard controls, [vis propased chat the 16 wrrace be urdlised as

a seormwarer arenuation arca for the development,

' Jeff Bryant Geoconsulting Itd report “Lower Shotover Partnership: Assessment of gravel
reserves” February 2006
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ROYDEN THOMSON, GEOLOGIST

11 Leitrum Street

) SRR Cromwel}
20 FEY i1 : Phone 03 445 0025
' ' Fax 03 4450029

11 February*11

Chris Hansen

Ciark Fortune McDonald and Assoc.
P.O. Box 553

QUEENSTOWN 9348

Dear Chris

PLAN CHANGE 41: REVIEW OF LIQUEFACTION ISSUES RAISED IN BRYANT REPORT OF
FEBRUARY 2010

As requested, please find below pertinent comment on the materials underlying the proposed plan
change area, their assessed genesis, and liquefaction potential. While | agree with Mr. Bryant's
hazard assessment, | feel there are incremental aspects to the various physical and geological
factors which can be utilised in support of his conclusion for the site; namely a non-issue.

a) Shotover Delta Genesis
Although alluded to in the Bryant text, it is not clear that the delta was once constructed as a
significantly larger entity than can be appreciated from a present observation. In part in
reference to the attached lake-change profile, it can be deduced that:

o Following the retreat of the last intrusive glacier into the area (18,000 years BP) a proto
Lake Wakatipu infilled the cavity vacated by the ice. A long-duration lake level was
established at about RL 355, and the outlet was at Kingston.

e During this lake establishment phase the Shotover River (and other tributaries)
constructed a large deita which extended from Frankton to Lake Hayes, and south
towards Jacks Point. Fines continued to flow further south, again. Note that at its
maximum, during this phase much of the deita east of Frankton would have been above
lake level, particularly near the aggradation axis of the Shotover River; this more-or-less
includes the area of interest.

Thus:

- the Plan Change 41 area would have been wholly above RL 355; most likely in the
vicinity of RL 360. .

- materials underlying the PC 41 area would be stratified alluvial sediments.

- there is an expected grain size increase upwards in the local sequence. Fine
sediments near the base in the glacial trough; coarser (sandy gravel, cobbly sandy
gravel) debris should prevail nearer the fan tread. (Silty units, though, appear
common in “Hendo’s Hole".)

- numerous major seismic events would have been experienced locally during the
period of delta construction. Some settlement and consolidation expected.



@

- preloading of sediments (to RL 3607) would have cccurred within the Plan Change
41 zone during this period, as well.

Perhaps 5,000 years, or so, ago (section suggests 7,500 years; my present views
reflect a younger time) the Kawarau River again capfured Lake Wakatipu, with a
consequent stepped but relatively rapid degradation of the Kawarau River along the toe
of The Remarkables slopes, and the abandonment of the outflow channel at Kingston.
A set of beaches on the edge of the delta at Frankton attest to a stop-start degradation
process and the same temporal phenomenon occurred on the true left of the lower
Shotover River i.e. the construction of a series of terraces by a degradation process. At
its lowest, Lake Wakatipu drained to an estimated mean ievel aboui Zm below the
current equivalent, and it is likely that the thalweg of the effective modern Shotover
River did likewise.

Mr Bryant discusses the PC 41 terraces in terms of dimensions and describes the lower
remnants as “being geologically younger®. While this may be true for the diminishing
fread heights, it does not apply to the underlying materials, in my view.

General Conclusions for the section are:

o

=}

All terraces (perhaps with the exception of T6) appear to have been cut within a formerly
large delta by degradation of the Shotover River, in association with degradation of the

Kawarau River.

Materials underlying terraces within the PC 41 area are relatively old and have
undergone preloading by saturated alluvium up to an approximaie RL 360 elevation.

The few exposures | saw with yourself suggest the local ailuvium will be a well-graded,
sandy gravel. In part, there will be a cobble content (i.e. coarsening), but expect some
silt-rich units of uncertain thickness. Sand units, if present, should be local.

Numerous seismic events will have occurred during the life of the delta. Expect a
consequent settlement, and increase compaction, for the host alluvial sediments.

T6 has aggraded slightly due to past inundation.

b) Water Table Location

I concur with Mr. Bryant's interpretation that the water table through the PC 41 area shouid be
low as a consequence of drainage through alluvial uniis to the Shotover River in a westerly
direction and to the Kawarau River to the south-east. This is reinforced by the lack of any
seepage from terrace risers above T8, and the flat water table established beneath T5.

Anomaious Terrace Tread Disiress

A scrutiny of relevant stereopair photos failed to locate any unusual patterns which could
suggest past liquefaction of underlying sediments. This accords with the observations
described in the Bryant report.



d) T1 Surficial Deposits

Stereopair aerial photos display an anomalously proud ridge and adjoining areas at the east
side of the tread. (Reference annotated Bryant plan.) [ suspect this is an aeolian deposit (i.e.
wind blown — saltation and aerial) that originated on the Shotover floodplain during earlier
degradation. As such, it may be largely sand/silty sand, but it should be dry and not, therefore,
subject 1o liquefaction.

Note this implied deposit may be equivalent ¢ the hummocks which previously existed on the
north side of nearby S.H. 8.

e) Ofisite Features

il Graeme Stewart (McNeill Drilling) has kindly supplied logs for bores for Grant Stalker and
Russell Jones; see attached Bryant plan for location. Although to the north of the PC 41
area, they do;

o show a dominance of “gravel’, with a varying finer content. This is well to the left of
the effective fan axis, where finer sediments would accumulate, in any case.

e indicate the presence of only minor silty sand.
e show the water table near S.H. 6 is slightly deeper than 50m.

o suggest liguefaction is not an issue.

i/ Anecdotal information on drilling, with SPT tests, at the Remarkables Park indicates
liquefaction here was discounted by the site specific investigations. it is expected that
QLDC will have this data on file.

iii/ There should be a direct correlation between the physical properties in the alluvium at
Remarkables Park and the highest terrace just east of T 1 i.e. they are both part of the
primary fan surface. Terraces are assumed fo have a reduced liguefaction potential, while
Terrace 5, known to be underlain by coarse alluvium, should have no liguefaction
susceptibility. However, T.P. 5, in the southern segment, did encounter sand units to 0.6m
thick; if of concern, such lenses could be defined to some extent by test pitting.

| trust the above has suitably augmented the Bryant conclusion with regard to liquefaction.

Regards
;,.'"’/7
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Phases of Lake
Level Changes

(Refer text)

Lake Wakatipu
Profile

General Comment
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lateral dimensions slightly greater

than those of last advance glacier.
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with river sediment, then valley
on by last advance glacier.
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Shotover Defl_t_n and other high-level
celtas constructed by L.Wakatipu
Iributary stireams formed during

Phases 2 and 3.

Fresent

Lake drainage switches
irom Mataura River to
Kawarau River. Timlng of
catchment capture unceriain.

Fruminz;'i;i lakeshore ierfoces
(eg. Frankion township) formed
during Phase 4.

Lake surfaee possibly as low as

335 m. Indication of small,right
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Timing of slide event uncertain.
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the Retreat of the Last Major Wakatipu Glacier
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