Table 1: NDMA Issues and Potential Mechanisms For Solutions

Notified Policy / Rule

Issue

Potential Solutions

CHANGE D4
Policy 2.3.3.1.X

|Supp ort community and leisure activity, sport and recreation, and essential community facilities in Dunedin through:

X palicies and assessment rules for subdiision in a new development mapped area that require consideration of the need for
formal and/or informial space for recreation. Sporing, Social and cultural adivities. and community facilities. {Change D4}

Delete Polcy 2.6.1.6.b

Objective 12.2.X

Furture residentfial growth areas are deveisped in a way that achisves the Plan's strategic directions far. {Charige D1}
a. facilities and spaces that support social and cultural well-being (Objective 2 3 3), {Change D4}

Policy 12.2.X.1

Only allow subdivision in 8 new development mapped area where it will provide or otherwise ensure good

access to putdoor recreation opportunities (including playgrounds) and, where possible. opportunities for
off-road cycling and walking tracks within and between different residential developments and connecting to
community facilities and senices. {Change D4}

Policy 12.2 4.1

Rule 12.X.2.5.c

12 4.2 Assessment of restricted discretionary activities in a Transition Overlay Zone or mapped area

Activity Matters of dizcretion Guidance on the t of rescurce g

How will this operate in
NDMA where land is in
multiple ownership and
development is likely to
occur over time and
potentially without co-
operation between
landowners?

S32 report talks about
'large greenfield areas'
[see para 296], however,
many of the ‘large
greenfield areas' in
NDMA are in multiple
ownership.

A trigger mechanism for
requirement  of  formal
and/or informal space for
recreation, sporting, social
and cultural activities, and

community facilities. That
is, over so many lots /
developed area a

greenspace is required.
AND / OR

Specify what greenspace etc
is required as a minimum for
which NDMAs.




Rule 15.11.5.Y

Activty Mattrs of discreton Guidance an the assessment of
resource consents




Notified Policy / Rule

Issue

Potential Solutions

CHANGE D5
Delete Policies 2.2.2.5.b and 2.2.5.3.a and replace with new clause in Policy 2.2.2.X.a

Policy 2.2.2.X to be added {Change D5 & Change E4}

Objective 12.2.X & Policy 12.2.X.3

Rule 12.X.2.5.a

No issues.

N/A




Rule 15.11.5.Y

Activity WMatters of discretion Guidance on the assessment of
resource consents




Notified Policy / Rule Issue Potential Solutions

CHANGE D6 What is the threshold|Provide a definition for this
for ‘'significant natural|term.
environment values'?

Objective 12.2.X and Policy 12.2.X.2

Rule 12.X.2.5.d




Rule 15.11.5.Y

A o R e e

resource consents

‘ Activity Matters of discretion Guidance on the assessment of




Notified Policy / Rule

Issue

Potential Solutions

CHANGE D7
Objective 12.2.X {Change D1}

Policy 12.2.X.4

Rule 12.X.2.5.b

Rule 15.11.5Y
| 15.11.5 Assessment of restricted discretionary ac
Matters of discretion Guidance on the a.ssessmem%‘é.ﬁ

‘ | ir

resource consents

What is the threshold
for the requirement?

What constitutes an
'adequate' area?

Include a trigger (i.e.
number of lots / size of
development area).

AND / OR
Provide guidance on what
constitutes 'adequate’ areas

of amenity planting and
public amenities.







Notified Policy / Rule

Issue

Potential Solutions

CHANGE D8
Policy 2.7.1.2

Objective 12.2.X {Change D1}

Policy 12.2.X.5

Rule 12.X.2.5.e

Rule 12.X.2 — general
assessment  guidance
iv.3

This assessment has
already been
undertaken in rezoning
of the land (including
placement of Transition
overlay zone or mapped
area).

Delete.




Rule 15.11.5.Y

ﬂ.cﬁw!y Matters of discretion Guidance on the assessment of
resource consents




Notified Policy / Rule Issue Potential Solutions
CHANGE F2-2 1. Potential difficulties|1. Provide a claw-back
Policy 2.2.2.Y Wlth. NDMA bglng in| mechanism whereby when
- multiple ownership — for | the developer of
Policy 2.2.2.Y - to be added {Change F2-2} example, if there is a|infrastructure in a NDMA

Enable and encourage on-site inw impact desion stormwater management ihmugﬂuuﬁéias and gssessment rules that require stormwater management
in new development mapped areas. {Change F2-2)

Delete Policy 2.2.5.2
Policy 2.7.1.2.X

Ensure areas of new urban development provide for public infrastructure networks that represent the least possible long term cost o
the public through:

|K, policies and assessment rules that require on-site stormwater management in the new development mapped area: {Change ‘
IF2-2) |
Policy 9.2.1.Y

Objective 9.2.1

Land use, development and subdivision activities maintain or enhance the efficiency and affordability of public water supply,

Policy 8.2.1.¥ Only allow subdivision activities in a new development mapped area where.
a. an on-site stormiater management system that is designed for the whole NDMA and is installed in full or
in planned stages priorto development will ensure there is no increase in the pre-development peak
“slormwater discharge rate from the site into the stormwater public infrastructure (at any point), or
b where this is not practicable, any adverse effects from-an increase in discharge on the gtpj@yat_e_f.-ggl_};[ip
‘infrastructure are no more than minoe (Change F2-2F
Policy 9.2.1.X
Palicy 9.2 Require developmentin a new development mapped area that creates impermeable surfaces to be

connected to the integrated communal on-site stormwater management system that meets Policy 8.2 1%
{Change F2-2} :

reluctant or recalcitrant

2. Requirement to install
infrastructure prior to

obtaining subdivision
consent (see  Policy
9.2.1Y and Note

'19.3.7.AAA.a). The proper

development process is
for resource consent to
be obtained prior to
installation occuring so
that all matters can be
assessed together. Focus
should be on the design
of infrastructre at this
stage of the consent /
development process.

3. Limiting the extent of
Rule 9.5.3.Z.

with multiple owners vests
that infrastructure in DCC,
DCC pays that developer for
the infrastructure (less the
developer's pro rata share)
and DCC claws-back the cost
of that infrastructure vis
development contributions
as the other land within that
NDMA comes online.

AND

Provide a mechanism
whereby the DCC can
compulsorily acquire
easements in NDMA for
new infrastructure.

AND

Delete from Rule 9.9.X.3.C
the following: ', and be
submitted along with the
written approval of all
owners of land within the
new development mapped
area unless they are the
applicant/s'.

2. Delete requirement for
infrastructure to be installed
prior to subdivision consent.

3. Add the words 'within the
subject new development




Rule 9.3.7.AA

Note 9.3.7.AAA

b.

¢ [Develooment that wil dvent surtace water max.raquire resource consent under the Otago Regional Plan: Water |
d_
 |LGeusooment aflecs e fow ofsuface wals is efed s lso ubieco e common taw ncine of naual sendude. |

mapped area' to the end of
the sentence at Rule
9.5.3.Z.a.




Rule 9.5.3.2
1953 Assessment of performance standard contraventions |

Performance standard Matters of discretion Guidance on the assessment of resource consents ‘

Rule 9.6.2.X

Activity Matters of discretion ‘Guidance for the assessment of resource consents




Special Information Requirement Rule 9.9.X







Rule 15.6.X

Rule 15.10.4.Y

Rule 15.3.4.1 Development Activity Status Table

15.6.X Service Connections - Stormwater - to be added {Change F2-2}

8. Natural Hazards Performance
Standards

b. Maximum building site coverage and
impermeable surfaces

. Setback from scheduled tree

d. Structure plan mapped area
performance standards (where
relevant)

Guidance on the assessment of resource consents




Rule 15.11.5.Y

e e e eﬂ_@ [

latters of discretion Guidance on the assessment of
resource consents




Notified Policy / Rule

Issue

Potential Solutions

CHANGE F3-2
Policy 2.7.1.2.Y

Ensure areas of new urban development provide for public infrastructure networks that represent the least possible long term costto
the publicthrough;

Policy 9.2.1.BB

Require subdivision rrmdﬁ—umi develo ameni ar summﬁed lmnu faeﬂme.s in Buecaf 2d new. dmreiomnent

Policy9.2.1 BB

asie vater fmm g future development of the entire new demm ‘area does not emeedth
'cal:ram\.r nﬂhe wasiewaied' public mfmstmdure network. {Change F3-27

Note 9.3.7.ZA General Advice

b. %ﬂm& specifiedin Rule 96.2Y, Jmma::li‘me mnnamuns mthe M@;g _;g
mﬁirumure netwuricwn nut he avar’rame diie to nemmrh eanacrw Con tr' ’mS

residential units 1s yetto be E;_p_ﬂrwed as a solution to cagﬂll‘y‘ cﬂnst;amts {Change F3-2)

Rule 9.6.2.Y
9.6.2 Assessment of restricted discretionary activities
Guidance for the assessment of resource consents

Activity Matters of discretion

1. Potential

with  NDMA being
multiple ownership — for
example, if there is / are
reluctant or recalcitrant

owner(s)
NDMA.

within

difficulties

in

the

1. Provide a claw-back
mechanism whereby when
the developer of
infrastructure in a NDMA
with multiple owners vests
that infrastructure in DCC,
DCC pays that developer for
the infrastructure (less the
developer's pro rata share)
and DCC claws-back the cost
of that infrastructure vis
development contributions
as the other land within that
NDMA comes online.

AND

Provide a mechanism
whereby the DCC can
compulsorily acquire

easements in NDMA for new
infrastructure.







Rule 9.9.Y




Rule 15.10.4.Y

Perfarmance standard

Matters of discretion

Guidance on the assessment of resource consents.

Rule 15.11.5.Z

od discretionary activities in an overlay zone, mapped area, heritage precinct or affecting a

Matters of discretion Guidance on the assessment of




Notified Policy / Rule

Issue

Potential Solutions

CHANGE F2-6
Policy 9.2.1.AA

Policy8.21.A4  Onlyallow subdivision in a new development mapped area whare any new public or private J-waters
infrastructure iz designed to connect to, and provide capacity for future urban development on adioining.or
nearby sites that are zoned for urban development, where necessary, {Change F2-6]

Rule 9.5.3.Z

9.5.3 Assessment of performance standard contraventions

FPerformance standard Matters of discretion Guidance on the assessment of resource consents

Z. Inanew a Effectiveness and iii. Only allow subdivision in 3 new development mapped area where
dev ent efficiency of stormwater T e . =
A anageIRE At AR afecks any Ro puiblic :::r-m.wate }wa_Iefs mfras?rueture is dgsmned to
- Senice of stormuwater from future connectto, and provide capacity for, future urban development an
connections - development adjoining or nearby sites that are zoned for urban development,
stormwater ' i ' . B
(Ruls 937 A& where necessary (Policy 8.2 1 A&} {Change F2-6}
{Change F2-2}
Rule 9.6.2.X

9.6.2 Assessment of restricted discretionary activities

Artivity Watters of discretian Guidance for the assessment of resaurce consents
X Inanew a. Effectiveness and lii. Omly allow subdivision in & new development mapped area where any
development efficiency of stormwater new public or private 3-waters infrastructurs is designedto connectta,
m area: management and effects and provide capacity for, future urban development on adjoimning o
s All subdivision  of stormwater from future nearby sites that are zoned for urban development, where necessary

activities development (Policy 8.2 1.AA). {Change F2-6}

{Change F2-2}

Limit the extent of Policy
9.2.1.AA and related
lower order provisions
to provision of capacity
of infrastructure within

the specific new
development  mapped
area.

Delete the words ‘'on
adjoining or nearby sites
that are zoned for urban
development' and insert the
words 'within the subject
new development mapped
area’ before 'where
necessary'.

AND

Similarly in Rule 9.5.3.Z.a.iii
delete the words ‘on
adjoining or nearby sites
that are zoned for urban
development' and insert the
words 'within the subject
new development mapped
area’ before 'where
necessary'.

AND

Similarly in Rule 9.6.2.X.a.iii
delete the words ‘on
adjoining or nearby sites
that are zoned for urban
development' and insert the
words 'within the subject
new development mapped
area’ before 'where
necessary'.
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188 North Taieri Road
Abbotsford
Dunedin 9018

Preliminary Geotechnical Assessment
188 North Taieri Road, Abbotsford, Dunedin

Dear Wendy,

In accordance with our Agreement dated 22 February 2021 we have undertaken a
preliminary engineering geological appraisal of the above property. Our appraisal has
comprised a site inspection and desktop review of existing information, relating mainly to
natural hazards and coal mining hazard.

Potential Development

We understand that you are seeking to re-zone two areas of the above property from their
existing rural land use to residential land use, i.e.

e Arealis under consideration for potential rezoning to General Residential 1 land
use (minimum lot size 500m?).

e Area 2 is under consideration for potential rezoning to Large Lot Residential 1 or
Large Lot Residential 2 land use (minimum lot size 2,000m? and 3,500 m?
respectively).

We understand that the potential rezoning has already been considered by Dunedin City
Council (DCC) for inclusion in notification of Variation 2 of the 2GP, however we understand
that the property was not shortlisted for notification based on concerns about natural
hazards on the property.

The existing property comprises approximately 511 ha of rural land (Rural Industry: Stock
Finishing). The property appears to have a long history of rural and industrial land use
including coal mining, sand/clay quarrying, farming and is currently used as a farm. The
land is generally gently to moderately-sloping with localised steep areas.

This report summarises a desktop review of readily available Council hazard mapping and a
preliminary site inspection by an engineering geologist. Not all areas of the property have
been mapped or assessed and the intent at this stage is to provide broad comment on any
potential constraints to residential land use from the geotechnical viewpoint, based on
general visual observations and preliminary interpretation only.
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CROMWELL Level 1, 70 Macandrew Road, South Dunedin association of
QUEENSTOWN PO Box 2427, South Dunedin 9044 eaiherne™
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Areas 1 and 2 are shown in Figures A & B below and in Figures 1 and 2 (appended). We
have defined areas that are unlikely to be suitable for residential land use (shown in grey)
and areas that are possibly suitable for residential land use (shown in blue and subject to
further detailed checks). All other areas appear to be relatively straightforward for
residential development.

Measurement Result
532,707.9 Sq Meters

Measurement Result
599,338.5 Sq Meters

Figure B — Location of Area 2
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Geological Setting

The geology of the Dunedin area is dominated by volcanic rock types of basaltic to
andesitic composition that were intruded through pre-existing marine sediments during
Miocene times. Extensive volcanism at that time produced lava flows and bedded
volcanoclastic materials were widely distributed by eruptions. The generalised stratigraphic
profile comprises schist at depth, overlain by a Cretaceous to Tertiary-age sequence;
initially by thin non-marine sediments and then a thick accumulation of marine sediments
including sandstones and mudstones. The volcanic rock types cross-cut these sediments
where vents were present and extensively mantle them where lava flows or volcanic ejecta
were deposited.

Area 1 is shown on published geological maps to be underlain predominantly by two rock
types, the Taratu Formation and the Abbotsford Formation. The approximate mapped
extents of these rock types is shown on Figure 1 appended. The Taratu Formation is a coal-
bearing terrestrial sedimentary rock type and the Abbotsford Formation is a fine-grained
marine siltstone.

Area 2 is shown on published geological maps to be underlain predominantly by three rock
types, the Caversham Sandstone, Burnside Mudstone and the Dunedin Volcanic Group.

Overburden soils are likely to be a combination of colluvium, loess and possibly ancient
landslide debris. Some relatively deep railway cuttings in Area 1 expose colluvium or debris
with boulders of volcanic rock, suggesting relatively deep colluvium at least locally.

Two minor faults are mapped on Area 1, however these have not been mapped as active
faults by GNS Science Ltd.

Landslide Hazard

The property generally contains numerous recognised landslides (mapped by GNS Science
Ltd), however Areas 1 and 2 are notable for being largely free of landslides, with only small
areas of mapped landslide, as follows:

Area 1 coincides with three landslides, referred to here as Landslides A, B & C.

Area 2 coincides with two landslides, referred to here as Landslides D & E.

e Landslide A (contained within Area 1) is located near a dammed pond and an area where
trees have been planted to assist with slope stability. GNS Science Ltd has mapped this as
likely certainty, probably prehistoric with unknown activity, unknown last movement and low
sensitivity. A note indicates that a dam has been constructed across landslide debris.

e Landslide B (contained within Area 1) is located towards the north-east extents of Area 1 and
is mapped as definite certainty, probably prehistoric with unknown activity, unknown last
movement and low sensitivity.

e Landslide C (contained within Area 1) is a small area of the lateral scarp region of a much
larger landslide that lies to the north of Area 1. This is mapped as likely certainty, prehistoric
with unknown activity, unknown last movement and low sensitivity.
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e Landslide D (contained within Area 2) affects Mt Grand Road and also neighbouring
property, partly coinciding with Area 2. This is mapped as possible certainty, prehistoric, with
unknown activity, unknown last movement and low sensitivity. Visual inspection confirms
upslope scarps, downslope debris with ponds and tree plantings, as well as some cracking
damage to the surface of Mt Grand Road. This may indicate that the landslide is periodically
active, however it occupies only a small part of Area 2.

e Landslide E (contained within Area 2) is a large landslide feature, with the head area
coinciding with the western corner of Area 2. The landslide is likely to be formed within
Burnside Mudstone, a rock type which is known to host several other major landslides in the
Dunedin area. This landslide is mapped as definite certainty, prehistoric with unknown
activity, unknown last movement and medium sensitivity.

We do not recommend residential development over the above areas of mapped landslide
and a sufficient setback should be nominated (based on detailed subsurface
investigations). Provisional setbacks are indicated on Figures 1 and 2 for the purposes of
preliminary planning but these may be overly conservative (subject to confirmation by
subsurface investigations). Development within these areas may be possible in the future,
but would require extensive geotechnical investigations, slope stability analysis and
possibly stabilisation works (e.g. deep drainage, significant earthworks).

Part of Area 2 coincides with Burnside Mudstone which is well known for being susceptible
to major landslide activity in some settings. Landslide E appears to be hosted by this rock
type and care will be required if residential activity is to be established over this rock type.
We recommend confirmatory subsurface investigations to more fully evaluate the extents
and characteristics of the Burnside Mudstone over the area shown in blue on Figure 2.

Area 2 also contains a geological contact that is well known in the Dunedin area as a
source of spring flow and possible triggering of landslide activity, i.e. the contact between
low permeability Caversham Sandstone and overlying fractured volcanic rock. Rainwater
infiltration through the fractures within the volcanic rock can lead to a perched
groundwater table forming on the much less permeable upper surface of the Caversham
Sandstone and spring flows often emerge where the stratigraphic contact daylights with
the ground surface. We noted extensive areas of wet surficial soils along part of the
Abbotts Hill Rd walking track and some areas of clear spring flow defined by growth of
sedges etc. Landslide D coincides with this stratigraphic contact and is likely to have been
triggered by soil saturation resulting from these types of spring flows. An important design
consideration for subdivision in this setting will be to ensure that adequate drainage is in
place to prevent saturation of proposed residential subgrades. This can usually be
accomplished by capturing and diverting the groundwater flows using deep subsoil cut-off
drains.

In general the areas underlain by Dunedin Volcanic Group and Caversham Sandstone are
likely to be straightforward for residential development (subject to test pitting
investigations) and we note that very few landslides are developed over these rock types on
site, with the exception of Landslide D where adverse groundwater conditions are likely at
the contact zone only, as discussed above. The areas of the site underlain by Abbotsford
Formation and Burnside Mudstone could potentially be more susceptible to slope
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instability, however we note that most areas of this rock type are on relatively gentle slopes
with no apparent indicators of increased vulnerability to landsliding. Large areas of
residential activity have already been successfully established on these rock types (e.g. in
Abbotsford and Green Island). The Taratu Formation is only mapped over the western
extents of Area 1, however as discussed below, this area coincides with underground coal
workings and for that reason is unlikely to be suitable for residential land use. The above
rock types are likely to be overlain by variable overburden soils that may comprise
colluvium, slopewash, loess and some localised ancient landslide debris.

Further investigation of landslide hazard will be required for any subdivision within Areas 1
and 2, however it is notable that the landslide areas are limited in extent and unlikely to
widely influence the majority of Areas 1 and 2. Test pitting and trenching is likely to be
suitable for further investigations, however some drilling may be required locally.

In addition, the north-eastern extents of Area 1 includes an area of land that is in close
proximity to landslides and should be investigated further to ensure that it is suitable for
residential use (eastern-most blue are on Figure 1). It should be noted that the exact
location of the landslides and any setbacks required should be determined by detailed
geotechnical investigations at the subdivision consent stage.

Coal Mine Hazard

The property is not shown on the DCC 2GP mapping as lying within any formally defined
land stability hazard zone with respect to historic coal mining activity, however general
hazard maps provided by DCC show that underground coal mining has previously occurred
on a minor area of the property. Compilation of historical mine records and mapping by
DSIR (A.R. Mutch 1982) has defined an area of mine workings within Area 1, as shown on
Figure C below and Figure 1 (appended). This includes annotation of features such as adits
and shafts. Isopach mapping indicates that the main worked coal seam was up to 4 m
thick, however there are no obvious data regarding the depth of the workings in this area.
Detailed mine maps held by the landowner have been supplied which show that significant
underground workings are likely to be present, however geo-referencing has not been
carried out at this stage. There is a note that some entrances may lie outside the areas
defined.

Areas known to be underlain by underground mine workings can present a hazard of
surface subsidence resulting from collapse of voids at depth and crown holes that can
propagate to the surface. Collapse of mined voids in such situations could occur under
static conditions (e.g. from decay of props and roof support capping timbers) however the
risk will likely be greater during earthquake. Any structures could therefore be at risk of
damage in this setting and safety concerns could apply if voids are present. It is possible
that most mine workings have already collapsed as the mining began in the late 1800s and
significant decay of timber supports could be expected since that time. Areas of collapse
are often evident as depressions at surface and the soils under these areas can be
disturbed by bulking.
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Figure C — Compilation of historical coal mine records by DSIR, 1982 over part of Area 1 including farm
sheds and existing dwelling.

Council are likely to be reluctant to grant consent for close residential subdivision in an
area where an undefined coal mine subsidence risk has been identified. For unrestricted
development without specific foundation design requirements, detailed site drilling would
need to be carried out to identify an absence of voids and confirm that unsuitable bulked
soils in loose condition are not present. This is unlikely to be fully successful and would in
any case be very costly. It may be possible to obtain and research full historical records of
the mining activity, however this may not enable reduction of the area currently considered
to be underlain by workings. It may however enable the eastern extents of the mined area
to be understood in greater detail with definition of a safe building area.
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The eastern extents are expected to be deepest and the coal bearing rock type (Taratu
Formation) is overlain by Abbotsford Mudstone in this area. Precedent performance
appears positive as no subsidence features were noted here. This deeper mined area
appears to have no evidence of previous crown hole collapse features based on review of
existing and early (1942 and 1947) aerial photography. In addition, the existing dwelling lies
within the hazard zone and hence residential activity has previously been considered
possible within the overall mined area.

It may therefore be possible to demonstrate that overburden thickness above the coal
seam is sufficiently thick to mitigate the potential for crown hole collapses reaching the
surface. Crown-hole subsidence is most likely to occur in areas where the coal to
overburden thickness ratio is less than 1:10. Based on preliminary assessment of
topography and the average dip angle of regional sedimentary bedding, the eastern-most
extents of the mined area may be up to 100 m deep assuming that the seam was followed
from surface. Assuming a coal seam thickness of 4 m, it is likely that the coal to
overburden thickness ratio will be less than 1:10 over much of the coal mine hazard zone
and hence high potential for crown hole collapse features at surface is only likely to apply
to part of the site. These areas are possibly suitable for residential land use and are
provisionally shown on Figure 1 (western blue area), however detailed research of coal
mine records, further analysis, cross section preparation and some drilling investigations
will be required to fully confirm suitability within this area.

We can provide further detailed investigations and analysis if the area of coal mining is to
be considered for residential use.

Liquefaction Hazard

The site has been mapped in a 2014 liquefaction hazard assessment* as belonging to
Domain A, which is predominantly underlain by rock or firm sediments; in this domain there
is little or no likelihood of damaging liquefaction occurring.

Consequently, no liquefaction hazard is expected to apply to Areas 1 and 2, however full
confirmation generally requires some subsurface investigation

Active Fault Hazard

Dunedin has traditionally been considered to have lower than average seismic activity
when compared to other areas in New Zealand, however nearby active faults are known and
strong shaking is certain to occur periodically.

Cook et al” states that the earthquake hazard in Dunedin is dominated by relatively
infrequent moderate to large earthquakes (magnitude up to My, 7.5) in eastern Otago, and

tBarrell, D.J.A,, Glassey, P.J., Cox, S.C., Smith Lyttle, B. (2014). Assessment of liquefaction hazards in the Dunedin City
district. GNS Science Consultancy Report 2014/068. 68p.

2 Cook, DRL, McCahon, IF and Yetton, MD (1993). The Earthquake Hazard in Dunedin. Study funded by EQC, Research Project
91/56.
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large to very large earthquakes in the much more seismically active Fiordland and Westland
regions.

The nearest active faults with demonstrated Late Quaternary movement history are the
Green Island Fault and the Akatore Fault. The Green Island Fault is currently considered to
be the cause of the 1974 earthquake that caused damage in Dunedin. It is mapped
approximately 7 km to the south of the subject site.

Several faults have been recorded on the ORC Natural Hazards Database as potentially
relevant to the subject site, i.e. the Dunstan North Fault, Dunstan South Fault, Alpine Fault
and Akatore Fault.

The Dunstan Faults are distant from Dunedin and not expected to constrain residential
development at this site.

The Akatore Fault is likely to be capable of generating magnitude 7.5 earthquakes in
Dunedin. Published small-scale geological mapping indicates the Akatore Fault is at least
2.5 km to the south of the subject site and hence ground rupture damage is not relevant to
this site. The Akatore Fault is indicated as ‘active’, with results from the latest
investigations by GNS Science indicating at least part of the fault last ruptured 742 to 973
years ago. Its mapped (active) fault trace is truncated 11 km southwest of the site and its
location at that point is concealed. Its continuation (mapped as inactive) passes
approximately 50 m north of the subject site. A recent paleoseismic study of the Akatore
fault found that three recent ruptures of this fault occurring in the past 15,000 years (two of
which occurred in the past 1,300 years) were preceded by a minimum 110,000 year period
of quiescence, suggesting this fault exhibits strong aperiodicity of earthquake occurrence.
The authors suggest it is prudent to assume that the relatively high rates of recent fault
activity will continue, with an estimated recurrence interval of 450-5110 years.

Other known faults that have some potential to cause strong shaking in Dunedin are the
Titri Fault and the North Taieri Fault, located roughly 1.5 km and 7 km northwest of the site,
respectively.

Strong ground shaking throughout the South Island is likely to be associated with a rupture
of the Alpine Fault, located along the West Coast of South Island. There is a high probability
an earthquake with an expected magnitude of over 7.5 will occur along the Alpine Fault
within the next 50 years.

Average return periods for shaking intensity are: MM 7 = 100 years, MM 8 = 450 years and
MM 9 = >2 500 years. The most recent major earthquake to affect Dunedin occurred in 1974
and produced damage consistent with MM 7 intensity.

A risk of seismic activity has been identified for the region as a whole and appropriate
allowance should be made for seismic loading during detailed design of the proposed
development, but there are no site-specific constraints.
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Flood Hazard

Flood hazard assessment is beyond the scope of this report, however we note from the
ORC Natural Hazards Database, that there may be some minor flood hazard associated
with the lowest lying area of the site, shown in Figure D. A hydrologist can advise further on
any mitigation required, however simple adoption of minimum floor levels may be
appropriate if required.

Figure D — Potential area of flood hazard.

Previous Land Use Considerations

We have not carried out a full review of historical land use or LIM reports etc, however we
note that parts of the property have been used for various industrial and extractive industry
land use.

As described above, part of Area 1 has been utilised for coal mining and a sand quarry was
also located elsewhere on the property. A railway line has operated on the property for the
purposes of coal and sand extraction. The remains of the railway are visible as a series of
cuttings and embankments that cross part of Area 1. Some remnants of sand processing
structures are also visible within Area 1. It is likely that some fill has been placed locally as
part of these activities and some minor localised slope instability is associated with these
fills. These industrial activities are of unknown scale, however, appear to be largely
contained within the area underlain by former coal mines.

Area 2 does not appear to have been used for major industrial activity, however we
understand from the landowner that a former owner carried out trenching for the purposes
of waste burial from freezing works industry. The full extent of the trenching/burial is not
confirmed, however these trenches are clearly visible over parts of Area 2 (see Figure 2
appended). The areas indicated on Figure 2 may need earthworks treatment or specific
foundation design for residential use.
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A water race has also been noted within Area 1.

Consequently, previous land use may result in some localised geotechnical considerations
for subdivision design and these can be advised in greater detail following detailed
subsurface investigations at the subdivision planning stage.

Summary of Geotechnical Considerations for Residential Land Use

e We recommend that at least part of the area underlain by former coal workings
should be excluded from residential land use as there is a risk of surface subsidence
and bulked soils over parts of Area 1. This area is shown provisionally on Figure 1,
based on existing hazard mapping, however further research into the mining history
may enable refining of the boundary of the workings. It may also be possible that
areas of the deepest workings (shown in blue on Figure 1) could potentially be
suitable for residential land use, as discussed above. However, further research and
investigations will be required to confirm suitable areas. We can provide further
detailed investigations and analysis if the area of known coal mining is to be
considered further for residential use.

e The areas of the five landslides described above should also be provisionally
excluded from residential land use, with adequate setbacks defined. Other minor
areas may also be susceptible to slope instability. Such areas are likely to be
relatively limited areas but could include steep slopes, fill slopes and setback areas
at the toe and crest of the known landslides. These details can be advised further
during standard geotechnical investigations at the subdivision stage, when
conceptual scheme plans are available. Development within these areas may be
possible in the future, but would require extensive geotechnical investigations, slope
stability analysis and possibly stabilisation works (e.g. deep drainage, significant
earthworks).

e Further research will be required to determine the full extent of soil disturbance from
trenching and freezing works offal burial activities within Area 2. The areas of the
most obvious trenches indicate that considerable settlement of the backfill has
occurred and that the trenches are likely to be underlain by soft uncontrolled fill and
organic soil types. Such soils are unsuitable for standard foundations, however if
trenching depths are relatively shallow, then it may be possible to remediate the
areas with earthworks (cut and fill). Piling of structures may also be possible,
however the trenched areas are likely to be prone to ongoing differential settlement
which would be generally disruptive to pavements and yard areas. Further
investigations will be required to advise on options.

e Groundwater control is likely to be necessary for parts of the site, particularly Area 2
where there is a geological contact between Caversham Sandstone and overlying
fractured volcanic rock as discussed above. An important design consideration for
subdivision in this setting will be to ensure that adequate drainage is in place to
prevent saturation of proposed downslope residential subgrades. This can usually
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be accomplished by capturing and diverting the groundwater flows using simple
deep subsoil cut-off drains, perhaps directed to existing watercourses.

e Figures 1 and 2 and the discussion above indicates that much of the area being
considered for rezone is likely to be appropriate for residential land use. The areas
of landslides and former coal mines will likely need to be specifically excluded from
residential use (unless demonstrated to be suitable) or otherwise utilised for other
purposes such as reserves.

e Standard subsurface investigations will be required to confirm geotechnical
requirements for any subdivision and residential land use within Areas 1 and 2.
Specific objectives of these investigations will include investigations to determine
appropriate setbacks, further checks to confirm limitations related to coal mines,
characterisation of the Burnside Mudstone, determination of the extent of trenching
in Area 2 and investigation of groundwater conditions in Area 2.

e Further investigation of landslide hazard will be required for any subdivision within
Areas 1 and 2, however it is notable that the landslide areas are limited in extent and
unlikely to widely influence the majority of Areas 1 and 2. Test pitting and trenching
is likely to be suitable for further investigations, however some drilling may be
required locally. Geometric design of any future subdivision earthworks should be
carried out by a land development specialist with consideration of existing
watercourses.

e Soil contamination inputs are beyond the scope of this report, however industries
such as coal mining, quarrying and burial of waste can result in contamination
which could be further assessed by environmental engineer.

» We note that there are major Council-owned water services pipes on the property as
well as a concrete reservoir. We assume that these can be adequately managed via
appropriate easements. Care will be required to ensure that potential leakage from
buried pipes is adequately managed to prevent soil saturation and potential
instability.
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Applicability

This report has been prepared for the benefit of Wendy Campbell with respect to the
particular brief given to us and it may not be relied upon in other contexts or for any other
purpose without our prior review and agreement.

We have not carried out any subsurface investigations at this early stage. This report is
intended to provide preliminary comment on likely geotechnical issues at the rezoning
application phase only.

Yours faithfully,

bt

Mark Walrond
Senior Engineering Geologist

Reviewed for GeoSolve by: Colin Macdiarmid, Senior Geotechnical Engineer

GeoSolve Limited

Appended: Figures 1 and 2
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