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Summary
This report presents a summary of the existing flood risk at the site of the New Dunedin Hospital (NDH), the
activities proposed for the Enabling Works for the construction of the NDH and an assessment of the anticipated
effect of the Enabling Works on flood risk.
The assessment addresses flood risk and the impacts on flood risk arising from the following sources of flooding:
•

Fluvial flooding, which results from spills from the main channel of the Water of Leith stream and from
the local catchment in North Dunedin.

•

Coastal flooding, which results from a combination of tidal effects (the twice daily tide cycle) and storm
surge.

Flood risk has been assessed through reference to published data and studies, the Natural Hazard Overlays of the
Dunedin City Council 2nd Generation District Plan (DCC 2GP) and through flood modelling previously undertaken
by Jacobs for the “New Dunedin Hospital - Flood Risk Assessment” study (“Jacobs Flood Risk Assessment
Study”).
The NDH site is located on low-lying land approximately 1.8 m to 2.5 m above present-day sea level and
approximately 500 m from the Otago Harbour shoreline. The site lies within the Hazard 3 (flood) and Hazard 3
(coastal) Overlays of the DCC 2GP Natural Hazard Overlays, both corresponding to a “low” risk from flooding.
The NDH will comprise three main buildings – Outpatients building, Logistics building, and Inpatients building.
The design of each of these buildings requires the installation of piled foundations. The Enabling Works for the
project comprises the pile installation together with other activities to prepare each site for construction of the
buildings.
Most of the activities proposed for the Enabling Works are at or below the existing ground level and will therefore
not increase the risk of fluvial and coastal flooding within the site or the surrounding area.
The Enabling Works activities which will impact on flood risk are:
-

Construction of enclosed raised foundation walls for the Outpatients building.
Construction of enclosed raised foundation walls and ground regrading for the Logistics building.
Excavation for the Inpatients building foundations.

Assessment of resource consent applications under the relevant DCC 2GP policies requires consideration of
whether activities in a flood hazard overlay will ensure that the risk from natural hazards will be avoided, or is no
more than low; will not have adverse effects on land instability nor create, exacerbate, or transfer risk from
natural hazards; and will not obstruct or impede flood water, unless part of approved natural hazard mitigation
activities.
Flood modelling for the Jacobs Flood Risk Assessment Study shows that with the existing stormwater
infrastructure and flood defences in the city and allowing for anticipated effects of climate change to the project
design horizon of 2090, the likelihood of flooding at the site is at least the 10% Annual Exceedance Probability
(AEP) or “1 in 10-year”. The depth of ponded water at the lowest point in the streets around the site during a
coincident rainfall and storm tide event is estimated to range from approximately 600 mm at 10% AEP (“1 in 10
year”) to 1500 mm at 0.2% AEP (“1 in 500 year”) above ground level.
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On the basis of these results the existing flood risk to the NDH site is considered to be “moderate” as defined in
the DCC 2GP (Table 11.1.2A). For the main build of the NDH, outside the scope of this assessment, this risk will
be mitigated to no more than “low” through the design floor level of the building. The Enabling Works which are
the subject of this assessment are the initial activity required to be assessed.
The impact of the Enabling Works activities on flood risk has been assessed by considering the changes in overall
flood storage volume at the project site and through flood model simulations.
The assessment shows that on completion of the Enabling Works stage of the project the activities will result in a
net increase in total flood storage volume, primarily through the excavation for the Inpatients building, for flood
events ranging from “very likely” (10% AEP) to “unlikely” (0.2% AEP) under the definitions of the DCC 2GP. As a
result, the activities will tend to reduce flood water levels around the site for a range of likelihoods.
The flood model simulation results confirm that the extent and depth of flooding outside the site will not be
increased through completion of the Enabling Works. As a result, the frequency and consequences of flooding
will not be increased and therefore the flood risk outside the site, as defined under the DCC 2GP will not be
increased through the proposed activities.
Flood risk to the site itself – prior to, during and on completion of the Enabling Works – is assessed to be
“moderate” and this needs to be considered in the implementation of the works. For more likely flood events
(10% AEP), modelling indicates that the flood water level in part of the Inpatients site will increase – by
approximately 20 mm – as a result of the Enabling Works. For all flood events considered, the water depth in the
excavated areas of the Inpatient site will increase due to lowering of the ground level. However, the
consequences of flooding within the site, and therefore the flood risk to the site and the works themselves are
considered to remain the same through completion of the Enabling Works.
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Important note about your report
The sole purpose of this report and the associated services performed by Jacobs is to report results of flood risk
modelling and assessment at the site of the proposed New Dunedin Hospital. The scope of services was developed
in consultation with the Ministry of Health (“the Client”), and it is defined in the contract agreement. A summary of
the objectives is included in Section 1 of this report. In preparing this report, Jacobs has relied upon, and presumed
accurate, any information (or confirmation of the absence thereof) provided by the Client and from other sources.
Except as otherwise stated in the report, Jacobs has not attempted to verify the accuracy or completeness of any
such information. If the information is subsequently determined to be false, inaccurate or incomplete then it is
possible that our observations and conclusions as expressed in this report may change.
Jacobs derived the data in this report from information sourced from the Client and other sources at the time or
times outlined in this report. The passage of time, manifestation of latent conditions or impacts of future events
may require further examination of the project and subsequent data analysis, and re-evaluation of the data,
findings, observations and conclusions expressed in this report. Jacobs has prepared this report in accordance
with the usual care and thoroughness of the consulting profession, for the sole purpose described above and by
reference to applicable standards, guidelines, procedures and practices at the date of issue of this report. For the
reasons outlined above, however, no other warranty or guarantee, whether expressed or implied, is made as to the
data, observations and findings expressed in this report, to the extent permitted by law.
This report should be read in full and no excerpts are to be taken as representative of the findings. No
responsibility is accepted by Jacobs for use of any part of this report in any other context.
This report has been prepared on behalf of, and for the exclusive use of, the Client, and is subject to, and issued in
accordance with, the provisions of the contract between Jacobs and the Client. Jacobs accepts no liability or
responsibility whatsoever for, or in respect of, any use of, or reliance upon, this report by any third party.
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1.

Introduction

This report presents a summary of the existing flood risk at the site of the New Dunedin Hospital (NDH), the
activities proposed for the Enabling Works stage of construction of the NDH and an assessment of the anticipated
effect of the Enabling Works on flooding.
Flood risk has been assessed through reference to published data and studies, the Natural Hazard Overlays of the
Dunedin City Council 2nd Generation District Plan and through flood modelling previously undertaken by Jacobs
for the “New Dunedin Hospital - Flood Risk Assessment” study (“Jacobs Flood Risk Assessment Study”).
The main purpose of the Jacobs Flood Risk Assessment Study was to deliver recommendations for minimum
floor levels that:
•

are intended to be suitable for use by the NDH design team for setting building floor levels,

•

have been discussed with Dunedin City Council and Otago Regional Council technical staff, to inform
them about the process and findings,

•

have been subject to independent peer review.

The scope of the study covers the assessment of flood risk to the NDH site from two sources of flooding:
•

Fluvial flooding, which results from spills from the main channel of the Water of Leith stream and from
the local catchment in North Dunedin.

•

Coastal flooding, which results from a combination of tidal effects (the twice daily tide cycle) and storm
surge.

Other sources of flooding such as flooding from a tsunami were not considered nor the effects on flood risk of
land subsidence.
For the study Jacobs developed a linked hydraulic model of the Water of Leith and the stormwater drainage
network to simulate flood events and estimate flood levels at the site. The model includes allowances for two
anticipated effects of climate change: increase in rainfall intensity; and increase in mean sea level, based on the
projected sea level rise for climate change scenario NZ RCP8.5 H+, advised in Ministry for the Environment report
ME13411.
The outcomes of the study are presented in the Jacobs report “Recommended Minimum Floor Levels”,
IZ112700-1000-CH-0002 Revision 4, 5 August 2020 and a subsequent addendum report, “Recommended
Minimum Floor Levels (Addendum)”, IZ112700-1000-CH-0003 Revision 1, 14 August 2020 which addresses
recommendations arising from peer review of the study.
The flood model developed in the study has been updated for this assessment to take account of additional
ground level survey data obtained at the site and provide updated flood hazard information.

1

Coastal Hazards and Climate Change: Guidance for Local Government, Ministry for the Environment, December 2017, ME1341.
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2.

Existing environment

2.1

Location and topography

The New Dunedin Hospital (NDH) site is located in the street blocks located between Cumberland Street, Anzac
Avenue, Hanover Street and Stuart Street. The site comprises three separate blocks – the “Cadbury Block” to the
south of St Andrew Street, the “Wilson Block” to the north of St Andrew Street and the “Bow Lane Block” between
Anzac Avenue and Castle Street. Figure 1 shows the indicative site boundaries. The Cadbury and Wilson Blocks lie
within the Dunedin CBD Edge Commercial North Zone2. The Bow Lane Block lies within the Dunedin Industrial
Zone. Figure 2 shows the ground levels in the area of the site, as measured in the Dunedin City Council LiDAR 3
survey of 2009.

Figure 1 NDH site location map

Figure 2

Ground levels around the NDH site

The site is located on low-lying ground surrounded by higher ground, approximately 500 m from the Otago
Harbour shoreline. The lowest point, at the intersection of St Andrew Street and Castle Street, is approximately
2
3

Zone as defined in the Dunedin City Council 2nd Generation District Plan
LiDAR – Light Detecting and Ranging: a surveying method used to measure ground levels by directing laser light at the ground surface from an
aircraft and measuring the reflected light with a sensor. The ground level relative to the aircraft is calculated from the time of travel and differences
in emitted and return wavelengths of the reflected light. The accuracy of the Dunedin data is reported at +/-60mm, considered sufficient accuracy
for assessing flood levels at the site and across the surrounding catchment. The data is filtered and interpolated to remove buildings and vegetation
and provide a “bare ground” model. However, the reliability of the filtering varies and ground levels at these points are usually less reliable.
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1.8 m above present day mean sea level. Ground levels to the east of the site, between the railway line and the
harbourside, are typically 1m higher than the lowest point. To the west of the site the ground rises into the City
Rise suburb and the Town Belt, reaching a level of 6 m above sea level at the intersection of St Andrew Street and
George Street, approximately 250 m west of the site boundary. To the north of the site the ground rises towards
the Water of Leith stream. To the south of the site the ground rises by around 1 m before falling towards the
harbourside at Fryatt Street. Figure 2 also shows the stormwater pipe drainage network in the vicinity of the NDH
site. Rainfall in the NDH catchment is drained by gravity through subsurface pipes which discharge to the sea at
outfalls to Otago Harbour.

2.2

Flood risk

2.2.1

General

The principal sources of flooding identified at the NDH site are:
-

The Water of Leith: during extreme flows in the stream, water may overtop the banks and flow south overland
through the city and collect in the low ground at the site.

-

Rainfall and runoff from catchments in the city centre: rain falling on catchments in the city centre is
collected by the piped stormwater drainage system – in rainfall events which exceed the capacity of the
drainage system, excess runoff flows overland or escapes the system and ponds in the area of low ground at
the site.

-

Otago Harbour: ground levels at the site are lower than storm tide levels in the harbour – storm tides can
cause flooding by impeding drainage of coincident rainfall by the stormwater system, through “tide locking”,
or cause flooding by backflow through the stormwater network or overland flow to the site.

Other potential sources of flooding include breakout of elevated groundwater, bursts from water mains, overflow
or bursts from wastewater pipes and tsunami. The risk from these sources of flooding has not been considered
further in this assessment.
2.2.2

Dunedin City Council 2nd Generation District Plan Natural Hazard Overlays

The Dunedin City Council 2nd Generation District Plan (DCC 2GP) identifies potential risks from natural hazards
through eight Natural Hazard Overlays.
The NDH site lies in two Natural Hazard Overlays, both of which are flood hazards:
•

Hazard 3 (flood) Overlay
Figure 3 shows the DCC 2GP flood hazard overlays and the indicative location of the NDH site. The site
lies in the Hazard 3 (flood) Overlay. The potential risk of the flood hazard is identified as “low” in this
overlay. The overlay is defined by the floodplain of the Water of Leith, as estimated by Otago Regional
Council from a geomorphological assessment4.

•

Hazard 3 (coastal) Overlay
Figure 4 shows the DCC 2GP coastal hazard overlay and the indicative location of the NDH site. The site
lies in the Hazard 3 (coastal) Overlay. The potential risk of the flood hazard is identified as “low” in this
overlay. The overlay is defined by land lying below the 1% Annual Exceedance Probability (AEP) storm
tide level, including a rise in mean sea level of 1m above the “present-day” (2008) level5.

4
5

Flood hazard of Dunedin’s urban streams, Review of Dunedin City District Plan: Natural Hazards, Otago Regional Council, June 2014
Coastal hazards of the Dunedin City District, Review of Dunedin City District Plan—Natural Hazards, Otago Regional Council, June 2014
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Wilson Block
Bow Lane Block

Cadbury Block

Figure 3 Dunedin City Council 2nd Generation District Plan: Natural Hazards Overlay (flood)
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Wilson Block
Bow Lane Block

Cadbury Block

Figure 4 Dunedin City Council 2nd Generation District Plan: Natural Hazards Overlay (coastal)
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In the DCC 2GP the risk from natural hazards is defined as “the likelihood of a natural hazard event occurring, in
combination with the potential adverse consequences of that event.”
Table 11.1.2A of the DCC 2GP, reproduced as Table 1 below, defines risk ratings for combinations of likelihood of
occurrence and severity of the consequence of occurrence.
Table 1 DCC 2GP Table 11.1.2A “Risk Guidance”
Likelihood

Minor
consequences

Moderate
consequences

Major
consequences

Very likely (less than 1:50 (1 in 50 year event) or annual
exceedance probability (AEP) 2% or more)

Low to Moderate
risk

Moderate to High
risk

High risk

Moderately likely (1:50 - 1:200 or AEP range 0.5% to 2%)

Low risk

Moderate risk

High risk

Unlikely (1:200 - 1:500 or AEP range 0.2% to 0.5%)

Low risk

Low risk

Moderate risk

Very unlikely (1:500 to 1:2500 or AEP range 0.04% to 0.2%)

Very low risk

Low risk

Moderate risk

Very low risk

Low risk

Extremely unlikely (more than 1: 2500 or AEP 0.04% or less) Very low risk

For the purposes of the natural hazards provisions of the DCC 2GP, the severity of the consequences as a result of
a natural hazard event are as defined in Table 2.
Table 2 DCC 2GP definition of severity of consequences resulting from a natural hazard event
Minor consequences

Moderate consequences

Major consequences

Includes:
- limited property damage that
may be repairable without
access to insurance, such as
cracks in walls or wet
foundations
- minor, non-life-threatening
injuries
- localised (rather than districtwide) economic impact; and
- restricted site access to a site
for no more than 2 days due
to flood waters, but where safe
access is still possible on foot.

At least 2 of the following outcomes:
- serious structural damage to
property, which is costly, but still
repairable, where access to
insurance is almost always
necessary to fix damage
- a potential for significant injury
- physical isolation on-site for more
than 2 days at a time
- potential for economic impact
that may be felt at a district-wide
scale; and
- some reliance on civil defence.

At least 2 of the following outcomes:
- significant property or asset damage or
loss, including structural damage that is
extensive and so severe that it may lead
to a property being abandoned or an
asset requiring complete replacement
- a likely potential for long term
displacement, deaths or serious injuries
- potential for significant effects to be felt
over a wider area, including public health
issues
- potential for economic impact to be felt
at a regional scale; and
- significant civil defence assistance being
required, including temporary shelter or
evacuation.
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2.2.3

Flood modelling results

The risks from natural hazards presented in the DCC 2GP Natural Hazard Overlays, including flood hazard,
provide a high-level indication of the areas at risk from these hazards. The DCC 2GP recommends that local, site
specific assessments are made for individual planning proposals.
The Jacobs Flood Risk Assessment Study has assessed the flood risk to the NDH site in more detail using a flood
model of the catchment. The model has been used to simulate flooding at the site for events of three likelihoods
of occurrence – 10% AEP, 1% AEP and 0.2% AEP (“1 in 10 year”, “1 in 100 year” and “1 in 500 year”) –
corresponding to “very likely”, “moderately likely” and “unlikely” in the DCC 2GP guidance.
In each case, the combined flooding due to coincident rainfall and storm tide events of the same likelihood has
been simulated. The simulations include allowances for anticipated increases in rainfall intensity and mean sea
level resulting from climate change to the year 2090, the anticipated design life of the NDH, based on the
projected sea level rise for climate change scenario NZ RCP8.5 H+, advised in Ministry for the Environment report
ME1341.
Further details of the model and the simulations are provided in the main study report6. The model results
presented in this assessment report have been obtained from new simulations of the three flood events using the
model described in the addendum report to the study7, incorporating peer review recommendations. For this
report the model has been further updated, to take account of additional ground level survey data obtained at
the site.
For simulation of flooding in the existing environment, the model has been configured to reflect conditions at the
site prior to commencement of the Enabling Works, following demolition of the existing buildings. Ground levels
in the model are generally based on the filtered 2009 LiDAR survey, which represents the “bare earth” ground
level and does not specifically including building floor levels.
The model ground levels have been modified locally, as shown in Figure 5,
i)

within the building footprints in the street blocks immediately surrounding the NDH the model
ground levels have been raised above the LiDAR ground levels by 300 mm (a typical floor height) to
allow for the potential effects of raised floors in neighbouring buildings on flood level at the site; and

ii)

within the NDH site the model ground levels have been adjusted to reflect typical surveyed levels8 of
the floor slabs to the original buildings, retained during demolition of the buildings.

“Recommended Minimum Floor Levels”, IZ112700-1000-CH-0002 Revision 4, Jacobs, 5 August 2020
“Recommended Minimum Floor Levels (Addendum)”, IZ112700-1000-CH-0003 Revision 1, Jacobs, 14 August 2020
8 New Dunedin Hospital Property and Building Survey Services, Deliverable 11 - Variation 12 Additional Surveys, Topographical Survey and Floor
Levels, Project No. 6-CM537.00, WSP, October 2020; New Dunedin Hospital Wilson Block Post Demolition, Topographical Survey, Project No. 6CM537.00, WSP, May 2021
6
7
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Figure 5 Location of building footprints and floor slabs where model ground levels have been raised to typical
surveyed levels
Figures 6 to 8 show the maximum model flood depths for each of the events simulated.
The model results have been compared to the flood risk guidance in the DCC 2GP as follows, noting that model
flood depths are based on current (post demolition) conditions at the NDH site and include allowances for the
effect of climate change:
-

-

-

For the 10% AEP flood (“very likely”) the model water depths are generally shallow – less than 300 mm
above ground level over most of the CBD area. However, water depths around the site are deeper –
400 mm to 600 mm above ground level along St Andrew Street between Cumberland Street and Castle
Street. For a typical floor level of 300 mm above adjacent ground level the consequences of flooding in
and around the NDH site in this event are likely to be classified as “minor” such that the flood risk is “low
to moderate” at the site for this event.
For the 1% AEP flood (“moderately likely”), water depths around the NDH site are typically 750 mm to
1000 mm. Consequences of flooding in this event for a typical floor level of 300 mm above ground level
are likely to be “moderate” such that the overall risk is “moderate” for this event.
For the 0.2% AEP flood (“unlikely”), water depths around the NDH site are typically 1000mm to
1500mm. Consequences of flooding in this event for a typical floor level of 300mm above ground level
are likely to be “major” such that the overall risk is “moderate” for this event.

Considering the worst potential risk level over the range of flood likelihoods simulated, the flood model results
indicate that the overall existing potential flood risk to the NDH site and the surrounding area is “moderate”.
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Figure 6 Maximum model flood depths: Existing environment, 10% AEP flood (“1 in 10 year”), 2090 climate
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Figure 7 Maximum model flood depths: Existing environment, 1% AEP flood (“1 in 100 year”), 2090 climate
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Figure 8 Maximum model flood depths: Existing environment, 0.2% AEP flood (“1 in 500 year”), 2090 climate
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3.

Proposed activity

The NDH will comprise three main buildings as shown in the location plan in Figure 9:
-

Outpatients building, located in the Wilson Block,

-

Logistics building, located in the Bow Lane Block

-

Inpatients building, located in the Cadbury Block.

Figure 9 Location of NDH buildings (extract of Warren and Mahoney drawing WAM-DWD-110-AR-02-1001)
The design of each of these buildings requires the installation of piled foundations.
The Enabling Works for the project comprises the pile installation together with other activities to prepare each
site for construction of the buildings.
The main activities proposed under the Enabling Works for each of the building sites are summarised in Sections
3.1 to 3.3 of this report. A detailed description of the Enabling Works activities is provided in the “New Dunedin
Hospital – Inground works consent method statement” (Ceres Environmental) and further design details are
provided in the architectural, structural and civil design drawings for the project.

IZ112700-1000-CH-005
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3.1

Outpatients building

The Enabling Works for the Outpatients building will consist of the following main activities, shown schematically
in Figures 10, 11 and 12 (refer to original design drawings for further details):
i.

Breaking out and removal of the existing slab at the location of the pile caps, ground beams and
foundation walls.

ii.

Removal of in-ground obstructions at pile locations.

iii.

Excavation for pile caps, ground beams and foundation walls.

iv.

Installation of bottom driven steel tube piles.

v.

Construction of the pile caps and ground beams up to existing slab level.

vi.

Construction of upstand foundation walls to the L-00 floor underside level. The walls will form an
enclosed matrix of cells over the building footprint.

vii.

Filling of sub-floor void withing the foundation walls with non-engineered fill sourced from the
Inpatients building excavation spoil (estimated quantity 2500 m3 to 3000 m3).

viii.

Installation of bored piles and pile caps up to existing paving level for the foundations of the two St
Andrew Street link bridges.

ix.

Removal of existing building slab and hardstand around the perimeter of the site.

Excavated material will be temporarily stockpiled on-site prior to disposal off-site. Excavations will be dewatered
by pumping, as required, to maintain dry conditions in the excavated areas.
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CUMBERLAND STREET

ST ANDREW STREET

REMOVAL OF SLAB AND HARDSTAND
EXCAVATION FOR PILE CAPS
AND GROUND BEAMS

FILLING WITH SPOIL FROM
INPATIENTS EXCAVATION

LINK BRIDGE
PILED
FOUNDATIONS

SECTION 4 ALONG
UPSTAND WALL
(see Figure 11)

CASTLE STREET
Figure 10
Plan of Enabling Works Earthworks for Outpatients building (annotated extract of WSP drawing WSPDWD-0112-C-80-0360 Rev C)
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UPSTAND FOUNDATION WALLS

EXISTING SLAB LEVEL 102.4 mOMD TYPICAL

EXCAVATION FOR PILE CAPS AND GROUND BEAMS

L-00 FLOOR LEVEL 103.82 mOMD

FILL WITH SPOIL FROM INPATIENTS EXCAVATION

Figure 11
Section 4 through upstand foundation walls for Enabling Works Earthworks for Outpatients building
(annotated extract of WSP drawing WSP-DWD-0112-C-80-0381 Rev B) see Figure 10 for location
PILES
FOUNDATION WALLS

Figure 12
Layout Plan of Enabling Works Foundation Walls and Piles for Outpatients building (extract of
Holmes drawing HCG-DWD-112-ST-10-001 Rev D)
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3.2

Logistics building

The Enabling Works for the Logistics building will consist of the following main activities, shown schematically in
Figures 13 and 14 (refer to original design drawings for further details):
i.

Breaking out and removal of the existing slab at the location of the pile caps, ground beams and
foundation walls.

ii.

Removal of in-ground obstructions at pile locations.

iii.

Excavation for pile caps, ground beams and foundation walls.

iv.

Installation of bottom driven steel tube piles.

v.

Construction of pile caps and ground beams up to existing paving level.

vi.

Construction of upstand foundation walls to the L-00 floor underside level. The walls will form an
enclosed matrix of cells over the building footprint.

vii.

Installation of bored piles and pile caps up to existing paving level for the foundations of the Castle
Street link bridge foundations.

viii.

Minor regrading of ground levels within the site around the building foundations.

Excavated material will be temporarily stockpiled prior to disposal off-site. Excavations will be dewatered by
pumping as required to maintain dry conditions.
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LINK BRIDGE PILED FOUNDATIONS

EXCAVATION FOR
PILE CAPS AND
GROUND BEAMS

FOUNDATION
UPSTAND WALLS

GROUND BEAMS

Figure 13
Layout Plan of Enabling Works Piles and Ground Beams for Logistics building (annotated extract of
Holmes drawing HCG-DWD-113-ST-10-001 Rev B)
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AREAS OF FILLLING
FOR REGRADING

AREAS OF CUT
FOR REGRADING

Figure 14
Layout Plan of Enabling Works Earthworks for ground regrading for Logistics building (annotated
extract of Holmes drawing 138817.53 C21-01 Rev A)
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3.3

Inpatients building

The Enabling Works for the Inpatients building will consist of the following main activities (refer to original
design drawings for further details):
i.

Breaking out and removal of the existing slabs over the area where excavation is required.

ii.

Excavation of contaminated subgrade to required reduced design ground level as shown
schematically in Figure 15, with installation of sheet pile excavation support where required.

iii.

Installation of a working platform comprising geotextile, polythene sheeting, aggregate and
subsurface drainage over excavated area, below existing slab level.

iv.

Removal of in-ground obstructions at pile locations.

v.

Installation of bottom driven steel tube piles.

vi.

Construction of pile caps.

vii.

Removal of existing building slab and hardstand and reinstatement to existing ground level around
the perimeter of the site.

Excavated material will be temporarily stockpiled prior to disposal. It is anticipated that 2500 m3 to 3000 m3 of
the material will be disposed of in the sub-floor void of the Outpatients building with the remainder disposed offsite. Excavations will be dewatered by pumping as required to maintain dry conditions.
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KEY
Excavated
areas
Proposed
subgrade
level

Figure 15
Proposed subgrade levels for Enabling Works excavations for the Inpatients building (annotated extract of WSP drawing WSP-DWD-0111-C-800351_EWC Rev C)
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4.

Flood impact assessment

The impact of the Enabling Works activities on flood risk is assessed individually for the activities at each of the
three building sites in Section 4.1 of this report through reference to the model flood extents and depths for the
existing environment presented in Section 2.2 of this report. The cumulative effect of activities at each site which
may affect flood risk in and around the site is assessed in Section 4.2 of this report.

4.1

Individual building sites

4.1.1

Outpatients building

Existing flood levels
The model results presented in Figures 6 to 8 show that the entire Outpatients building site is currently at risk of
flooding for all the probabilities considered. The maximum model water levels in the site are detailed in Table 3.
Table 3 Model flood levels – Outpatients building site, existing condition

1

Probability of flooding (AEP)

Likelihood (DCC 2GP)

Maximum water level1 (m OMD)

10%

Very likely

102.50

1%

Moderately likely

103.01

0.2%

Unlikely

103.28

Model simulations and flood levels include an allowance for the effects of future climate change

Typical levels of the existing slabs are between 102.3 m OMD and 102.4 m OMD. Depth of flooding in more
likely events will be shallow – e.g. 100 mm to 200 mm – increasing to around 1000 mm in less likely events.
Preparatory activities
The activities to prepare for installation of the piles and ground beams (breaking out and removal of the existing
slab at the location of the pile caps, ground beams and foundation walls; removal of in-ground obstructions at
pile locations; excavation for pile caps, ground beams and foundation walls) will result in lowering of ground
levels locally at the site. These excavations will be dewatered as required. As a result, these activities will
temporarily create additional flood storage volume which will not adversely affect flood water levels.
Excavated material will be temporarily stockpiled on the site before being disposed of off-site. The volume of this
temporary filling of material in the site will be small and will be largely offset by the additional flood storage
volume created in the excavations. Backfilling of the excavations, through construction of the pile caps, ground
beams and foundation walls, will occur after disposal of the stockpiled material.
In this way these activities will not have an adverse impact on flood risk at the site or in the surrounding area.
Piling
The steel tube piles will be installed below the existing ground surface. This method of piling does not generate
spoil and therefore this activity will not have an adverse impact on flood risk. Spoil from the bored piles for the
link bridges will be held temporarily in a skip before being disposed of off-site and the concrete pile will be
formed below the existing ground surface so that this activity will not have an adverse impact on flood risk.
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Pile caps and beams
The pile caps and ground beams will be constructed within the excavations, to no higher than the existing slab
level, and will not have an adverse impact on flood risk.
Upstand foundation walls and filling of sub-floor void
The upstand foundation walls will be constructed to the underside level of the L-00 floor which has a finished
level of 103.82 mOMD, above the highest flood water level considered (0.2% AEP). The walls will form enclosed
“cells” which will subsequently be filled with spoil from excavations in the Inpatients building site. Filling will not
extend above the top of the foundation walls. The walls will reduce the flood storage volume available at the site
for all flood events considered in this assessment and this may increase the extent and depth of flooding around
the NDH site. The effect of the loss of flood storage volume on flood risk is assessed further in Section 4.2 of this
report.
Removal of existing building slab and hardstand around the perimeter of the site
Removal of the slab and hardstand will result in lowering of ground levels locally at the site. Spoil will be
temporarily stockpiled on the site before being disposed of off-site. The volume of the temporary filling of
material in the site will be small and will be offset by the volume created through removal of the slab and
hardstand. Overall, these activities will create additional flood storage volume which will not adversely affect
flood water levels. The change in storage volume is included in the assessment in Section 4.2 of this report.
4.1.2

Logistics building

Existing flood levels
The model results presented in Figures 6 to 8 show that the entire Logistics building site is at risk of flooding for
all the probabilities considered. The maximum model water levels in the site are detailed in Table 3.
Table 6 Model flood levels – Logistics building site, existing condition

1

Probability of flooding (AEP)

Likelihood (DCC 2GP)

Maximum water level1 (m OMD)

10%

Very likely

102.50

1%

Moderately likely

103.01

0.2%

Unlikely

103.28

Model simulations and flood levels include an allowance for the effects of future climate change

Typical existing pavement level in the site is around 102.4 m OMD. Depth of flooding in more likely events will
be shallow – e.g. around 100 mm – increasing to around 900 mm in less likely events.
Preparatory activities
The activities to prepare for installation of the piles and ground beams (breaking out and removal of the existing
pavement at the location of the pile caps, ground beams and foundation walls; removal of in-ground
obstructions at pile locations; excavation for pile caps, ground beams and foundation walls) will result in lowering
of ground levels locally at the site. These excavations will be dewatered as required. As a result, these activities
will temporarily create additional flood storage volume which will not adversely affect flood water levels.
Excavated material will be temporarily stockpiled on the site before being disposed of off-site. The volume of this
temporary filling of material in the site will be small and will be largely offset by the additional flood storage
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volume created in the excavations. Backfilling of the excavations, through construction of the pile caps, ground
beams and foundation walls, will occur after disposal of the stockpiled material.
In this way these activities will have no adverse impact on flood risk at the site or in the surrounding area.
Piling
The steel tube piles will be installed below the existing ground surface. This method of piling does not generate
spoil and therefore this activity will have no adverse impact on flood risk. Spoil from the bored piles for the link
bridges will be held temporarily in a skip before being disposed of off-site and the concrete pile will be formed
below the existing ground surface so that this activity will not have an adverse impact on flood risk.
Pile caps and beams
The pile caps and ground beams will be constructed within the excavations, up to the existing slab level, and will
have no adverse impact on flood risk.
Upstand foundation walls
The upstand foundation walls will be constructed to the underside level of the L-00 floor which has a finished
level of 103.82 mOMD, above the highest flood water level considered (0.2% AEP). The walls will form enclosed
“cells” which will reduce the flood storage volume available at the site for all flood events considered in this
assessment and this may increase the extent and depth of flooding around the NDH site. The effect of the loss of
flood storage volume on flood risk is assessed further in Section 4.2 of this report.
Minor regrading of ground levels
Regrading will include both shallow excavation and shallow filling of the existing ground surface outside of the
building foundation footprint. The changes in ground level are typically within 100-200 mm of the existing level.
The estimated total volume of excavation exceeds the volume of filling such that this activity will increase the
flood storage volume at the site and will not adversely impact flood risk. The change in storage volume is
included in the assessment in Section 4.2 of this report.
4.1.3

Inpatients building

Existing flood levels
The model results presented in Figures 6 to 8 show that around half of the Inpatients building site is at risk of
flooding in the most likely probability of flooding considered (10% AEP) and that the whole site is at risk of
flooding for the other probabilities considered. The maximum model water levels in the site are detailed in
Table 6.
Table 6 Model flood levels – Inpatients building site, existing condition

1

Probability of flooding (AEP)

Likelihood (DCC 2GP)

Maximum water level1 (m OMD)

10%

Very likely

102.50 to 102.80

1%

Moderately likely

103.01

0.2%

Unlikely

103.28

Model simulations and flood levels include an allowance for the effects of future climate change
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Existing pavement and flood slab levels in the site vary from around 102.0 m OMD to 103.3 m OMD. Depth of
flooding in more likely events will be around 200 mm to 500 mm, increasing to over 1000 mm in less likely
events.
Preparatory activities
The activities to prepare for excavations and installation of the piles (breaking out and removal of the existing
slabs) will result in lowering of ground levels locally over the building footprint. This will create additional flood
storage volume which will not adversely affect flood risk.
Excavation of subgrade and disposal of spoil
Excavation of the subgrade material will reduce ground levels within the footprint of the new building. These
excavations will be dewatered as required to maintain dry conditions in the excavations. As a result, these
activities will create additional flood storage volume at the site.
In some locations the excavations will be temporarily supported by sheet-pile walls. These walls will project
above the existing slab level. However, the sheet-pile walls will only support part of the excavation which will
otherwise be open to flood water and the walls will therefore not displace flood volume.
Excavated material will be temporarily stockpiled on the site before being disposed of off-site. The volume of this
temporary filling of material in the site will be offset by the additional flood storage volume created in the
excavations.
In this way these activities will have no adverse impact on flood risk at the site or in the surrounding area and the
excavation will temporarily provide additional flood storage volume at the site.
Approximately 2500 m3 to 3000 m3of the spoil from excavation at the Inpatients site will be disposed of through
filling of the sub-floor void at the Outpatients site, contained within the upstand foundation walls.
The effect of the excavations on flood risk is assessed further in Section 4.2 of this report.
Working platform
The temporary working platform will be constructed within the excavated area, below existing slab level and
therefore will not displace existing flood storage volume or have an adverse effect on flood risk.
Removal of obstructions and pile excavation
Removal of in-ground obstructions at pile locations will result in lowering of ground levels locally at the site.
These excavations will be dewatered as required. As a result, these activities will temporarily create additional
flood storage volume which will not adversely affect flood risk.
Piling
The piles will be installed below the existing ground surface and will not adversely affect flood risk.
Pile caps
The pile caps will be constructed within the excavations, below existing slab level, and will not have an adverse
impact on flood risk.
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Removal of existing building slab and hardstand and reinstatement to existing ground levels around the
perimeter of the site
Removal of the slab and hardstand will result in a temporary lowering of ground levels locally at the site. Spoil
will be temporarily stockpiled on the site before being disposed of off-site. The volume of the temporary filling of
material in the site will be small and will be offset by the volume created through removal of the slab and
hardstand. The area will then be reinstated to existing ground levels with engineered backfill so that there will be
no net change in ground levels and therefore no adverse effect on flood water levels.

4.2

Assessment of combined impacts

The Enabling Works activities which are considered to impact on flood risk are:
-

Construction of enclosed raised foundation walls for the Outpatients building.

-

Construction of enclosed raised foundation walls and ground regrading for the Logistics building.

-

Excavation for the Inpatients building foundations.

Assessment of resource consent applications under the relevant 2GP polices requires consideration of whether
activities in a flood hazard overlay will ensure that the risk from natural hazards will be avoided, or is no more
than low; will not have adverse effects on land instability nor create, exacerbate, or transfer risk from natural
hazards; and will not obstruct or impede flood water, unless part of approved natural hazard mitigation activities.
The existing flood risk to the NDH site is considered to be “moderate” (Section 2 of this report). For the main
build of the NDH, outside the scope of this assessment, this risk will be mitigated to no more than “low” through
the design floor level of the building. The Enabling Works which are the subject of this assessment are the initial
activity required to provide this mitigation.
The impact of the Enabling Works activities on flood risk has been assessed by considering the changes in overall
flood storage volume at the project site and through flood model simulations.
Table 5 presents the estimated volume of flood storage lost through construction of the raised foundation walls
at the Outpatients and Logistics building sites; the volume of additional flood storage created through regrading
at the Logistics building site, excavation at the Inpatients building site and local removal of slabs and hardstand
around the Outpatient site perimeters; and, the net change in flood storage volume over the project area for
three likelihoods of flooding.
For each likelihood of flooding considered, the Enabling Works activities will result in a net increase in flood
storage volume because of the excavation for the foundations of the Inpatients building. As a result, the
combined activities for the three sites are unlikely to have an adverse impact on flood hazard in the area and will
tend to reduce flood water levels around the site for a range of likelihoods.
The excavation volume for the Inpatients building presented in Table 5 is based on sheet pile support for most of
the excavated area. The extent of the sheet pile support will be determined during the developed design stage.
The excavation volume, and so the net increase in flood storage volume, may increase from the values in Table 5
if the extent to which batter slope supports are adopted instead of sheet piles increases, tending to further
reduce flood levels.
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Table 5 Changes in flood storage volume due to Enabling Works
Probability of flooding (AEP)

10%

1%

0.2%

Likelihood (DCC 2GP)

Very likely

Moderately likely

Unlikely

Outpatients building foundations (raised)2

-420

-2,320

-3,330

Outpatients building slab and hardstand removal3

+384

+384

+384

Logistics building foundations (raised)2

-220

-1,340

-1,930

Logistics building site area regrading4

+96

+96

+96

Inpatients building foundations (excavated)
including slab and hardstand removal5

+25,687

+25,687

+25,687

+25,527

+22,507

Change1 in flood
storage volume at
each site (m3)

Net change1 in flood storage volume (m3)

+20,907

Positive value indicates an increase in flood storage volume, negative value indicates a reduction in flood storage volume; Calculated
from existing environment flood depth and estimated footprint area of foundations; 3 Calculated from area shown on drawing WSP-DWD0112 C-80-0360_EWC Rev C and estimated slab and hardstand thickness of 600 mm; 4 Net cut volume below existing ground level
(Drawing 138817.53 C21-01 Rev A); 5 Net cut volume below existing ground level (Drawings WSP-DWD-0111 C-80-0350_EWC Rev C,
WSP-DWD-0111 C-80-0360_EWC Rev C)
1

2

The combined impact of these activities for both “very likely” events (10% AEP) and “unlikely” events (0.2% AEP)
has also been assessed using the flood model. The model has been configured to include the activities which will
most affect flooding: exclusion of flood water over the footprint of the foundation wall cells at the Outpatients
and Logistics building sites and reduction in ground levels at the Inpatients building site. Smaller scale activities –
minor ground recontouring in the Logistics building site and removal of slabs and hardstand along the perimeter
of the Outpatients site – which will have only a small effect on flooding and will tend to reduce flood levels
through providing additional storage have not been included in the model.
Figures 16 and 17 compare the maximum extent of flooding with the Enabling Works completed with that for
the existing environment. Figures 18 and 19 show the difference between the maximum flood depths with the
Enabling Works completed with those for the existing environment.
The model results show that the effect of the Enabling Works is greater in more frequent flood events (e.g. 10%
AEP) where the increase in flood storage volume is greater and is larger relative to the overall flood volume. For
both events simulated, the extent of flooding with the Enabling Works completed is less than for the existing
environment. Flood depths in the area around the site are also reduced – by up to around 230 mm for the 10%
AEP event and up to around 25 mm for the 0.2% AEP event.
For the 10% AEP event, flood water levels and depths are increased by up to around 20 mm over a small area
within the Inpatients site. This is a result of the reduction in ground levels adjacent to Cumberland Street which
increases the overland flow into the site between Cumberland Street and Castle Street. For all flood events, the
water depth in the excavated areas of the Inpatient site will increase due to lowering of the ground level. Flood
depths outside the Inpatients site are not increased.
Since the extent and depth of flooding outside the site will not be increased through completion of the Enabling
Works, the frequency and consequences of flooding will also not be increased and therefore the flood risk, as
defined under the DCC 2GP (Table 1 of this report), will not be increased. Although the depth of flooding will be
locally increased in some parts of the Inpatients site through lowering of ground levels, the consequences of
flooding within the site, and therefore the flood risk (“moderate”), are considered to remain unchanged through
completion of the Enabling Works.
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Figure 16

Effect of Enabling Works on flood extent (10% AEP)
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Figure 17

Effect of Enabling Works on flood extent (0.2% AEP)
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Figure 18

Effect of Enabling Works on flood depths (10% AEP)
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Figure 19

Effect of Enabling Works on flood depths (0.2% AEP)
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5.

Conclusions

The existing flood risk at the site of the Enabling Works for the NDH is assessed as “moderate” under the
definitions of the DCC 2GP. The Enabling Works which are the subject of this assessment are the initial activity
required to mitigate the flood risk to the main build for the NDH to no more than “low”.
Most of the activities proposed for the Enabling Works at each of the NDH building sites – Outpatients building,
Logistics building and Inpatients building – are below the existing ground level and will therefore not increase
flood risk from surface water within the site or the surrounding area.
Enabling Works activities which will potentially impact on flood risk are as follows:
-

Construction of enclosed raised foundation walls for the Outpatients building.

-

Construction of enclosed raised foundation walls and ground regrading for the Logistics building.

-

Excavation for the Inpatients building foundations.

The combined impact of these activities on flood risk has been assessed by considering the changes in overall
flood storage volume at the project site. The activities will result in a net increase in flood storage volume for
flood events ranging from “very likely” (10% AEP) to “unlikely” (0.2% AEP) under the definitions of the DCC 2GP.
As a result, these activities are unlikely to have an adverse impact on flooding in the area and will tend to reduce
flood water levels around the site for a range of likelihoods.
The impact of these activities has also been assessed through flood model simulations. The model results
confirm that the extent and depth of flooding outside the site are not increased through completion of the
Enabling Works. As a result, the frequency and consequences of flooding will not be increased and therefore the
flood risk, as defined under the DCC 2GP (Table 1 of this report) will not be increased.
Flood risk to the site itself – prior to, during and on completion of the Enabling Works – is assessed to be
“moderate” and this needs to be considered in the implementation of the works. For more likely flood events
(10% AEP), modelling indicates that the flood water level in part of the Inpatients site will increase – by
approximately 20 mm – as a result of the Enabling Works. For all flood events considered, the water depth in the
excavated areas of the Inpatient site will increase due to lowering of the ground level. However, the
consequences of flooding within the site, and therefore the flood risk to the site and the works themselves are
considered to remain the same through completion of the Enabling Works.
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