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Summary
This report presents an assessment of the existing flood risk to the site of the proposed Outpatients Building for
the New Dunedin Hospital (NDH) and the activities proposed for the Outpatients Building works. This includes an
assessment of the flood risk to the Outpatients Building and of the anticipated effects of the Outpatients Building
works on flood risk outside the NDH.
1. Site and proposed activity
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 Outpatients Building will be located in the “Wilson
Block” of the site – bounded by St Andrew Street, Cumberland Street and Castle Street. The site lies within the
Hazard 3 (flood) and Hazard 3 (coastal) Overlays of the Dunedin City Council 2nd Generation District Plan (DCC
2GP) Natural Hazard Overlays and in both of which the risk from flooding is defined as a “low”.
Enabling Works for the NDH were granted consent in December 2021. Those works include construction of the
raised foundations for the Outpatients Building and form part of the existing environment for this assessment of
the proposed activity.
The proposed Outpatients Building works comprise construction of the building itself, on the consented
foundations, together with a raised car park, landscaping, and service access around the building. Vehicle ramps
and pedestrian ramps and steps will provide access to the building and car park from street level.
2. Assessment requirements
This assessment addresses the following planning requirements relating to flood hazards:
▪

Dunedin City Council 2nd Generation District Plan (DCC 2GP)

The proposed works include filling above ground level around the consented building foundations.
Assessment of resource consent applications under the relevant DCC 2GP assessment matters requires
consideration of whether earthworks activities in a hazard overlay – in this case the filling around the
building – will ensure that the risk from natural hazards will be avoided or is no more than low and will not
obstruct, impede or redirect flood water.
▪

COVID-19 Recovery (Fast-track Consenting) Referred Projects Order 2020

The referred project order requires the provision of:
“a flood-hazard assessment, including modelling and analysis of the effects and mitigation of floodwater
within the project site and displaced because of the project, with particular consideration of—
(i) how the climate-change scenario used for modelling aligns with Coastal Hazards and Climate Change:
Guidance for Local Government (Ministry for the Environment, December 2017, ME1341); and
(ii) how the hospital would operate during flood events or flooding of the surrounding streets.”
3. Flood hazard assessment
This 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
pluvial flooding from the local catchment in North Dunedin.

▪

Coastal flooding, which results from a combination of the twice daily tide cycle and storm surge.
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Flood risk has been assessed through reference to published data and studies and the Natural Hazard Overlays of
the DCC 2GP, to flood modelling previously undertaken by Jacobs for the “New Dunedin Hospital - Flood Risk
Assessment” study (“Jacobs Flood Risk Assessment Study”), modelling undertaken for the consent application
for the Enabling Works for the NDH project (“Enabling Works Flood Impact Assessment”) and through additional
modelling of the proposed arrangement of the Outpatients Building works.
a)

Existing flood risk

Flood modelling 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 maximum
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 approximately
1500 mm at 0.2% AEP (“1 in 500 year”) above ground level.
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).
b)

Flood risk to the proposed activity

The design of the Outpatients Building will mitigate the flood risk to the building to no more than “low”, primarily
through a raised floor level. Essential services, such as power and oxygen will also be located above flood level
and emergency response procedures for flood events will be included in the building management system.
Modelling of the proposed works shows that flooding of the Outpatient Building from a simultaneous fluvial and
coastal flood event is avoided for the 0.2% AEP and for more frequent events. Allowing for the effects of climate
change, the modelled freeboard to the design floor level is between 540 mm and 560 mm above the 0.2% AEP
water level. Access to the Outpatients Building by normal means will not be possible during larger flood events.
In more likely flood events (e.g., 10% AEP), the Outpatients Building will be accessible by large 4WD vehicles1
from public roads by making use of the service entrance. In more extreme events (0.2% AEP), vehicle access will
not be possible.
It is understood that Southern District Health Board (SDHB), who will operate the site, will establish an adverse
weather emergency response plan for the site which will include response procedures for flood events. The
Outpatients Building will not be essential to SDHB service delivery and the activities that will occur there will be,
for the most part, deferable or could be undertaken in an alternative location. It is understood that in an extreme
flood event (e.g., 0.2% AEP) the Outpatients Building would be closed and that as far as possible, closure would
occur ahead of an event, subject to sufficient warning of severe weather. The emergency response plan will allow
for closure of the site for several days.
The HV switchroom, oxygen VIE, firefighting pump and water tank are all located above the modelled 0.2% AEP
flood level. Potable water and telecommunications will be provided through underground network connections.
This will allow continuity of supply during an extreme flood event, subject to the operation of supply networks
beyond the site. An emergency store of potable water (2 days’ supply), a diesel-powered backup electricity
generator and boiler will be provided together with a fuel storage tank. These measures will in combination allow
the site to be self-sufficient in the short-term, during and after a flood event, providing resilience to flooding and
other natural hazards as well as assisting rapid recovery of the site to full operation following a flood event.

1

Defined as – vehicle length greater than 4.5 m, kerb weight greater than 2000 kg, ground clearance greater than 0.22 m – in relation to flood hazard
regimes for vehicles (Ball J, Babister M, Nathan R, Weeks W, Weinmann E, Retallick M, Testoni I, (Editors), Australian Rainfall and Runoff: A Guide to
Flood Estimation, © Commonwealth of Australia, (Geoscience Australia), 2019)
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c)

Effect of the proposed activity on flood risk

In the DCC 2GP, flood risk is defined by the combination of the likelihood of flooding and the consequences of
flooding. The effect of the Outpatients Building works on flood risk outside the NDH has been assessed through
considering the change in likelihood of flooding and the change in consequences of flooding from the existing
environment. For this assessment, the existing environment includes the consented Enabling Works for the NDH.
Flood modelling indicates that the proposed works will tend to increase the extent and depth of flooding in the
area outside the NDH due to the filling around the building.
•

Likelihood of flooding
For both high likelihood (10% AEP) and low likelihood (0.2% AEP) floods, the increase in the overall
extent of flooding in the model is very small and does not result in additional land parcels being flooded.
The likelihood of flooding to individual parcels is therefore not expected to be increased by the proposed
works.

•

Consequences of flooding
The increase in modelled flood depths outside the site is greater in more frequent flood events – locally
up to approximately 90 mm at the boundary of the site in the 10% AEP – than for less frequent events –
no more than 20 mm in the 0.2% AEP. Further away from the Outpatients Building site, changes in
depth for both frequent and less frequent events are less than 10 mm which is below the usual tolerance
for detecting impacts using a flood model.
Within land parcels outside the NDH site boundary which are currently occupied by buildings, the
increase in model water depth in the 10% AEP event exceeds 10 mm in six parcels. In these parcels the
increase in depth is generally less than 20 mm and no greater than 50 mm. For the 0.2% AEP the
increase in depth in all parcels outside the NDH site boundary is less than 20 mm. The increase in flood
depth may increase the cost of flood damages to buildings in these parcels. However, due to the small
increases in flood depth relative to the existing flood depths, any increase in damages is expected to be
minor.
The effect of the proposed works on the consequences of flooding has also been assessed through
reference to the change in flood hazard classification2. The areas in which the increase in flood depth
results in an increase in flood hazard are very small and the maximum hazard within individual land
parcels is not increased above that for the existing environment.
The effect of the proposed works on the consequences of flooding outside the NDH is therefore
considered to be minor.

Since the effect of the Outpatients Building works on both the likelihood and consequences of flooding outside
the NDH is considered to be no more than minor, the existing flood risk level outside the NDH, as defined in the
DCC 2GP, is not expected to be exacerbated by the proposed Outpatients Building works.

2

Flood hazard vulnerability classification as defined in Ball J, Babister M, Nathan R, Weeks W, Weinmann E, Retallick M, Testoni I, (Editors), Australian
Rainfall and Runoff: A Guide to Flood Estimation, © Commonwealth of Australia, (Geoscience Australia), 2019
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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 an assessment of the existing flood risk to the site of the proposed Outpatients Building for
the New Dunedin Hospital (NDH) and the activities proposed for the Outpatients Building. This includes an
assessment of the flood risk to the Outpatients Building and of the anticipated effects of the Outpatients Building
works on flood risk outside the NDH.
The Outpatients Building works comprise the latest stage of the development of the NDH, follow the Enabling
Works stage for the project which was granted consent in December 2021.
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”) and for
the “Enabling Works Flood Impact Assessment” (Jacobs Enabling Works Assessment).
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 the following primary
sources of flooding:
▪

Fluvial flooding, which results from spills from the main channel of the Water of Leith stream.

▪

Pluvial flooding through runoff 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 potential sources of flooding include breakout of elevated groundwater, bursts from water mains,
overflow or bursts from wastewater pipes and tsunami. The depths of flooding from these sources, including
tsunami3, are considered to be smaller than the flooding from rainfall, river flow and storm tides combined
with climate change and were not included in the scope of this assessment.
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 ME13414.
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

3
4

Otago region hazards management investigation: tsunami modelling study, Otago Regional Council, September 2007
Coastal Hazards and Climate Change: Guidance for Local Government, Ministry for the Environment, December 2017, ME1341.
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addresses recommendations arising from peer review of the study. The reports are provided in Appendices B
and C to this report.
Jacobs Enabling Works Assessment
The flood model developed in the Jacobs Flood Risk Assessment Study was used to assess flood hazard to
the NDH Enabling Works and to assess of the effects of the works on flooding. The Enabling Works consist
primarily of excavations for the foundations of the planned Inpatients Building and construction of raised
foundation walls for the Outpatients Building and Logistics Building. The flood model was updated to include
the proposed arrangement of the Enabling Works for this assessment.
The outcomes of the study are presented in the Jacobs report “Enabling Works Flood Impact Assessment”,
IZ112700-1000-CH-005 Revision 3, 13 August 2021, which supported the consent application for this stage
of the works.
Outpatients Building Flood Risk Assessment
For the Outpatients Building Flood Risk Assessment presented in this report the model of the Enabling Works
stage of the NDH has been modified to include the proposed Outpatients Building works. Results of
simulations of flood events with the modified model have been used to assess the resilience of the
development to flooding. The effect of the Outpatients Building works on flooding has been assessed by
comparing the flood levels and extents to those with the consented Enabling Works, which forms the existing
environment for this stage of the project.

IZ112700-1000-CH-007
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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 Zone5. 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 6
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
5
6

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.
2.1.1

Enabling Works

The existing environment for this stage of the project includes the consented Enabling Works, comprising
excavations for the foundations of the planned Inpatients Building and construction of raised foundation walls
for the Outpatients Building and Logistics Building. Figure 3 shows the effective ground levels across the site with
the Enabling Works, as represented in the flood model. The lowest ground level in the excavated area in the
Inpatients Building block is 99.44 m OMD. The foundations for the Outpatients and Logistics Building consist of
an enclosed, cellular matrix of walls rising to a level of 103.82 m OMD, the proposed floor level of the buildings.

Figure 3 Ground levels at the NDH including consented Enabling Works as represented in the flood model
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Further details of the Enabling Works and their representation in the flood model are provided in the “Enabling
Works Flood Impact Assessment” report (IZ112700-1000-CH-005 Revision 3, 13 August 2021) which supported
the consent application for that stage of the works.

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 were not considered. The depths of flooding from these sources are
considered to be smaller than the flooding from rainfall, river flow and storm tides combined with climate
change.
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 4 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 assessment7.
▪

Hazard 3 (coastal) Overlay

Figure 5 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) level8.

7
8

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

Cadbury Block

Figure 5 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 levels 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 2% to 0.5%)

Low risk

Moderate risk

High risk

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

Low risk

Low risk

Moderate risk

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

Very low risk

Low risk

Moderate risk

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

Very low risk

Very low risk

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.

IZ112700-1000-CH-007
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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, sitespecific assessments are made for individual planning proposals. The Jacobs Flood Risk Assessment Study is a
site-specific assessment.
The previous Jacobs flood risk assessments have assessed the flood risk to the NDH site in more detail using a
flood model of the catchment 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 the expected impacts of climate change at 2090, the anticipated design life of the NDH. The
impacts of climate change are based on the projected sea level rise for climate change scenario NZ RCP8.5 H+, as
recommended in Ministry for the Environment report ME1341.
Further details of the model and the simulation results are provided in the main study reports9,10 and in the
Enabling Works Flood Risk Assessment report11.
The consented Enabling Works represents the existing environment for assessing the effects of the Outpatients
Building works. Figures 6 to 8 show the maximum model flood depths with the Enabling Works for each of the
events simulated together with the indicative footprint of the proposed Outpatients Building works.
These model results have been compared to the flood risk guidance in the DCC 2GP. It should be noted that the
model flood depths include allowances for the effect of climate change over the expected lifetime of the overall
NDH development. However, the duration of the Enabling Works stage of the project is expected to be
considerably shorter – a few years – than the overall development. The effects of climate change during that
period will be smaller than allowed for and the likelihood of flood events occurring within that period will be
smaller than over the full lifetime of the development.
▪

For the 10% AEP flood (“very likely”) the model water depths are generally shallow over most over the CBD
area - less than 300 mm above ground level. However, water depths around the boundaries of the NDH site
are deeper – 200 mm to 500 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 around the NDH site in this event are likely to be classified as “minor” such that the flood risk to
surrounding properties is “low to moderate” for this event.
Within the NDH site, flood depths in the Wilson Block, the site of the proposed Outpatients Building, are
generally less than 300 mm and the raised foundations for the Outpatients Building are above the flood
level. Flood depths in the Cadbury Block are greater – up 2800 mm – within the foundation excavations.
Ground levels and foundation levels within the Bow Lane Block are above the modelled flood level.
Appropriate construction site management measures will mitigate the consequences of the deeper flooding
in the Cadbury Block to no more than “moderate”. Elsewhere in the NDH site the consequences of flooding
are “minor” due to the shallow depth of flooding, such that the overall flood risk to the site is considered
“low to moderate”.

“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
11 “Enabling Works Flood Impact Assessment” report (IZ112700-1000-CH-005 Revision 3, 13 August 2021)
9

10
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▪

For the 1% AEP flood (“moderately likely”), water depths around the boundaries of 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” and to include: serious structural damage to property, where
access to insurance is almost always necessary to fix damage; a potential for significant injury and some
reliance on civil defence. In this way the risk to surrounding properties is considered to be “moderate” for
this event.
Within the NDH site, flood depths in the Wilson Block are up to 700 mm except for the raised foundations
for the Outpatients Building which are above the flood level. Flood depths in the Cadbury Block are greater –
up to 3500 mm within the foundation excavations. Foundation levels within the Bow Lane Block are above
the model flood level but the depth of flooding in the rest of the block is around 500 mm. As for the 10%
AEP flood, site management measures will mitigate the consequences of the deeper flooding in the Cadbury
Block. Consequences of flooding over the NDH site for these depths of flooding are considered to be no
more than “moderate”, such that the overall flood risk to the site is considered “moderate”.

▪

For the 0.2% AEP flood (“unlikely”), water depths around the boundaries of the NDH site are typically
800mm to 1400mm. Water depths within the NDH site are 800 mm to 1000 mm in the Wilson Block
(except for the raised foundations for the Outpatients Building which are above the flood level); 800 mm to
900 mm in the Bow Lane Block (except for the raised foundations which are above the flood level); and up
to 3800 mm in the Cadbury Block in the excavated foundations.
Consequences of flooding in this event are likely to be “major” and to include: significant property or asset
damage or loss, including damage that may lead to a property being abandoned or an asset requiring
complete replacement; a likely potential for long term displacement, deaths or serious injuries and
significant civil defence assistance being required, including temporary shelter or evacuation. The overall
risk is therefore considered to be “moderate” for this event.

Considering the highest 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 proposed Outpatients Building works are shown schematically in Figure 9 and comprise the following main
activities (refer to original design drawings for further details).
i.

Construction of the Outpatients Building itself, on the previously consented foundations, with a design
ground floor level of 103.82 m OMD.

ii.

Construction of raised courtyard area, landscaped gardens and car park at varying levels, with access
steps, ramps and terraces for pedestrian access to Cumberland Street and St Andrew Street. Car park
sealed surface level ranges from 103.31 m OMD to 103.65 m OMD. Courtyard area finished level ranges
from 103.53 m OMD to 103.80 m OMD.

iii.

Construction of vehicle access lane from Cumberland Street and Castle Street, service and deliveries
area, at a typical level of 102.9 m OMD with access ramps falling to 102.2 m OMD at street interface.

iv.

End of Trip Facility in former Anytime Fitness building, refurbished for purpose and including 50 bicycle
parks. Floor level understood to remain at existing level of approximately 102.4 m OMD.

v.

Landscaped pedestrian/cycle link path between Castle Street, End of Trip Facility and main Outpatients
Building entrance, approximately at existing ground levels (102.4 m OMD) with ramp up to access lane
level at rear of End of Trip Facility.

vi.

Provision of key services for the building – oxygen VIE, fire water tank, fire pump, HV switchroom, diesel
storage tank (for standby generator and boiler) and potable water tanks and pumps.

The proposed works include filling above ground level outside of the currently consented building foundations
and it is this activity which requires a consideration of flood risk at the site in the resource consent application.
As described in Section 2.2, the flood risk at the location of the proposed Outpatients Building site, including
allowances for the effects of future climate change, is assessed to be “moderate” under the DCC 2GP definition.
Flood risk to the Outpatients Building is mitigated through a raised floor level in the building design. The design
“L-00” ground floor level is 103.82 m OMD, as recommended in the Jacobs Flood Risk Assessment Study
Addendum report12. This level was selected to provide protection from flooding up to a 0.2% AEP (“1 in 500
year”) likelihood event, including climate change effects and an appropriate freeboard. The design level is based
on the representative 0.2% AEP flood level at the site and includes an allowance for the effect of construction of
the NDH on flood level, as estimated from preliminary design layouts for the NDH available at the time of that
study.
The design L-00 floor level is up to 2 m higher than the level of the streets around the buildings. The design
includes landscaped terraces around the buildings to provide a transition between the street level and the floor
level of the buildings. Vehicle ramps, pedestrian ramps and steps provide access to the buildings from street
level.
Detailed descriptions of the Outpatients Building works are provided in the Design Report and Architectural
Drawings for the building.

12

“Recommended Minimum Floor Levels (Addendum)”, IZ112700-1000-CH-0003 Revision 1, Jacobs, 14 August 2020
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CUMBERLAND STREET

ACCESS LANE

Key to Services

RAISED PARKING,
COURTYARD &
LANDSCAPED GARDEN

1
2
3
4
5
6

Oxygen VIE
Fire water tank
Fire pump
HV room
Diesel storage tank
Temporary services
(potable water tanks,
treatment and
pumps)

OUTPATIENTS
BUILDING
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DELIVERY
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END OF TRIP
FACILITY

1

ACCESS LANE

ST ANDREW STREET

5
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AND RAMP TO
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CASTLE STREET
Figure 9 Schematic arrangement of principal actives for Outpatients Building works (annotated extract of Warren
and Mahoney drawing WAM-DWD-112-AR-02-2003 Revision N)
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4.

Flood risk assessment

The proposed works include filling above ground level around the previously consented building foundations.
Under the DCC 2GP, filling to raise the level of the site within the Hazard 3 (flood) Overlay is a restricted
discretionary activity, requiring resource consent. Assessment of resource consent applications requires
consideration of whether filling of the site ensures that the risk from natural hazards will be avoided or is no more
than low, and will not obstruct, impede or redirect flood water.
Additionally, the referral of the NDH project to an expert consenting panel under Schedule 15 of the COVID-19
Recovery (Fast-track Consenting) Referred Projects Order 2020 requires the provision of:
“a flood-hazard assessment, including modelling and analysis of the effects and mitigation of floodwater within
the project site and displaced because of the project, with particular consideration of—
(i) how the climate-change scenario used for modelling aligns with Coastal Hazards and Climate Change:
Guidance for Local Government (Ministry for the Environment, December 2017, ME1341); and
(ii) how the hospital would operate during flood events or flooding of the surrounding streets.”
This assessment report addresses these requirements by considering
▪

The risk from flooding to the Outpatients Building on completion of the works.

▪

Access to the completed Outpatients Building during flood events.

▪

Operational resilience of the Outpatients Building during and after a flood event.

▪

The effect of the Outpatients Building works on risk from flooding outside the site.

Flood risk and the effect of the building have been assessed using the flood model previously developed for the
Enabling Works Flood Risk Assessment, described in Section 2.2.3. The model considers flooding arising from a
combination of extreme flow in the Water of Leith, runoff from extreme rainfall on the catchments in the city
centre, and storm tide in Otago Harbour.
The simulations include allowances for anticipated increases in rainfall intensity and mean sea level resulting
from the expected impacts of climate change at 2090, the anticipated design life of the NDH. The impacts of
climate change are based on the projected sea level rise for climate change scenario NZ RCP8.5 H+,
recommended for major new infrastructure in Ministry for the Environment report ME1341.

4.1

Model simulations

The flood model has been configured to include a representation of the main elements of the Outpatients
Building works as shown in Figure 10:
▪

Ground levels within the car park and landscaped area surrounding the consented building foundations
have been raised to the same design L-00 floor level (103.82 m OMD) as the consented foundations,
above the 0.2% AEP flood level.

▪

Ground levels in the access lane to the Outpatients building and in the loading area have been raised to
the typical design level for these areas (102.90 m OMD).

▪

Ground levels over the pedestrian/cycle access ramp behind the End of Trip Facility have been raised to
the typical design level of the access lane at the top of the ramp (102.90 m OMD).
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The model representation is conservative in terms of the volume of filling because the raised ground levels are
applied up to the boundaries of the site whereas the design includes stepped terraces, access ramps and steps
around the perimeters of the buildings. Similarly, the access ramp behind the End of Trip Facility falls to existing
ground levels at the northern end of the Facility.
The model has been used to simulate both a “very likely” event (10% AEP) and an “unlikely” event (0.2% AEP).
In each case, flooding from a coincident fluvial event and storm tide, of the same probability, has been simulated.
The overall probability of two such events occurring simultaneously is likely to be smaller (less frequent) than the
individual probabilities of each event.
The model boundary conditions include allowances for the effects of climate change on rainfall and on mean sea
level to the year 2090.

Figure 10

4.2

Model representation of the Outpatients Building works

Flood risk to NDH

Figure 11 illustrates the maximum water levels from the model simulations of the 10% AEP flood and 0.2% AEP
flood following completion of the Outpatients Building works. Table 3 summarises the flood levels and water
depths in each part of the site.
The simulations indicate that flooding of the Outpatients Building from a simultaneous fluvial and coastal flood
event is avoided for flood events of 0.2% AEP, and for more frequent events, over the expected lifetime of the
NDH. For the 0.2% AEP flood the minimum freeboard to the proposed building floor level is 540 mm. The main
service block to the building comprising oxygen VIE, fire water tank, fire pump and HV switchroom is at the same
floor level as the building and the equipment is protected from flooding with a freeboard of 540 mm in the 0.2%
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AEP event. The diesel storage tank will withstand shallow flooding at its base and its pump and filtration system
are set at the representative 0.2% AEP flood level (103.32 mOMD).
The simulations indicate that shallow flooding of the End of Trip Facility, the pedestrian/cycle link path, and the
public roads and access ramps at the entrances to the site – off Cumberland Street and Castle Street – is
predicted for the 10% AEP flood event. However, the access lane within the site, the delivery area, car park and
courtyard area are all above the flood level. In a more extreme event (0.2% AEP), the courtyard area outside the
building and car park area are above flood level but flooding in the access lane, delivery area, link path and End
of Trip Facility is predicted in this event.
Access to the building and the operation of the building are discussed further below.
Table 3 Model flood levels and typical model flood depths in and around Outpatients Building site
10% AEP flood
(with climate change allowance)
Flood level around
perimeter of site
Outpatients Building
Car park and courtyard
area
Access lane and delivery
area
End of Trip Facility
Pedestrian/cycle link path
Cumberland Street# at car
park entrance
Castle Street# at loading
bay entrance
VIE, fire water tank, fire
pump, HV switchroom
Diesel storage tank

102.27 m OMD (Castle Street) to
102.60 m OMD (Cumberland Street)
Not flooded
Freeboard of 1220 mm to 1550 mm
Not flooded
Minimum freeboard of 710 mm
Not flooded^
Freeboard of at least 200 mm (typical)
Flooded
Depth of 100 mm to 150 mm
Flooded
Depth of up to 220 mm
Flooded
Depth of 300 mm
Flooded
Depth of 150 mm
Not flooded
Freeboard of 1300 mm to plinth/floor level
Not flooded
Freeboard of 400 mm to tank plinth level

0.2% AEP flood
(with climate change allowance)
103.26 m OMD (Castle Street) to
103.28 m OMD (Cumberland Street)
Not flooded
Freeboard of 540 mm to 560 mm
Not flooded
Freeboard (car park) of 30 mm
Freeboard (courtyard) of 250 mm
Flooded
Depth of 480 mm to 840 mm
Flooded
Depth of 880 mm
Flooded
Depth of 400 mm to 1000 mm
Flooded
Depth of 1000 mm
Flooded
Depth of 1100 mm
Not flooded
Freeboard of 540 mm to plinth/floor level
Plinth flooded
Depth of 280 mm above plinth
Pump and filtration system not flooded
Freeboard of ~ 40 mm

the ends of vehicle access ramps adjoining public roads are flooded
model depths are quoted at the road centreline, the water depth in the road gutters will be locally approximately 200 mm deeper

^
#
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(a)

(b)

Figure 11
Maximum model water levels with the completed Outpatients Building works: (a) 10% AEP (“1 in 10
year”); and (b) 0.2% AEP flood (“1 in 500 year”), both for 2090 climate
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4.2.1

Access to the Outpatients Building during a flood

The Outpatients Building is accessed through pedestrian steps and ramps around the perimeter of the buildings,
two ramped vehicle access points – one from Cumberland Street and one from Castle Street – and a ramped
pedestrian/cycle link path to Castle Street.
The effect of flooding on pedestrian and vehicle access has been assessed through reference to the Safety
Design Criteria of the Australian Rainfall and Runoff Guide13 (“the AR&R Guide”). Flood hazard vulnerability is
classified in the AR&R Guide according to the depth and velocity of flood water through a set of hazard
thresholds that relate to the vulnerability of the community when interacting with floodwaters. Six classes of
hazard vulnerability are defined according to the severity of hazard to people, vehicles and buildings as
summarised in Table 4 and illustrated in Figure 12.
Hazard classes H1 and H2 are considered safe conditions for pedestrians and for larger vehicles – defined as a
“large 4WD vehicle”14 in the Guide. As shown in Figure 12, for water velocities less than 1.2 m/s, the limiting
condition to hazard class H2 is a water depth of 0.5 m.

Table 4 AR&R Guide hazard vulnerability classification thresholds (AR&R Guide Tables 6.7.3 and 6.7.4)
Hazard
Description
vulnerability
classification
H1
H2

Generally safe for vehicles, people, and
buildings
Unsafe for small vehicles

H3

Unsafe for vehicles, children, and the elderly

H4

Unsafe for vehicles and people

H5

Unsafe for vehicles and people, all buildings
vulnerable to structural damage, some less
robust buildings subject to failure
Unsafe for vehicles and people, all building
types considered vulnerable to failure

H6

Classification limit
(depth D and velocity
V in combination)

Limiting still
water depth
D (m)

Limiting
velocity
V (m/s)

D*V <= 0.3

0.3

2

D*V <= 0.6

0.5

2

D*V <= 0.6

1.2

2

D*V <= 1

2

2

D*V <= 4

4

4

D*V > 4

n/a

n/a

Ball J, Babister M, Nathan R, Weeks W, Weinmann E, Retallick M, Testoni I, (Editors), Australian Rainfall and Runoff: A Guide to Flood Estimation, ©
Commonwealth of Australia, (Geoscience Australia), 2019
14 Length greater than 4.5 m, kerb weight greater than 2000 kg, ground clearance greater than 0.22 m
13
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AR&R Guide hazard vulnerability classifications

Figure 13 shows the maximum water velocities and water depths in the city road network for the model
simulations of the 10% and 0.2% AEP floods with the Outpatients Building works completed. The simulations
indicate that for both likelihoods of flooding, the water velocities in the main access routes through the city to
the NDH street blocks are less than 1.2 m/s. Routes to the NDH street blocks with flood depths of less than 0.5 m
(i.e. within the H1 or H2 hazard classes of the AR&R Guide) are available for both likelihoods of flooding and
could be used by larger vehicles during flood events.
Flood hazards in the streets immediately adjacent to the Outpatients Building and the two vehicle access points
to the building are, however, greater than in the main routes through the city. Figure 14 shows the model water
depths in the streets adjacent to the Outpatients Building, together with the AR&R Guide flood hazard class at
selected locations – including the two vehicle access points – for the 10% AEP and 0.2% AEP. Table 5
summarises the model water depths on the road centreline and flood hazard class at each of the selected points.
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(a) 10% AEP

(c) 0.2% AEP

Figure 13

(b) 10% AEP

(d) 0.2% AEP

Model maximum flood water velocities and water depths for 10% AEP [figures (a) and (b)] and
0.2% AEP [(c) and (d)]
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(a)

(b)

Figure 14
Model maximum flood depths and hazard class at points on vehicle access routes to the Outpatients
Building for (a) 10% AEP and (b) 0.2% AEP (numbering of access points as defined in Table 4)
Table 5 AR&R Guide hazard class for model flood depths at NDH vehicle access points
Access
route point
number

10% AEP

0.2% AEP

Depth(a)
(m)

Hazard
class(b)

Depth(a)
(m)

Hazard
class(b)

0.33
0.14

H2
H1

1.02
1.11

H3

Service entry from Castle St

3

Intersection of Cumberland St & St Andrew St

0.47

H2

1.29

H4

4

Intersection of Castle St & St Andrew St

0.40

H2

1.39

H4

nil

H1

0.04

H1

0.03

H1

0.47

H2

1
2

(a)

Location

Car park entry from Cumberland St

5

Intersection of Cumberland St & Hanover St

6

Intersection of Castle St & Hanover St

H3

model water depth on road centreline, depth will be locally deeper in road gutters

(b)

as defined in the AR&R Guide (ref. Table 3 of this report)
indicates hazard class exceeds H2

The model results indicate that for the 10% AEP, flood hazard at the two vehicle access points to the Outpatients
Building is likely to be within the H1 hazard class (Castle Street service entry) or H2 hazard class (Cumberland
Street car park entrance). The Outpatients Building could therefore be accessed at these points by vehicles
during a flood, noting that the Cumberland Street entrance (hazard class H2) would only be safe for “large 4WD
vehicles” and that the Castle Street entrance (hazard class H1) is not usually open for public access. Flood depths
along Cumberland Street and Castle Street are within the H1 class to the north of the Outpatients Building but
are in the H2 class to the south. Depths at the St Andrew Street intersections are almost in the H3 hazard class.
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Therefore, the safest site access route would be from the north, via Castle Street, with egress also to the north via
Cumberland Street.
The results for the 0.2% AEP show that flood hazard at both vehicles access points is within the H3 class (unsafe
for vehicles, children and the elderly) and the access routes across St Andrew Street via Cumberland Street or
Castle Street are in the H4 class (unsafe for vehicles and all people). Safe access to the building by foot or nonspecialist vehicles will therefore not be possible during a flood event of this magnitude.
4.2.2

Operation of the Outpatients Building during and after a flood

The flood model results presented in Table 3 and Table 5 indicate that access to the Outpatients Building by
normal means during flood events will not be possible. For more likely events (10% AEP), vehicle access will still
be possible for evacuation of the building, if necessary, or to maintain essential services at the site.
In a more extreme event (0.2% AEP), vehicle access will not be possible. However, the ground floor level of the
building, external courtyard area and car park are all above the modelled 0.2% AEP flood level, including
allowance for freeboard and climate change effects.
It is understood that Southern District Health Board (SDHB), who will operate the site, will establish an adverse
weather emergency response plan for the site which will include response procedures for flood events15. The
response would be managed by a site Emergency Operation Centre (EOC) who would co-ordinate response
activities with the municipal EOC responsible for city-wide emergency planning.
It is understood that in an extreme flood event (e.g., 0.2% AEP) the Outpatients Building would be closed and
that as far as possible closure would occur ahead of an event, subject to sufficient warning of severe weather. The
emergency response plan will allow for closure of the site for several days and could include deferral of activities
at the site or delivery at an alternate location.
In less extreme events (10% AEP) where the main entrance via Cumberland Street and St Andrew Street is
inaccessible, patients, visitors, staff and supplies would be redirected to safe alternative routes via the northern
public entrance and/or the loading dock.
The HV switchroom, oxygen VIE, firefighting pump and water tank are all located above the modelled 0.2% AEP
flood level. It should be noted that the model flood level is for a combined 0.2% AEP storm tide and 0.2% AEP
rainfall and fluvial flood. The probability of this combination occurring will be smaller than 0.2%. Potable water
and telecommunications will be provided through underground network connections. This will allow continuity of
supply during an extreme flood event, subject to the operation of supply networks beyond the site. An
emergency store of potable water (2 days’ supply), a diesel-powered backup electricity generator and boiler will
be provided together with a fuel storage tank. These measures will in combination allow the site to be selfsufficient in the short-term, during and after a flood event, providing resilience to flooding and other natural
hazards as well as assisting rapid recovery of the site to full operation following a flood event.

15

“Flooding risk for the New Dunedin Hospital’s Outpatients’ Building”, Southern District Health Board response to information request, 18 February
2022 (appended to this report as Appendix A)
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4.3

Effect on flood risk

The effect of the Outpatients Building works on flood risk outside the NDH site has been assessed using the
results of the flood model simulations of a “very likely” event (10% AEP) and an “unlikely” event (0.2% AEP) and
the guidance to assessment of risk level in the DCC 2GP (Table 11.1.2A “Risk Guidance” – Table 1 of this report).
The risk level depends on the combination of the likelihood of flooding and the consequences of flooding.
Figure 15 compares the maximum extent of flooding with the Outpatients Building works with that for the
existing environment. The model results show that for both likelihoods of flooding, the effect of the Outpatients
Building works on the overall extent of flooding is very small and does not result in additional land parcels being
flooded.
The likelihood of flooding to individual parcels is therefore not expected to be increased by the Outpatients
Building works.
Figure 16 shows the difference between the maximum flood depths with the Outpatients Building works and
those for the existing environment. Flood depths are increased in the area immediately surrounding the site for
both flood likelihoods.
The increase in depths is greater for more frequent flood events (e.g., 10% AEP), where the flood storage volume
displaced by the works is larger relative to the overall flood volume, than for less frequent events (e.g., 0.2%
AEP). For the simulated 10% AEP flood, the greatest changes in depth outside the site, up to approximately
90 mm, occur locally along the north-western boundary in Cumberland Street. At the intersection with St Andrew
Street the change is around 20 mm. For the 0.2% AEP flood, the maximum increase in flood depth outside the
site is less than 20 mm. Further away from the Outpatients Building site, changes in depth for both frequent and
less frequent events are less than 10 mm which is below the usual tolerance for detecting impacts using a flood
model.
Within land parcels outside the NDH site boundary which are currently occupied by buildings, the increase in
model water depth in the 10% AEP event exceeds 10 mm in six parcels. In these parcels the increase in depth is
generally less than 20 mm and no greater than 50 mm. For the 0.2% AEP the increase in depth in all parcels
outside the NDH site boundary is less than 20 mm. The increase in flood depth may increase the cost of flood
damages to buildings in these parcels. However, due to the small increases in flood depth relative to the existing
flood depths, any increase in damages is expected to be minor.
The effect of the Outpatients Building works on the consequences of flooding has also been considered through
reference to the AR&R Guide hazard vulnerability classification. In most of the area affected by the building, the
water velocity is less than 0.5 m/s such that the hazard class is defined by water depth. Figure 17 shows the
hazard classes for the existing environment and the areas where the hazard class is increased due to the
Outpatients Building works for the two likelihoods of flooding considered. For both likelihoods, the areas in which
hazard is increased are very small and the maximum hazard within individual parcels is not increased above that
under the existing environment.
The effect of the Outpatients Building works on the consequences of flooding outside the site, as defined in the
DCC 2GP (Table 2 of this report), is therefore considered to be minor.
Since the change in the likelihood and the change in consequences of flooding outside the Outpatients Building
site are both considered to be minor, the flood risk level outside the site, as defined in the DCC 2GP (Table 1 of
this report), is not expected to increase from the existing risk level.
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(a)

(b)

Figure 15 Effect of Outpatients Building works on flood extents for (a) 10% AEP and (b) 0.2% AEP
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(a)

(b)

Figure 16 Effect of Outpatients Building works on flood depths for (a) 10% AEP and (b) 0.2% AEP
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(a)

(b)

Figure 17 Effect of Outpatients Building works on flood hazard for (a) 10% AEP and (b) 0.2% AEP
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5.

Conclusions

The existing flood risk at the site of the Outpatients Building for the NDH is assessed as “moderate” under the
definitions of the DCC 2GP. The design of the Outpatients Building will mitigate the flood risk to the site to no
more than “low” through provision of a raised ground floor level, raised services and emergency response
procedures.
Flood modelling indicates that internal flooding of the Outpatients Building from a simultaneous fluvial and
coastal flood event is avoided for the 0.2% AEP and more frequent events. Including allowances for the effects of
climate change over the expected lifetime of the building, the freeboard to the design ground floor level is
between 540 mm and 560 mm above the modelled 0.2% AEP water levels.
Flood modelling indicates that access to the Outpatients Building by normal means will not be possible during
larger flood events. In more likely flood events (e.g., 10% AEP), the Outpatients Building will be accessible by
larger vehicles from the public road network through making use of the service entrance. In a more extreme
event (0.2% AEP), vehicle access will not be possible.
It is understood that Southern District Health Board (SDHB), who will operate the site, will establish an adverse
weather emergency response plan for the site which will include response procedures for flood events. The
Outpatients Building will not be essential to SDHB service delivery and the activities that will occur there will be,
for the most part, deferable or could be undertaken in an alternative location. It is understood that in an extreme
flood event (e.g., 0.2% AEP) the Outpatients Building would be closed and that as far as possible, closure would
occur ahead of an event, subject to sufficient warning of severe weather. The emergency response plan will allow
for closure of the site for several days.
The HV switchroom, oxygen VIE, firefighting pump and water tank are all located above the modelled 0.2% AEP
flood level. Potable water and telecommunications will be provided through underground network connections.
This will allow continuity of supply during an extreme flood event, subject to the operation of supply networks
beyond the site. An emergency store of potable water (2 days’ supply), a diesel-powered backup electricity
generator and boiler will be provided together with a fuel storage tank. These measures will in combination allow
the site to be self-sufficient in the short-term, during and after a flood event, providing resilience to flooding and
other natural hazards as well as assisting rapid recovery of the site to full operation following a flood event.
The Outpatients Building works will tend to increase the extent and depth of flooding in the area surrounding the
NDH compared to flooding in the existing environment, defined for the purpose of this assessment as the state
of the site including the consented Enabling Works for the NDH.
Flood modelling indicates that for both high likelihood (10% AEP) and low likelihood (0.2% AEP) floods, the
effect of the works on the overall extent of flooding is very small and does not result in additional land parcels
being flooded. The frequency of flooding to individual parcels is therefore not expected to be increased by the
Outpatients Building works.
The increase in flood depths around the boundary of the Outpatients Building site is greater in more frequent
flood events (20 mm to 90 mm along Cumberland Street in the 10% AEP) than in less frequent events (20 mm
at most in the 0.2% AEP). Further away from the site, changes in depth for both frequent and less frequent
events are less than 10 mm which is below the usual tolerance for detecting impacts using a flood model.
Within land parcels outside the NDH site boundary which are currently occupied by buildings the increase in
model water depth in the 10% AEP event exceeds 10 mm in six parcels. In these parcels the increase in depth is
generally less than 20 mm and no greater than 50 mm. For the 0.2% AEP the increase in depth in all parcels
outside the NDH site boundary is less than 20 mm. The increase in flood depth may increase the cost of flood
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damages to buildings in these parcels. However, due to the small increases in flood depth relative to the existing
flood depths, any increase in damages is expected to be minor.
The areas in which the increase in flood depth results in an increase in flood hazard (as defined in the AR&R
Guide) are very small and the maximum hazard within individual parcels is not increased above that for the
existing environment.
The effect of the Outpatients Building works on the consequences of flooding outside the site, as defined in the
DCC 2GP (Table 2 of this report), is therefore considered to be minor.
The change in the likelihood and consequences of flooding outside the NDH through completion of the
Outpatients Building works are considered to be minor and therefore the existing flood risk level, as defined in
the DCC 2GP, is not expected to increase.
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Appendix A. Southern District Health Board Operational Planning
and Procedures for Flooding
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Rachel Murdoch
Senior Associate
Greenwood Roche

Southern District Health Board
Private Bag 1921
Dunedin 9054
18 February 2022

Flooding risk for the New Dunedin Hospital’s Outpatients’ Building [your ref: GREE-DMS.FID91606]

Dear Rachel,
Thank you for your email of 2 February 2022 requesting a description of the Southern District Health
Board’s (Southern DHB) operational planning and procedures in the event of a significant flood event
(1:500 year) affecting the New Dunedin Hospital’s Outpatients’ Building.
Given the Outpatients’ Building’s location at near sea-level, we would assume that a flood event of
that magnitude would severely affect both our campus and the wider central city’s infrastructure.
Flooding estimates of a 1:500 year flood indicates that the building would not be inundated due to
the raised ground floor, but would severely impact the ability to safely access the Outpatients’
Building. We can confirm that we would close the Outpatients’ Building under that scenario.
In order to reach this decision point, a number of steps would be followed. These are summarised,
below.
Emergency Operation Centre (EOC) will help guide our operational response
In the event of an adverse scenario such as this, an Emergency Operation Centre (EOC) is formed.
Our EOC would be in close contact with the municipal EOC, which would lead city-wide emergency
operations planning.
Southern DHB’s EOC is comprised of emergency management planners, clinicians and senior
operational colleagues, under the supervision of an Incident Controller. Our EOC would manage a
major event from a whole of hospital perspective and would lead communications to staff. It would
act as a control point for all issues related to the emergency for the hospital and is the key contact
for other agencies such as Police, Fire, Civil Defence and Ambulance.
On notification of an event of this scale, an adverse weather emergency response plan would be
executed. These response plans – based on a range of scenarios – are developed to help staff remain
as safe as possible, acknowledging that severe weather conditions are potentially hazardous. They
apply to all Southern DHB staff who work on a day (24-hour period) affected by adverse weather
conditions or a Met Service warning of an impending adverse weather event.
The degree to which the hospital emergency processes are activated will depend on the severity and
duration of the event. Our key priority is the safety of our staff and our patients, with our core
business to provide healthcare services.

Our operational response will be to prioritise risk management planning and recovery
In the event of a flood of a 1:500 year scale, a number of mitigation actions would be enacted
following the EOC’s determination that we need to evacuate the building. We would then work to
operationalise our response. Unlike a seismic event, we would expect there would be sufficient time
to help prepare for this event and our response/contingency planning would likely assume the water
inundation would last for a matter of days.
It is important to highlight that the Outpatients’ Building will not be essential to service delivery. The
activity that will occur there will be, for the most part, deferable and/or could be undertaken in an
alternative location.
Of note, modelling shows that lesser flooding events of up to one metre (1:10 year events) would
also impact the Outpatients’ Building. The main entrance via Cumberland Street and St Andrews
Street would be inaccessible. In such an event, patients, visitors, staff and supplies would be
redirected to alternative routes to entry via the northern public entrance and/or the loading dock.
Given the likely lead-in time of several days of the need for a flood response, our priorities would be
to defer patients and secure the building. Following that, we would minimise numbers of those in
the building and, if deemed necessary, move vital clinical equipment to the second floor and above
where practicable. We would hope that evacuation would not be required with enough notice of the
scale of the flooding. Depending on how localised the flooding event was, we would consider moving
services – and patients – to Wakari Hospital or elsewhere, potentially utilising helicopter support
and/or 4WDs if appropriate.
Operationally and on advice that the major flood event has ceased, we would seek to restore
services from the building as quickly as safely possible. We would also move to secure (or repair) any
flood damage, which would need to include any damage to the plant rooms that might limit
reoccupation of the building.
We hope this information is helpful to assist in the Outpatients’ Building consenting process.
Yours sincerely,

Hamish Brown

Bridget Dickson

Acting Chief Operating Officer

Acting Programme Director

Southern DHB

Southern DHB
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Executive Summary
Jacobs have previously provided recommended minimum floor levels for the New Dunedin Hospital (NDH) to
provide protection from stormwater flooding (“Recommended Minimum Floor Levels”, IZ112700-1000-CH0002 Revision 3, 17 February 2020 and, with minor typographical amendments, Revision 4, 5 August 2020).
The floor levels were based on flood levels estimated using a hydraulic model of the Water of Leith and the
stormwater drainage network, developed by Jacobs, to simulate flood events and a recommended freeboard of
500mm.
A peer review of the February 2020 report recommended further consideration of eleven aspects of the study
and its outcomes, including sensitivity testing of the model to better understand the significance of uncertainties
in relation to the recommended floor levels.
This addendum report presents responses to the points raised in the peer review, the results of model sensitivity
tests and a revised recommended minimum floor level.
Three classes of floor were originally defined for the flood risk study as summarised in the table below, together
with the adopted standard of protection from flooding, expressed as the Annual Exceedance Probability (AEP).
Floor class

Types of use

General

Non-habitable areas such as carparks, accessways and
gardens.
Habitable areas within buildings, including all areas
where the public has access
Critical areas within buildings, such as operating
theatres and wards

Habitable
Critical

Standard of protection from
flooding (AEP)
1 in 10
1 in 100
1 in 500

The current concept design for the NDH includes critical floors on the “ground floor” level of the building and
therefore the level for critical floors currently dictates the overall minimum floor level of the building. The
recommended standard of protection for critical floors is 1 in 500 AEP which is consistent with international
guidance (US Federal Emergency Management Agency 1) and comparable New Zealand standards for earthquake
resilience (New Zealand Standard AS/NZS 11702).
We have considered the recommendations of the peer review and carried out additional model test simulations
to address the following points:
a) Revised sea level rise allowance
b) Revised rainfall depth and climate change allowance
c) Inclusion of peak tide level
d) Effect of surrounding buildings
e) Improved representation of river channel and stormwater system
1
2

Design Guide for Improving Hospital Safety in Earthquakes, Floods, and High Winds, FEMA 577, June 2007
AS/NZS 1170 “Structural Design Actions” specifies a 1 in 500 AEP Serviceability Limit State 2 (defined as maintains operational continuity after 1 in
500 AEP earthquake) for Importance Level 4 structures (includes essential facilities, special post-disaster function, medical emergency or surgical
facilities)
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We have performed the tests for the 1 in 500 AEP flood event, the most extreme flood considered in the study. In
the current concept design, this flood level dictates the overall recommended minimum floor level for the
building.
The test results show that the effects of points a), c), d) and e) on flood levels at the NDH site are relatively small
and increase the previous 1 in 500 AEP flood level at the centre of the site by 150mm if all these factors are
allowed for in combination. This is within the recommended freeboard allowance (500mm), which is provided, in
part, to allow for uncertainties such as these in estimating flood level.
The increased rainfall depth tested in point b) was obtained from a revised design dataset3 and is substantially
higher (66%) than the rainfall depth currently adopted in the model (from a previous version of the dataset). The
increase in modelled flood level at the site (600mm) exceeds the recommended freeboard allowance. However,
based on reported frequency analyses of gauged flows in the Water of Leith 4 we consider that the model results
based on the existing model rainfall depth for the 1 in 500 AEP are more consistent with gauge flow records,
allowing for current climate change guidance, than the model flows based on the latest rainfall data.
Nevertheless, the tests indicate that, for the extreme events simulated, the flood level at the site is more sensitive
to the uncertainty in the rainfall depth and runoff flows adopted in the model than in other parameters and that
this is likely to be the greatest source of uncertainty in estimating flood levels. In the absence of a more detailed
hydrological study and given the magnitude of this uncertainty, it would be prudent to maintain the full current
freeboard allowance to allow for uncertainties in the rainfall and runoff, together with local effects not accounted
for in the model such as blockages and waves.
Based on our assessment of the points raised by the peer review we recommend:
i.

That the standard of protection for critical floors is maintained at 1 in 500 AEP;

ii.

That the current freeboard allowance is maintained at 500mm;

iii.

A revised reference 1 in 500 AEP flood level at the site of 103.32mOMD which takes account of
revised estimates of extreme sea level, updated sea level rise allowance recommendations, an
improved representation of the capacity of the Water of Leith channel, the effect of the buildings
around the site and the effect of the development itself on flood levels;

iv.

A revised minimum floor level for critical areas of the hospital of 103.82mOMD.

The recommended minimum floor level applies to critical floors across the entire development and is based on
the peak model water level near the location of the deepest ponded water, not considering the effect of overland
flows. The deepest flood waters are predicted to occur on St Andrew Street and Castle Street. Peak model
ponded flood levels around the site boundary generally vary by approximately +/-50mm from the reference
flood level.
The model results show that there is an overland flow path that may also affect the hospital, flowing east from
the Octagon through the land currently occupied by the Countdown supermarket and into Cumberland Street,
adjacent to the proposed ambulance access and public drop-off entrance to the NDH. The maximum model
flood depth in this overland flow path adjacent to the NDH is approximately 200mm for the 1 in 500 AEP. The
detailed design of this entrance area will need to address the risk of flooding from the overland flow path on
Cumberland Street.

3
4

High Intensity Rainfall Design System Version 4 (NIWA, August 2018)
Water of Leith and Lindsay Creek Hydrology Review of the 26 April 2006 Flood, Otago Regional Council, July 2006
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We also recommend that
v.

Additional model simulations are undertaken to assess the effect of the development, as required for
the resource consent application, and should take account of existing floor levels in the site and
other obstructions to flow (walls), preferably based on more detailed site survey information as well
as the most up to date layout plans for the hospital;

vi.

Building structural and internal design consider including resilience and mitigation measures for
more extreme events;

vii.

The potential for subsidence and its effects are investigated further for consideration in the building
design.

viii.

The potential effects of elevated groundwater are investigated further and considered in the detailed
drainage design for the NDH.

ix.

Access and egress routes to and from the hospital during a flood event are considered further,
together with the internal building layout, in particular, the uses of any areas below the
recommended level and the impact of flooding to these areas.
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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 at the site of the proposed 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
The objective of the New Dunedin Hospital - Flood Risk Assessment study is to deliver recommendations for
minimum floor levels that:
•

are intended to be suitable for use by the New Dunedin Hospital (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.

For the study Jacobs has 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 outcomes of the study were presented in the Jacobs draft report “Recommended Minimum Floor Levels”,
IZ112700-1000-CH-0002 Revision 3, 17 February 2020 (“the February 2020 report”), subsequently issued as a
final version incorporating minor textual amendments (IZ112700-1000-CH-0002 Revision 4, 5 August 2020).
A peer review of the February 2020 report recommended further consideration of eleven aspects of the study
and its outcomes, including testing the sensitivity of the model results to the following five sources of uncertainty
in order to better understand their significance in relation to the recommended floor levels:
a) Revised sea level rise allowance
b) Revised rainfall depth and climate change allowance
c) Inclusion of peak tide level
d) Effect of surrounding buildings
e) Improved representation of river channel and stormwater system
This addendum report presents responses to the points raised in the peer review, including a summary of the
model sensitivity tests and a revised recommended minimum floor level.
A tabulated summary of the peer review of the February 2020 report, the actions agreed and how these have
been addressed is provided in Appendix A of this report.
This final revision of the addendum report address comments raised from peer review of the draft version
(IZ112700-1000-CH-0003, Revision 0, June 18, 2020).
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2.

Peer review points

2.1

Probability of flooding

PR Point 1:

The most extreme flood event simulated in the model and considered for floor level
recommendation is 1 in 500 annual exceedance probability (AEP).

We consider 1 in 500 AEP an appropriate level of service for the most critical areas of the hospital. It is consistent
with, for example:
-

US Federal Emergency Management Agency guidance for design of hospitals (Design Guide for
Improving Hospital Safety in Earthquakes, Floods, and High Winds, FEMA 577, June 2007).

-

New Zealand Standard AS/NZS 1170 “Structural Design Actions” – which specifies a 1 in 500 AEP
Serviceability Limit State 2 (defined as maintains operational continuity after 1 in 500 AEP earthquake)
for Importance Level 4 structures (includes essential facilities, special post-disaster function, medical
emergency or surgical facilities).

We recommend that the building structural and internal design should however consider resilience measures
and/or mitigation for the eventuality of more extreme flood events.

2.2

Sea level rise, rainfall depth, climate change and tide level

PR Point 2:
PR Point 4:
PR Point 5:

Allowance of 0.8m sea level rise to 2090 is based on 2009 Minstry for Environment (MfE) guidance,
now superseded by 2017 MfE guidance
Rainfall depth is derived from HIRDSv3 with climate change to 2090, now superseded by HIRDSv4
Simulation is from time of mid-tide for 2 hours and does not capture peak tide level

WATER LEVEL (mOMD)

We have derived an alternative 1 in 500 AEP tidal water level boundary for the model using more recent NIWA
estimates of extreme sea levels (Otago Regional Council Storm Surge Modelling Study, 2008) and a sea level rise
allowance of 0.9m to 2090 (as per MfE 2017 recommendation for RCP8.5H+ climate change scenario). We have
extended the boundary time series and model run duration to include the peak tide level. The maximum tide
level is 102.92mOMD, compared to the current maximum level of 102.74mOMD (i.e. 0.18m higher) as shown in
Figure 1.
103.0
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102.7
102.6
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102.2
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102.0
101.9
101.8
101.7
0:00:00

0:30:00

1:00:00

1:30:00

2:00:00

2:30:00
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previous
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Figure 1 Comparison of revised tidal boundary and current tidal boundary (1 in 500 AEP)
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We have obtained rainfall depth data from the NIWA HIRDS v4 online database for the same site previously
adopted (Sullivans Dam) and the same storm duration (2 hours). The data includes the effects of climate change
for the RCP8.5 scenario for the period 2081-2100, as calculated automatically in the HIRDS online tool and in
accordance with current MfE recommendations. We have estimated the 1 in 500 AEP rainfall depth through a
simple extrapolation of the output data (which is limited to the 1 in 250 AEP depth). The estimated climate
change 1 in 500 AEP rainfall depth is 118.9mm – i.e. approximately 66% higher than the rainfall depth currently
adopted (71.6mm). The large difference in rainfall depth is a combination of the differences in rainfall depths
between HIRDS v3 and HIRDS v4, the difference in climate change allowances and differences in extrapolation to
the 1 in 500 AEP depth value.
We have repeated the current model 1 in 500 AEP simulation with the higher tide and rainfall values. The
maximum model water level at the NDH site (referenced at the intersection of St Andrew Street and Castle
Street) with the higher tide and rainfall is 103.77mOMD compared to the current model level of 103.17mOMD,
i.e. 0.60m higher. Figure 2 shows the maximum flood levels in the vicinity of the site.
Figures 3 and 4 compare the current 1 in 500 AEP flood extent and levels with the results from the simulation
with the higher tide and rainfall. Figure 4 shows the difference in peak flood levels at points around the NDH site.

Figure 2 Maximum flood levels for higher tide and rainfall depth (1 in 500 AEP)
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Current flood extent

Higher tide and rainfall

X

X

X’

X’

Figure 3 Maximum flood extent for current model and with higher tide and rainfall (1 in 500 AEP)

Figure 4 Flood levels with higher tide and rainfall (values in brackets are differences to the existing flood levels)
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The higher flood levels are primarily due to the substantially higher rainfall depth tested with the model (66%
higher than the current depth) rather than the increase in tide level (less than 0.1m higher than the current tide
at time of maximum flood level).
Figure 5 shows the ground levels and model flood levels along the cross-section line XX’ through the NDH site
indicated in Figure 3. For the simulation with increased rainfall and tidal water level, the water level in the area of
the site becomes controlled by the overflow level into the harbour – the typical perimeter level is around
103.5mOMD, with locally lower and higher sections.
Table 1 compares the total peak flow input to the Water of Leith in the model with the estimated flood flow
frequencies at the gauge at University Footbridge (Water of Leith and Lindsay Creek Hydrology Review of the 26
April 2006 Flood, Otago Regional Council, July 2006). The existing model flow is 33% higher than the 1 in 500
AEP flow estimated from the gauge data. This is broadly consistent with current MfE guidance (33.8%) for the
increase in extreme rainfall with climate change to 2081-2100 under RCP8.5 emissions scenario. The model flow
using the higher HIRDSv4 rainfall depth (including climate change allowance) is 572m 3/s, more than double the
1 in 500 AEP flow estimated from gauge data. On this basis, we consider that for the 1 in 500 AEP, the current
model rainfall depth, including an allowance for climate change to 2090, is more appropriate for use in the
model than the HIRDSv4 data.
ORC Gauge flow frequency

1 in 500 AEP flow
Difference to gauge flow

Table 1

Total peak flow input to the Water of Leith in the model
Existing model

Increased rainfall

344m3/s
+33%

572m3/s
+122%

258m3/s
-

Comparison of 1 in 500 AEP flow estimate from gauge data and model flows in the Leith
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Figure 5 Model tidal water level boundary and model water level at NDH site in model boundary sensitivity test
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2.3

Subsidence

PR Point 3

Subsidence has not been considered in recommending minimum floor level

Assessment of subsidence effects is outside the scope of this study. Widespread subsidence could potentially
lower absolute flood levels at the NDH site through lowering of the spill levels into the harbour. However, the
building level could also reduce, potentially by a different amount. We note that vertical land level movement in
Dunedin has previously been investigated and in one study (Vertical land movement around the New Zealand
coastline: implications for sea level rise, GNS Science Report 2012/29, September 2012) has been found to be
relatively stable.
We recommend that subsidence effects are investigated further for consideration in the building design.

2.4

Groundwater

PR Point 6

No allowance has been made for high groundwater

Assessment of groundwater flooding is outside the scope of this study.
Borehole data in Dunedin shows that groundwater levels are relatively high and are influenced by sea level,
including tides (e.g. The Natural Hazards of South Dunedin, Otago Regional Council, July 2016). Groundwater
levels are therefore likely to rise in the future in response to mean sea level rise.
The minimum ground level at the NDH site is around 0.8m above future mean sea level (allowing for 0.9m sea
level rise in the future). Given the proximity of the NDH site to the sea, it is likely that groundwater levels will
either naturally remain below ground level at the site (although this may be exceeded during storm tides) or
would be controlled (drained) to remain below ground level such that ponding would not occur and would not
influence flood levels. We recommend that the potential effects of elevated groundwater are investigated further
and considered in the detailed drainage design for the NDH.

2.5

Ground level data and model extent

PR Point 7

Model is based on 2009 LiDAR data (the most recent data currently available). Results for the
entire model domain should be presented and the impacts of the southern “glass wall” boundary to
the model should be discussed.

Collection of new LiDAR or alternative topographic data coverage for the overall extent of the model is outside
the scope of this study.
Changes in ground levels since 2009 are expected to be relatively small. We have compared recent (2018)
topographic survey date for the site with the LiDAR levels along St Andrew Street as shown in Figures 6 to 8. The
LiDAR levels are within 0.05m to 0.10m of the ground survey contours which is a typical level of accuracy for this
type of data and is consistent with the stated standard deviation error of +/-0.06m for this specific data set. We
consider the data appropriate for use in the study.
All data for the model is referenced to the same vertical level datum – Otago Metric Datum (OMD). The supplied
LiDAR data is referenced to Dunedin Vertical Datum 1958 and has been re-processed to OMD for use in the
model.
The entire extent of the model is illustrated in Figure 9 together with the maximum water levels for the 1 in 500
AEP from the current model simulation. Figure 10 shows an enlarged view of the southern part of the model. A
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“glass wall” is applied to the model boundary where it lies on land – flow into or out of the model domain is
prevented along this portion of the boundary. Model “glass walls” can affect water levels in a model by
preventing flow leaving or entering the model.
Flow paths in the model in the vicinity of the NDH site are indicated on Figure 10. Flood water from the NDH site
area pass primarily into the land to the east and south of the railway line and into the harbour, in particular over
the lower section of quayside around the western end of Fryatt Street. Flow from the NDH site further south is
impeded by runoff from the Rattray Street catchment which flows in a south-easterly direction, spreading out in
an easterly and southerly direction towards the harbour. The water level at the model “glass wall” boundary is
around 300mm lower than at the site and 200mm lower than the maximum water level between the site and the
boundary. These results indicate that the “glass wall” at the model boundary is likely to have little effect on the
maximum water level at the NDH site.

A

A’
Figure 6 Topographical survey New Central Hospital Site, Dunedin, Terramark, October 2018 (extract)
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Topographical survey contour
intersection points

A
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Figure 7 2009 LiDAR data
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Figure 8 Comparison of 2009 LiDAR ground levels and topographical survey contours along St Andrew Street
(Section AA’ in Figures 4 and 5)
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Figure 9 Model extent and maximum model flood levels for current 1 in 500 AEP simulation
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Flow paths

Figure 10

Model extent and maximum model flood levels for current 1 in 500 AEP simulation (detail)
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2.6

Effect of buildings

PR Point 8

The model is a “bare ground” model with buildings filtered out (processed LiDAR data). Buildings
will tend to obstruct flow paths but will likely still flood and provide storage volume for flood water.
Overall effect on flood levels at site uncertain.

We have modified the model terrain data in two ways to test the sensitivity of flood level at the site to the effects
of buildings: obstruction of flow paths and reduced flood storage volume; prevention of flooding to the NDH
development.
i.

We have reduced conveyance and flood storage through existing building footprints in the street
blocks immediately surrounding and including the site by raising the ground levels within the
building footprints above the LiDAR ground levels by a uniform value 0.3m (a typical freeboard to
internal floor levels) and applying a high roughness value to the footprint areas (Manning’s
coefficient of 0.2). Figure 11 shows the footprints of the buildings which have been modified.

Raised footprints

Figure 11 Building footprints modified for conveyance sensitivity test

ii.

Separately, we have tested the effect of completely preventing flooding within the proposed
building footprint of the NDH site (approximate, as indicated in Figure 12), by raising the ground
levels within the footprint well above the potential flood level.
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Excluded
footprints

Figure 12 Footprints excluded from flooding for displacement sensitivity test
We have simulated these two modifications for both the current 1 in 500 AEP rainfall and tide conditions and for
the increased tide and rainfall conditions detailed in Section 2.2 above. The representative maximum model
water levels at the NDH site for the four model simulations are summarised in Table 2. There is some variation in
water levels around the site, but maximum levels are typically around 0.05m higher than the current model in all
scenarios.
Maximum 1:500 AEP flood level at St Andrew/Castle Street (mOMD)
Current rainfall and tide

Increased rainfall and tide

(1) Base model

103.17

103.76

(2) Raised building footprints
and increased roughness
Difference (2) – (1)

103.21

103.82

+0.04m

+0.06m

103.22

103.81

+0.05m

+0.05m

(3) Flooding prevented in
NDH site
Difference (3) – (1)
Table 2

Results of model sensitivity tests for 1 in 500 AEP (effects of buildings and preventing flooding in NDH)

Figures 13 to 16 compare the maximum flood extents and maximum flood levels at the site for the two scenarios
described above with the current 1 in 500 AEP flood extent and levels.
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Current flood extent

Raised footprints/roughness

Figure 13 Maximum flood extent: current model and with raised building footprints and roughness (1 in 500 AEP)

Figure 14 Flood levels with raised building footprints and roughness (values in brackets are differences to the
existing flood levels)
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Current flood extent

Flooding prevented at NDH

Figure 15 Maximum flood extent: current and with flooding prevented at NDH (1 in 500 AEP)

Figure 16 Flood levels with flooding prevented at NDH (values in brackets are differences to the existing flood
levels)
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2.7

Stormwater infrastructure and Water of Leith channel capacity

PR Point 9

There is uncertainty in the overflow from the Leith predicted by the model due to simplified model
data in areas of flow breakout upstream of Cumberland Street. Effect of simplified channel data on
flood level at site uncertain. Otago Regional Council should have more accurate channel data in
this area. Stormwater network may include recent improvements (tidal exclusion, larger pipes) not
contained in original data provided by Dunedin City Council (DCC). DCC have recently developed
improved SW network models.

We have made enquiries to Dunedin City Council (DCC) who have confirmed that no significant changes have
been made to the stormwater infrastructures since the drainage network data was previously provided for use in
this study. We have therefore not made any changes to the model in relation to the stormwater drainage
network.
We have made enquiries to Otago Regional Council (ORC) who have provided us with additional river model and
survey data for the Water of Leith river channel, together with relevant hydraulic reports. ORC hold limited data
for the area of flow breakout in the current model - in particular, no cross-section survey data is available
between George Street and the outlet of the Cumberland Street culvert.
We have reviewed and improved the model representation of this section of the river channel using the available
data. We have included 12 new channel cross-sections in the model (locations shown in Figure 17) using the data
and information provided by ORC, supplemented with LiDAR data where no other data is available.

Figure 17

Location of new channel cross-sections included in the model (Otago Regional Council data and
LiDAR)
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We have simulated both the current 1 in 500 AEP rainfall and tide conditions and the increased tide and rainfall
conditions detailed in Section 2.2 above with the revised model. Representative maximum model water levels at
the NDH site for the model simulations are summarised in Table 3.

Maximum 1:500 AEP flood level at St Andrew/Castle Street (mOMD)
Current rainfall and tide

Increased rainfall and tide

(1) Base model

103.17

103.76

(4) Improved Leith channel

103.22

103.82

Difference (4) – (1)

+0.05m

+0.06m

Table 3

Results of model sensitivity test for 1 in 500 AEP (improved representation of Leith channel)

Figure 18 compares the maximum flood extent for the simulation with the revised Leith channel and the current
1 in 500 AEP flood extent and levels. Breakout of flow does not occur upstream of the Cumberland Street culvert
in the updated model simulations. This is consistent with ORC expectations for these magnitudes of flow. This
results in higher flow in the river downstream of the culvert and slightly higher flood levels at the NDH site due to
the reduction in upstream flooding and storage of water from the river. Maximum levels at the site are around
0.05m higher than with the current model representation of the channel as shown in Figure 19.
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Current flood extent

With revised Leith channel

Figure 18 Maximum flood extent: current and with revised Leith channel (1 in 500 AEP)

Figure 19 Flood levels with revised Leith channel (values in brackets are differences to the existing flood levels)
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2.8

Combination of rainfall and tide

PR Point 10

Coincident storm tide and rainfall events of same probability simulated (rainfall occurring on rising
tide).

A detailed study of the coincidence of storm tide and rainfall is outside the scope of this study. We have made a
preliminary review of recent studies of flood risk in Dunedin.
The ORC report “The Natural Hazards of South Dunedin” (July 2016) notes that observations to date show that
low-pressure systems that bring heavy rainfall to the Dunedin area can also result in storm-tide levels which are
higher than would occur under normal atmospheric conditions. It is noted that coastal storm surge events can
often coincide with storm events on the land, as they are often borne out of the same low-pressure weather
systems that also produce heavy rain, surface runoff and high river flows. The ORC report “Coastal Otago flood
event 3 June 2015” (October 2015) notes that the same storm on 3 June 2015 produced both heavy rainfall
(estimated to be 1 in 60-year) and a 0.25m surge in tide level.
Although these studies indicate the likelihood of a positive correlation between storm surge and rainfall, we note
that the 2015 rainfall event was of a longer duration (around half a day or longer) and hence lesser intensity
than the critical storm duration we have determined for flood level at the NDH site (2 hours). The duration of a
weather event which results in large storm surge is typically much longer (several days for example) than one
which results in high rainfall intensity (one or two hours for example). There is therefore often only a weak
correlation between these two flood mechanisms. We recommend that minimum floor levels should continue to
be based on simulation of coincident storm tide and rainfall events of same probability as a reasonable
precautionary approach but note that this is provides a conservative estimate of flood level and hence floor level.
The current recommended minimum floor level based on simulation of coincident 1 in 500 AEP rainfall and 1 in
500 AEP storm tide and 500mm freeboard on maximum model flood level at the site (103.67mOMD) provides a
freeboard of 750mm on the adopted 1 in 500 AEP storm tide level (i.e. the likely maximum water level at the site
in the event of a purely tidal flood event) and a freeboard in excess of 500mm for the adopted 1 in 500 AEP
rainfall event in the absence of a storm tide.

2.9

Freeboard

PR Point 11

A freeboard value of 500mm is currently adopted

The freeboard value of 500mm is consistent with recommended practice in New Zealand for critical
infrastructure, with international guidance for hospital buildings and with Verification Method VM1 for New
Zealand Building Code Clause E1 (Surface Water) and we consider it appropriate for setting minimum floor
levels.
We note that the freeboard required to set floor levels under Verification Method VM1 applies to the 1 in 50 AEP
flood and for cases where the depth of flooding exceeds 100mm. The freeboard is required to allow for wave
action from vehicles driving through flood water. The recommended minimum floor level for critical floors at the
NDH substantially exceeds this requirement. Normal vehicle traffic alongside most of the site boundary will not
be possible during a flood of 1 in 500 AEP magnitude due to the depth of water (over 1m) on the roads.
Given the depth of flooding expected around the building in the 1 in 500 AEP flood (and in more frequent
floods), we recommend that access and egress routes to and from the hospital during a flood event are
considered further (e.g. along Cumberland Street to the south-west of the site), together with the internal
building layout, in particular, the uses of any floor levels below the recommended level(s) and the impact of
flooding to these floors.
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3.

Summary and recommendations

Jacobs have previously provided recommendations for minimum floor levels for the New Dunedin Hospital
(“Recommended Minimum Floor Levels”, IZ112700-1000-CH-0002 Revision 3, 17 February 2020 and Revision
4, 5 August 2020).
Recommended floor levels were based on flood levels estimated using a hydraulic model of the Water of Leith
and the stormwater drainage network, developed by Jacobs, to simulate flood events.
The previously recommended minimum floor level for critical floors at the NDH was 103.67mOMD, based on the
1 in 500 annual exceedance probability (AEP) modelled flood level, including climate change allowances, and a
freeboard allowance of 500mm. This level has been revised in this report as discussed above and set out below.
We have considered the eleven points raised in the peer review of the February 2020 issue of the Recommended
Minimum Floor Levels report and have carried out additional model sensitivity tests and literature review to
address these points as summarised in the table below.
No.

Item

Comment

1

Probability of
flooding

We recommend maintaining the 1 in 500 AEP standard of
protection for critical floor levels.

Potential effect
on estimated
flood level
NONE

We recommend that the building structural and internal
design consider including resilience and mitigation measures
for more extreme events.
2

Sea level rise

We recommend taking account of MfE 2017 guidance of
0.9m for sea level rise to 2090 under the RCP8.5H+
emissions scenario.

POSSIBLE
(<0.1m)

3

Subsidence

We recommend that the potential for subsidence and its
effects are investigated further for consideration in the
building design.

POSSIBLE
(OUTSIDE SCOPE
OF THIS STUDY)

4

Rainfall depth

We recommend maintaining the current estimated 1 in 500
AEP rainfall depth (which includes allowance for climate
change) because this yields results which are more consistent
with frequency analysis of flow gauge records at the ORC flow
gauge for the Water of Leith than using the HIRDSv4 data.

NONE

5

Model run
duration

We recommend that the effect of extended model run
duration (i.e. including peak tide level) is taken into account.

POSSIBLE
(<0.1m)

6

Groundwater

We recommend that the potential effects of elevated
groundwater are investigated further and considered in the
detailed drainage design for the NDH.

UNLIKELY
(OUTSIDE SCOPE
OF THIS STUDY)

7

LiDAR/ground
level data

We recommend that the existing data is retained as
appropriate for use in the model.
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8

Effect of
buildings

We recommend that the potential effect of surrounding
buildings on flood level is taken into account, noting that the
building-scape around the site is likely to change over the
lifetime of the hospital.

LIKELY
(~0.05m to 0.1m)

We recommend that the effect of preventing flooding of the
NDH site is taken into account. This effect requires further
analysis for the assessment of effects.
9

Stormwater
infrastructure
and Leith
channel

We recommend that the revised representation of the Leith
channel upstream of and including the Cumberland Street
culvert is taken into account.

10

Combination of
rainfall and tide

We recommend that the existing coincident approach is
retained as a reasonable precautionary approach. We note
that this provides a conservative estimate of flood level.

11

Freeboard

We recommend that the existing value of 500mm is retained
for setting minimum floor levels.

LIKELY
(~0.05m)

NONE

N/A

We recommend that access and egress routes to and from
the hospital during a flood event are considered further,
together with the internal building layout, in particular, the
uses of any floor levels below the recommended level(s) and
the impact of flooding to these floors
The combined effect of items 2, 5, 8 and 9 has been tested in a model simulation. The resulting 1 in 500 AEP
flood levels in the area of the site are between 60mm and 200mm higher than the current model flood levels.
The reference 1 in 500 AEP flood level for the site, at the intersection of Castle Street and St Andrew Street is
103.32mOMD, 150mm higher than the current model flood level. This is within the recommended freeboard
allowance (500mm) to the current flood level, which is provided, in part, to allow for uncertainties such as these
in estimating flood level.
The increased rainfall depth tested in item 4 results in a more significant increase in model flood level (600mm)
which exceeds the recommended freeboard allowance. The change in rainfall depth we have tested is substantial
– an increase of 66% - and, based on the reported frequency analysis of gauged flows in the Water of Leith5, the
model flows based on the existing value of 1 in 500 AEP rainfall are more consistent with the flow records,
allowing for climate change, than the model flows based on the increased rainfall depth. Nevertheless, the tests
indicate that, for the extreme events simulated, the flood level at the site is more sensitive to the uncertainty in
the rainfall depth and runoff flows adopted in the model than in other parameters.

3.1

Recommendations

We have tested the effect of revised values of extreme sea level, revisions to recommended sea level rise
allowance, an improved representation of the capacity of the Water of Leith channel, the effect of the buildings
around the site and of the development of the site itself on flood levels in the model previously developed by
Jacobs.

5

Water of Leith and Lindsay Creek Hydrology Review of the 26 April 2006 Flood, Otago Regional Council, July 2006
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The resulting 1 in 500 AEP reference flood level at the site is increased by 150mm to 103.32mOMD through
accounting for these effects. This increase in flood level is within the current recommended freeboard allowance
(500mm) for floor levels.
We have also tested the effect of adopting an increased rainfall depth in the model, based on an updated design
rainfall dataset6. The results show that the flood level at the site is more sensitive to the rainfall depth and runoff
flows than the other factors considered and that this is likely to be the greatest source of uncertainty in
estimating flood levels. In the absence of a more detailed hydrological study and given the magnitude of this
uncertainty, it would be prudent to maintain the full current freeboard allowance to allow for uncertainties in the
rainfall and runoff, together with local effects not accounted for in the model such as blockages and waves.
On this basis we recommend
i.

That the standard of protection for critical floor levels is maintained at 1 in 500 AEP;

ii.

A revised reference 1 in 500 AEP flood level at the site of 103.32mOMD;

iii.

That the freeboard allowance is maintained at 500mm;

iv.

A minimum floor level for critical areas of the hospital of 103.82mOMD.

The recommended minimum floor level applies to critical floors across the entire development and is based on
the peak model water level near the location of the deepest ponded water, not considering the effect of overland
flows. The deepest flood waters are predicted to occur on St Andrew Street and Castle Street. Peak model
ponded flood levels around the site boundary generally vary by approximately +/-50mm from the reference
flood level.
The model results show that there is an overland flow path that may also affect the hospital, flowing east from
the Octagon through the land currently occupied by the Countdown supermarket and into Cumberland Street,
adjacent to the proposed ambulance access and public drop-off entrance to the NDH. The maximum model
flood depth in this overland flow path adjacent to the NDH is approximately 200mm for the 1 in 500 AEP. The
detailed design of this entrance area will need to address the risk of flooding from the overland flow path on
Cumberland Street.
We also recommend that

6

v.

Additional model simulations are undertaken to assess the effect of the development, as required for
the resource consent application, and should take account of existing floor levels in the site and
other obstructions to flow (walls), preferably based on more detailed site survey information as well
as the most up to date layout plans for the hospital;

vi.

Building structural and internal design consider including resilience and mitigation measures for
more extreme events;

vii.

The potential for subsidence and its effects are investigated further for consideration in the building
design.

High Intensity Rainfall Design System Version 4 (NIWA, August 2018)
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viii.

The potential effects of elevated groundwater are investigated further and considered in the detailed
drainage design for the NDH.

ix.

Access and egress routes to and from the hospital during a flood event are considered further,
together with the internal building layout, in particular, the uses of any floor levels below the
recommended level(s) and the impact of flooding to these floors.
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Appendix A. Peer review of model uncertainties (12 March 2020)
No.

Item

Currently
adopted
value/approach

Discussion

Jacobs recommended
action

Stantec comments

Completed action

1

Probability of
flooding

Most extreme
event simulated
is 1 in 500
annual
exceedance
probability
(AEP)

1 in 500 AEP considered
appropriate level of service for
the most critical areas –
discussed at meeting, FEMA
guidance.

Continue with 1 in 500year as the most extreme
event for flood modelling.

Make recommendation in
Jacobs report: Building
structural and internal
design should consider
resilience/mitigation for
more extreme cases.

Recommendation
included (Section 2.1
and Section 3 of this
report)

Not considered appropriate to
look at lower return periods.
Potentially could look at higher
return periods (e.g. 1 in 1000year) but flood level may not
be significantly higher.
Note that AS/NZS 1170
“Structural Design Actions”
specifies 1 in 500 AEP
Serviceability Limit State 2
(maintains operational
continuity after 1 in 500 AEP
earthquake) for Importance
Level 4 structures (includes
essential facilities, special postdisaster function, medical
emergency or surgical
facilities).
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No.

Item

Currently
adopted
value/approach

Discussion

Jacobs recommended
action

2

Sea level
rise/ climate
change

0.8m sea level
rise to 2090
based on 2009
MfE guidance

2090 is appropriate planning
horizon/building life –
discussed at meeting.

Use 0.9m sea level rise to
2090 as per MfE 2017
recommendation for
RCP8.5H+ climate change
scenario.

3

4

Subsidence

Rainfall
depth data

IZ112700-1000-CH-0003

Not considered

HIRDS V3 with
climate change
allowance to
2090

Latest MfE (2017) sea level rise
guidance should be adopted

Stantec comments

Sensitivity of model
flood level to tide level
and sea level rise
allowance tested
(Section 2.2 of this
report) and considered in
relation to floor level
and freeboard allowance
(Section 3 of this report)

Recommend adopting
more recent NIWA
estimates of extreme sea
levels (Otago Regional
Council Storm Surge
Modelling Study, 2008)

Subsidence unlikely to affect
flood levels but could affect
building level relative to the
flood level.

Do not include in flood
level assessment.

HIRDS V3 is now superseded
by HIRDS V4 which has
different design rainfall depths
and different climate change
allowances. Current practice is
to use HIRDS V4

Use HIRDS V4 rainfall
depth data with climate
change allowance to 2090

Consider in building
design.

Completed action

Also refer (in Jacobs report)
to “Vertical land movement
around the New Zealand
coastline” (GNS, 2012) which
suggests land is vertically
fairly stable in Dunedin area.

Discussed in this report
(Section 2.3)

Sensitivity of model
flood level to rainfall
depth and climate
change allowance tested
(Section 2.2 of this
report) and considered in
relation to floor level
and freeboard allowance
(Section 3 of this report)
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No.

Item

Currently
adopted
value/approach

Discussion

Jacobs recommended
action

5

Model run
duration

Simulation is for
2 hours from
time of mid-tide

Simulation does not currently
capture peak of tide level and
should be extended to do so

Extend model simulation
to include peak of tide and
ensure water levels have
peaked throughout model

6

Groundwater

No allowance
for high
groundwater
levels

Groundwater levels likely to
rise with rise in mean sea level.
Minimum ground level at site is
around 0.8m above mean sea
level with 0.9m sea level rise.
Expect that groundwater levels
will remain below ground level
at the site or will be controlled
(drained) to remain below
ground levels.

Exclude effect of elevated
groundwater levels on
flood levels.
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Stantec comments

Completed action

Sensitivity of model
flood level to simulation
duration tested (Section
2.2 of this report) and
considered in relation to
floor level and freeboard
allowance (Section 3 of
this report)

Make recommendation in
Jacobs report: groundwater
should be considered in
subsequent detailed
drainage design.

Recommendation
included in this report
(Section 2.4 and Section
3)
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No.

Item

Currently
adopted
value/approach

Discussion

Jacobs recommended
action

Stantec comments

Completed action

7

LiDAR
ground level
data

2009 LiDAR
data (most
recent currently
available)

Collection of new data will take
significant time. Changes in
ground levels since 2009
expected to be relatively small
and may be in range of
uncertainty in this type of data.
Recent ground survey available
at site (RCP) and around some
of the “spill” points (Stantec)
for the depression which can
be compared to 2009 LiDAR to
understand what effect any
differences in ground level may
have on flood levels.

Continue with 2009 LiDAR.
Review RCP survey and
Stantec data against
LiDAR data and advise.

Jacobs to confirm consistent
level datums applied to all
model data (extreme sea
levels, LiDAR, models).

Confirmed and discussed
in this report (Section
2.5)

Buildings will tend to obstruct
flow paths but will likely still
flood and provide storage
volume for flood water. Overall
effect on flood levels at site
uncertain.

Perform sensitivity test
with model – reduce
conveyance through
building footprints in the
street blocks immediately
surrounding site to
understand effect on flood
level at site.

8

Buildings

“Bare ground”
model with
buildings
filtered out
(processed
LiDAR data)

Jacobs to provide illustration
of results for entire model
domain, including southern
“glass wall” boundary,
discuss the effect of this
artificial boundary on results
at the site and make a clear
statement as to its likely
impacts.

This will be done by raising
the building footprints in
these blocks by a nominal
0.3m and applying a high
roughness value to the
footprint areas.
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Sensitivity of model
flood level to effects of
buildings tested (Section
2.6 of this report) and
considered in relation to
floor level and freeboard
allowance (Section 3 of
this report)

Recommended Minimum Floor Levels (Addendum)
No.

Item

Currently
adopted
value/approach

Discussion

Jacobs recommended
action

9

Stormwater
infrastructure
and Leith
channel

Stormwater
pipe model
based on DCC
GIS data, lower
Leith based on
ORC model,
upper Leith
estimated from
LiDAR data and
site inspection

Uncertainty in overflow from
Leith predicted by the model
due to simplified model data in
areas of flow breakout
(upstream of ORC model).
Effect of simplified channel
data on flood level at site
uncertain. ORC should have
more accurate channel data in
this area.

Repeat request Leith
channel data from ORC to
improve model
representation.

Stantec comments

Data requested and
received from ORC and
DCC.
Effect of Leith channel
capacity tested (Section
2.7 of this report) and
considered in relation to
floor level and freeboard
allowance (Section 3 of
this report)

Request latest DCC data
for SW network in the site
area to confirm/update
model representation

Stormwater network may
include recent improvements
(tidal exclusion, larger pipes)
not contained in DCC data and
model. DCC have recently
developed improved SW
network models.
10

Rainfall/tide
combination
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Coincident
storm tide and
rainfall events
of same
probability
simulated
(rainfall
occurring on
rising tide)

ORC report “The Natural
Hazards of South Dunedin”,
July 2016, notes “Observations
to date show that low-pressure
systems that bring heavy
rainfall to the Dunedin area
can also result in storm-tide
levels which are higher than
would occur under normal
atmospheric conditions (ORC,
2015; NIWA, 2016).” And “It is
noted that coastal storm surge
events can often coincide with
storm events on the land, as

Continue with simulation
of coincident storm tide
and rainfall events of same
probability as a reasonable
precautionary approach.
(consider enquiry to ORC
for any further
studies/evidence of joint
probability of storm surge
and rainfall in Dunedin
area)

Completed action

Note that interpretation of
results may allow
differentiation of tidal
dominated extents vs
rainfall/fluvial dominated
extents for different return
period events.

Discussed in Section 2.8
and Section 3 of this
report

Recommended Minimum Floor Levels (Addendum)
No.

Item

Currently
adopted
value/approach

Discussion

Jacobs recommended
action

Stantec comments

Completed action

Continue with 500mm
recommendation

Consideration of access and
egress during a flood event
and of the building layout is
needed. In particular, uses of
any floor levels below the
recommended level(s) and
the impact of flooding to
these floors. This will inform
consent consultation with
DCC/ORC.

Discussion and
recommendations
included in this report
(Section 2.9 and Section
3)

they are often borne out of the
same low pressure weather
systems that also produce
heavy rain, surface runoff and
high river flows. This can have
the effect of increasing the
water level in low-lying coastal
areas.”
“ORC 2015 report “Coastal
Otago flood event 3 June
2015” notes that the same
storm produced both heavy
rainfall (1 in 60-year) and a
0.25m storm surge.
Evidence indicates reasonable
degree of correlation between
storm surge and rainfall but
has not been examined in
detail.
11

Freeboard
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500mm
recommended

Value of 500mm is consistent
with BC VM E1/VM1 and other
practice in NZ and elsewhere.
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Executive Summary
NOTE: a subsequent project addendum report updates certain aspects of the information provided in
this report following peer review of Revision 3 and the results of sensitivity tests and inclusion of new
model data
Jacobs NZ were commissioned by Ministry of Health to provide recommendations on minimum floor levels to
manage flood risk at the site of the new Dunedin Hospital. This report has been prepared as a deliverable for
this commission.
Jacobs advise that there are two major and separate sources of flood risk at the site of the new Dunedin
Hospital. These two sources of flood risk are:
•
•

Fluvial flooding, which results from spills from the main channel of the Leith Stream and the local
catchment in North Dunedin.
Coastal flooding, which results from a combination of tidal effects (the twice daily tide cycle), sea level
rise due to climate change, and storm surge.

The scope of the study included the assessment of fluvial flood risk at the site of the new Dunedin Hospital.
Fluvial flooding is flooding that originates from flows in rivers, and for this study it was assumed that the main
source of the flood risk would be from high flows in the Leith Stream. Other sources of flooding such as flooding
from a tsunami were not considered nor the effects on flood risk of land subsidence.
The stormwater catchment that may cause flooding at the new Dunedin Hospital includes the urban areas of the
Dunedin CBD and the suburbs of North Dunedin and the North East Valley, the eastern parts of Roslyn and
Maori Hill, as well as the rural areas of the main Leith catchment and Signal Hill. Stormwater drainage consists
of a piped network in the urban areas and open channels.
A linked model of the main components of the pipe network, open channels and the floodplain was built using
the Danish Hydraulic Institute’s (DHI) MikeFlood software, using data provided by Dunedin City Council (DCC)
and Otago Regional Council (ORC).
Three standard rainfall events, including a 1 in 10-year event, a 1 in 100-year event and a 1 in 500-year event,
were used to represent the fluvial flood risk.
Downstream boundary conditions that represent the sea level in Dunedin Harbour for the 1 in 10-year event, the
1 in 100-year event and the 1 in 500-year event were developed and applied to the model. The downstream
boundary conditions include allowances for the normal daily tidal cycle, increases in sea level due to climate
change and the effects of storm surge.
The effects of climate change to 2090 are included in the rainfall, sea level and storm surge. The selection of
the 2090 planning horizon was based on the supporting reports and information available at the time the scope
of work was prepared for the brief. Since then the Ministry for the Environment has updated its advice on
climate change effects, including providing information on changes to 2120. We report on the likely magnitude
of the difference in flood levels between the 2090 and 2120 planning horizons.
A total of three scenarios were run in the model and these are summarised in Table 1.
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Table 1: Executive Summary Modelled Scenarios
ID

Rainfall

Sea Level

Notes

1

1 in 10-year

1 in 10-year

General Areas

2

1 in 100-year

1 in 100-year

Habitable Floors

3

1 in 500-year

1 in 500-year

Critical Floors

Recommendations for minimum floor levels are presented for all three events. The recommendations apply to
the whole block and are based on the peak water level near the location of the deepest water, not taking into
account the effect of overland flows. The deepest flood waters are predicted to occur on St Andrews Street and
Castle Street, with flood depths decreasing to the north, south, east and west due to increases in the ground
level. The Recommended Minimum Floor Levels to manage flooding at the new Dunedin Hospital, based on
the results of the model scenarios and including 500mm of freeboard, are presented in Table 2.
Table 2: Executive Summary Recommended Minimum Floor Levels (Otago Metric Datum)
No.

Floor Level Type

Recommended Minimum Level (incl. 500mm of freeboard)

1

General Open Space (1 in 10-year)

102.87m

2

Habitable Floor (1 in 100-year)

103.38m

3

Critical Floor (1 in 500-year)

103.67m

Model results show there are two overland flowpaths that may affect the new Dunedin Hospital. One of these
flows south along Castle Street and encounters the new Dunedin Hospital at Hanover Street, the other flows
east from The Octagon through the land occupied by Countdown supermarket. These locations are at the
higher end of the northern (Wilson Carpark) and southern (Cadbury) blocks respectively of the new Dunedin
Hospital. Flood depths in these overland flowpaths are between 100mm and 300mm in the 1 in 500-year event.
A combination of the rise in the natural ground level and the depth of the flow in the overland flowpath means
the peak water levels for the 1 in 500-year event where the overland flowpaths encounter the new Dunedin
Hospital is 103.59m at Hanover Street and 103.20m at the Countdown supermarket. It is appropriate to
manage these overland flowpaths as part of the detailed design of the hospital.
This report identifies additional work that has the potential to reduce the recommended minimum floor levels
below the values in Table 2. The following works are recommended to support further reduction of the
recommended minimum floor levels and to improve confidence in the accuracy of the outputs:
•
•
•

A coincident probability analysis, to confirm the appropriate sea level to use for each modelled scenario
and to improve the understanding of the risks from coastal flooding.
A sensitivity analysis, to confirm the appropriate value or values for freeboard.
Work with Dunedin City Council and Otago Regional Council to identify catchment-wide methods for
reducing flood risk in the North Dunedin area.

In addition, it is recommended that Ministry of Health further consider the implications of the latest Ministry for
the Environment projections of climate change and guidance on coastal hazards on the flood risk to the New
Dunedin Hospital given the differences to the guidance available at the time the work in this report was
undertaken.
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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 at the site of the proposed 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 1.1 - Objectives of the Study”. 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.
NOTE: a subsequent project addendum report updates certain aspects of the information provided in
this report following peer review of Revision 3 and the results of sensitivity tests and inclusion of new
model data
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1. Introduction
1.1

Objectives of the Study

The objective of the study is to deliver recommendations for minimum floor levels that:
•

are intended to be suitable for use by the Dunedin Hospital 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.

1.2

Flooding in Dunedin

Otago Regional Council state in their report from June 2014 titled Flood Hazard of Dunedin’s Urban Streams –
Review of Dunedin City District Plan: Natural Hazards the Leith catchment has a history of flooding stretching
back to 1868, with flooding recorded in 1877, 1911, 1923 and 1929. The flooding in 1929 was “…the most
severe on record, with floodwaters sweeping away and damaging bridges and other structures, affecting
numerous houses and flowing along the streets beyond lower Rattray Street”. River control works were
undertaken after the 1929 floods and a combination of these works and a reduction in the severity of storm
events are reported to have limited the amount of damage caused by flooding in the catchment.
More generally, the lower lying areas of Dunedin are known to flood regularly, with major floods in the Taieri
catchment in the 1980s and in South Dunedin in 2015 and 2017. Dunedin City Council reported that the flood
event of 3 June 2015 in South Dunedin had the second highest 24-hour depth on record at the nearby
Musselburgh rain gauge, which is greater than the 1 in 100-year event depth.

1.3

Previous Studies

The catchment has been the subject of previous flooding assessments. A selection of relevant flood studies,
from oldest to most recent, are summarised in the sub-sections below.
1.3.1

Otago Regional Council (1999)

The source document is a report titled Stage 1 Report for Water of Leith Overland Flow Path Identification,
dated January 1999 and prepared for Otago Regional Council by engineering consultants Montgomery Watson.
The report described the findings of an investigation into the potential effects of a spill from the Leith at the
Clyde Street Bridge.
It uses a desktop analysis, primarily of surveyed kerb levels, to identify flow paths that would result from a spill
at the Clyde Street Bridge. The direction of the flows is reported to be to the south and east, in accordance with
the general contour of the land.
A low area, resulting from earthworks associated with historic engineering works including the construction of a
railway embankment and the reclamation of the harbour, is identified as being at risk of flooding due to ponding
of water from the overflow from the Leith.
The deepest flooding is shown to be centred on an area between Anzac Avenue and Cumberland Street (to the
east and west) and between Hanover Street and Stuart Street (to the north and south). The maximum depth in
the ponding area is reported to be between 1.2m and 1.6m. The volume of the ponding area is estimated at
approximately 90,000m3 before water begins to spill to the south along Cumberland Street.
The volume of spill is estimated at 92,900m3 for a spill hydrograph derived from the 1968 storm event, which is
reported to have been provided to Montgomery Watson by Otago Regional Council.
IZ112700-1000-CH-0002
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The report identifies that the spill volume is greater than the storage volume, which shows that the low area can
be filled by the spill flows. The Dunedin City Council stormwater network is identified as a potential mitigating
factor, with the potential to drain away some of the overflow before it ponds. However, the report identifies that
runoff from the local urban catchment “may take a significant proportion of the pipe capacity [of the Dunedin City
Council stormwater network]”.
Finally, the report discusses mitigation options. These include:
1. Do Nothing
2. Increase Leith Capacity (with improvements to the stream channel)
3. Reduce Leith Flows (by increasing soil infiltration, or with detention dams, or diverting flow from the
Leith)
4. Non-hydraulic Solutions (such as raising or flood-proofing existing buildings, or property purchase and
removal)
5. Managing Overland Flows ((a)by intercepting the spill before it can reach the low area and diverting it to
the sea, or (b) by providing a drainage path from the low area direct to the sea)
6. Planning Measures (that control new development to minimise flood damage to the new development)
The option identified as the most feasible was Increase Leith Capacity, followed by the two options for
Managing Overland Flows 5(a) then 5(b), then Planning Measures. The remaining options are not discussed
though it is implied they are not seen to be viable.
The report concludes by recommending further, more detailed investigation as Stage 2 of the assessment.
The terms of reference for the report were not provided to Jacobs and were not reviewed.
The Stage 2 report, which is referenced as recommended future work, was not provided to Jacobs and was not
reviewed.
1.3.2

Dunedin City Council (2011)

The source documents are:
•

Halsey Street Integrated Catchment Management Plan Model Build Report, dated 05 August 2010

•

Halsey Street Integrated Catchment Management Plan Catchment Hydraulic Performance Report,
dated 17 January 2011

•

Halsey Street Integrated Catchment Management Plan 2010 – 2060, dated 18 October 2011

All three documents were prepared for Dunedin City Council by engineering consultants URS New Zealand Ltd
and Opus International Consultants Ltd.
The Model Build Report describes the process of constructing the model, including:
•

the model extents,

•

the data sources,

•

flow data collection and model calibration,

•

identification of issues
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The Hydraulic Performance Report describes the use of the model to assess the performance of the network
under a range of scenarios. Fourteen runs are reported to have been undertaken for:
•

•

•

•

five design rainfall events:
o

1 in 2-year

o

1 in 5-year

o

1 in 10-year

o

1 in 50-year

o

1 in 100-year

with three imperviousness or development scenarios:
o

Current

o

2031

o

2060

with three climate change scenarios:
o

None,

o

Mean,

o

Extreme

and three tidal boundary conditions:
o

Mean High Water Springs (MHWS)

o

1 in 2-year

o

1 in 20-year

The Integrated Catchment Management Plan considers that broader catchment issues, including water quality
as well as the flood-related information in the first two reports. It does not contain any additional information on
flooding that is not already provided in the two previous reports.
The catchment extents for this work differ significantly to those used by Jacobs, and the work only considers the
in-catchment effects. As the catchment excludes the Leith, the effects of a spill from the Leith are not included
in the assessment.
Only the reports listed were provided to Jacobs. Other information that supports these three reports was not
provided to or sighted by Jacobs.
1.3.3

Otago Regional Council (2014)

The source document is a report titled Flood Hazard of Dunedin’s Urban Streams – Review of Dunedin City
District Plan: Natural Hazards, dated June 2014 and prepared by Otago Regional Council.
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The report defines the characteristics of flood events in three urban streams in Dunedin, including the Leith.
The assessment is based on topographical data only and is not derived from dynamic hydrological or hydraulic
modelling.
1.3.4

Ministry of Health (2018)

The source document is a memorandum titled Dunedin Hospital Flood Risk Assessment, Initial Assessment of
Minimum Floor Levels, dated 9 October 2018 and prepared for the Ministry of Health by engineering consultants
Jacobs NZ Ltd.
The memorandum describes the input data used, the processes followed and the findings of an initial
assessment of the flood risk associated with a 1 in 500-year rainfall event on the catchment associated with the
new Dunedin Hospital.
A rapid flood hazard assessment approach is reported to have been used to identify flood risk. This approach
ignores the effects of the piped stormwater network in the urban area and of flood containment works along the
stream banks of the Leith. It also excludes the effects of inflow and infiltration in the pervious areas of the
catchment.
The findings are that there is extensive flooding at the new Dunedin Hospital site, with depths of up to 2.33m
Sensitivity analysis was used to test the validity of the findings.
The approach used is reported to be conservative.
In subsequent sections of this report, the memorandum is referred to as the “Initial Assessment”.
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2.

Methodology

The previous works were assessed as not being suitable for developing recommendations on minimum floor
levels for a variety of reasons including:
•

the age of the work,

•

differences in the geographical extent,

•

the high level of the assessment,

•

the conservative nature of the methodology.

For these reasons a linked flood model of the stormwater system was recommended as the tool best suited for
identifying recommended minimum floor levels. The linked model is similar to a model used for flood risk
assessments of urban catchments, with differences in the methodology to suit the site-specific nature of the
project and the need to work in with the timeframes required by the overall design process for the new Dunedin
Hospital.
The model has four main parts:
•

A hydrological model, which represents the process of converting rainfall into runoff for a given
probability. The outputs of the hydrological model are flow hydrographs, which are applied to the other
parts of the model for flow routing.

•

A pipe model, which represents the piped stormwater network

•

An open channel model, which represents the Leith Stream

•

A floodplain model, which represents the flatter land in North Dunedin and the CBD where spills from
the pipe network and Leith Stream can cause flooding.

These latter three parts are linked together to represent the interactions and exchanges of flow between them,
including overtopping of the stream banks onto the floodplain, surcharge from pressurised manholes onto the
floodplain, catchpits or mudtanks capturing flow from the floodplain and the discharge of pipes into the Leith.
We selected the MikeFlood software package, which is published by the Danish Hydraulic Institute (DHI), as the
most appropriate package for this project because the floodplain modelling Ministry of Health and the open
channel modelling undertaken by Otago Regional Council were both completed in DHI software.
This work builds on the Initial Assessment. Key technical elements of the methodology and assumptions from
the Initial Assessment have been adopted by this study. This includes the selection as 2090 as the planning
horizon used to assess the effects of climate change on flooding. The Ministry for the Environment have
recently updated their guidance documents on the effects of climate change, including projections to 2120. The
impacts of the updated advice are discussed in section 2.9.
This study did not consider the effect on flood risk of land subsidence, which may be an issue as the site is
understood to include areas of reclaimed land and fill. It also did not consider the risk of flooding from a
tsunami.

2.1

Pipe Model

2.1.1

Pipe Model Data Sources

The pipe model was built using stormwater asset data provided by Dunedin City Council in July 2018 as the
primary source of attribute data.
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Information on committed changes to the stormwater network was provided by Dunedin City Council on 8 April
2019 and was used to update the relevant affected parts of the stormwater network.
We used the node data and the link data to create the model of the manholes and pipes that constitute the
stormwater system. We did not explicitly model catchpits or mudtanks, however we allowed for their effect on
flooding using a standard approach for implicitly modelling them. This approach involved connecting the top of
the manhole to the terrain using a weir function to control the exchange of flow between the two parts of the
model.
2.1.2

Modifications to the Pipe Model from the Source Data

The pipe network has been trimmed to exclude pipes with a diameter of less than 300mm, and to only include
pipes that are downstream of subcatchment loading points. The process of delineating subcatchments,
identifying loading points and applying runoff to the pipe model is described in section 2.5 below.
The pipe network has been “tidied up” by populating missing data fields for node (manhole) inverts and pipe
diameters. Where a node invert was missing or unrealistic, a simple interpolation based on the distance from
the nearest node or nodes with available invert data and either:
•

the invert of the node immediately upstream and the node immediately downstream, if available, or

•

the grade of the pipe downstream, if no upstream inverts were available, or

•

the grade of the pipe upstream, if no downstream inverts were available.

Where two or more nodes in a row had no invert data, the interpolation approach was applied to all the nodes
with no invert data.
We assigned values where there were missing pipe diameters based on the smaller of the upstream or
downstream pipe diameter. Generally, but not always, the upstream pipe is the same size or smaller than the
downstream pipe.
Isolated sections of pipe and downstream ends that did not connect to the sea or the Leith were connected to
the nearest likely node based on engineering judgement and drainage network design principles.
All pipes are modelled to connect at the manhole invert, including at bifurcations. No specific evaluation of
bifurcations was undertaken.
The two pump stations in the extent of the pipe model were included in the pipe network, but the pumps were
excluded as their effect on the peak flood depths in the events considered in this project is understood to be
minor. This is because the locations of the pump stations and the nodes they discharge to are flooded during
the peak of the event, so the pumps will have a negligible effect on the peak flood levels. They may affect the
drain-down time for the flooding, but assessment of this is outside the scope.
Manhole parameters and pipe parameters are set to default values and types.
Material types are not used.
Non-return valves, if they are present, are not modelled.
No open channels, pipe inlets, weirs, orifices, structures, flow regulations or basins were included in the pipe
model.
To improve the stability of the model and support delivery of results within the available timeframe dummy
nodes and dummy pipes have been created to represent the link between the pipe model and the surface
model in the flatter parts of the developed urban area. The location for dummy nodes was determined by
identifying the lowest point in the terrain within each subcatchment and creating a new node at this point. The
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ground level of the node was set to the terrain level in the floodplain model, and the node invert was set to be
2.0m below the ground level. Each dummy node was connected to the real stormwater network with a dummy
pipe to the most appropriate real node. The most appropriate real node was identified using engineering
judgement and considering:
•

proximity of the nodes, closer nodes were preferred

•

relative inverts of the nodes, real nodes with lower inverts were preferred

•

direction of fall of the surface, real nodes that are downhill of the dummy node are preferred.

The use of dummy nodes to link the pipe model to the floodplain model was found to create an unrealistic
restriction on the interchange of flow, so additional connections of the stormwater network to the floodplain have
been added to improve the representativeness and stability of the model. A maximum interchange rate of
0.1m3/s was used for all connections between the pipe model and the floodplain model.
The modelled pipe network is shown in Figure 1 below.
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Figure 1: Modelled Pipe Network
2.1.3

Summary of the Methodology for the Pipe Model

The pipe model is a trimmed and tidied representation of the main elements of the Dunedin City Council piped
stormwater network.
Assumptions and limitations relating to the pipe model are described in Appendix B.

2.2

Open Channel Model

2.2.1

Open Channel Model Data Sources

The open channel model was provided to Jacobs by Otago Regional Council on 6 May 2019 and advised that it
contains the channel improvement works that are underway, including works that are built, under construction
and proposed.
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We undertook spot checks of the model against photography from our site visits and determined that the
statement that the completed channel improvement works are represented in the model we received is
supported by and consistent with the photographs.
Our review identified that the model extends from the mouth of the Leith, approximately 40m directly south of
the Main South Line railway bridge, for about 1.6km up to Dundas Street.
2.2.2

Modifications to the Open Channel Model from the Source Data

Otago Regional Council advised that the models they hold of upstream sections are too old to be useful, and
these models were not provided.
The Initial Assessment identified a risk of break-out in the area around Great King Street and Cumberland
Street. We determined that the most appropriate way to include a potential spill from this area was to extend
the reach of the model upstream of Dundas Street to the Malvern Street bridge using:
•

aerial photography to identify the channel alignment.

•

photographs from our site visit in 2018 and Google Street view to estimate typical cross sections.

•

LiDAR data from 2009 to estimate top of bank levels.

We included one bridge in this reach; the Cumberland Street bridge.
The extent of the open channel model is shown in Figure 2 below, with the extent of the model provided by
ORC and the extension of the model by Jacobs identified. The location of the inflow from Lindsay Stream
coincides with the pointed end of the arrow labelled “Extension by Jacobs”.
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Figure 2: Open Channel Model Extent
2.2.3

Summary of the Methodology for the Open Channel Model

The open channel model is a representation of the Leith from Malvern Street to Dunedin Harbour. The model of
the reach between Dundas Street and Dunedin Harbour includes channel improvements that are part of a
program of works to increase channel capacity. The model of the reach between Malvern Street and Dundas
Street is based on LiDAR data and estimated typical cross-sections.
Assumptions and limitations relating to the open channel model are described in Appendix B.
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2.3

Floodplain Model

2.3.1

Floodplain Model Data Sources

We used the floodplain model from the Initial Assessment.
The LiDAR data used to develop the terrain for the Initial Assessment were captured by NZ Aerial Mapping on 5
September 2009 and cover 88km 2 of Dunedin, including the North Dunedin and CBD areas covered by the
floodplain model. The report Data Supply Metadata s1 includes a description of the data capture, data
processing and quality assurance. It reports that the standard deviation of the height comparison for the check
points is ±0.06m for the eight locations where checks were undertaken.
We confirmed that the 2009 LiDAR data are the most recently surveyed and that no new data would be
available within the timeframe of the project.
At the southern end of the floodplain model, which runs from near the southern end of Maitland Street and past
the northern end of Otaki Street to the sea at Portsmouth Drive, there is a virtual “glass-wall” that does not allow
flow to pass to or from the south. This boundary was adopted from the Initial Assessment.
A uniform surface roughness value of 10, which is equivalent to a Manning roughness of 0.1, was applied to the
floodplain. No buildings or structures such as walls or fences are explicitly represented; their effect is
accounted for in the uniform surface roughness. The approach to modelling surface roughness was adopted
from the Initial Assessment.
2.3.2

Modifications to the Floodplain Model from the Source Data

We converted the model datum to Otago Metric Datum.
We removed the channel conveyance capacity in the floodplain model by identifying the mesh points that were
within the extent of the open channel model and selecting these points, then setting their elevation to the default
“land” value.
We reviewed the LiDAR data used as the source of the terrain data to identify that the low area around the new
Dunedin Hospital has a spill point on Cumberland Street on the south side of Queens Garden. The level of this
spill point is 102.75m.
We used the 3D Analyst add-on to ArcGIS to estimate the volume in the low area below the spill point, which is
98,400m3. This is comparable to the estimate of 90,000m 3 in the Stage 1 Report for Water of Leith Overland
Flow Path Identification report.
The terrain used for the floodplain model is shown in Figure 3.
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Figure 3: Floodplain Model Terrain
2.3.3

Summary of the Methodology for the Floodplain Model

The floodplain model is a representation of the floodplain in the Dunedin North and CBD area.
Assumptions and limitations relating to the floodplain model are described in Appendix B.

2.4

Climate Change

We selected a planning horizon of 2090 for allowing for the effects of climate change. This is the same planning
horizon that was used in the Initial Assessment and is consistent with Dunedin City Council’s 2011 policy on
climate change. It uses Ministry for the Environment’s 2008 guidelines on the effects of climate change.

IZ112700-1000-CH-0002

15

Recommended Minimum Floor Levels

We identified that climate change will affect rainfall and sea level, and included the predicted effects in our
assessment. The methodology for including the effects on rainfall and sea level is described in section 2.5 and
section 2.6 respectively.
Ministry for the Environment updated their guidance on climate change effects in 2018. An assessment of the
effects of the updated guidance on model input parameters is provided in section 2.9.

2.5

Hydrology

2.5.1

Hydrology Data Sources

We adopted the same approach to rainfall that was used for the Initial Assessment. This approach used the
HIRDS version 3 website (hirds.niwa.co.nz) to source Depth-Duration-Frequency data at Sullivans Dam in the
upper Leith catchment. The outputs from HIRDS included Average Return Intervals (ARIs) from 1 in 1.58-years
to 1 in 100-years for ten rainfall event durations from 10 minutes to three days and include an allowance for the
effects of climate change to 2090.
We adopted the storm duration identified in the Initial Assessment, which is two hours. Sensitivity analysis
undertaken as a part of the Initial Assessment showed that the two-hour event has a slightly greater flood extent
than either the one-hour event or the six-hour event, which indicates that two hours is the critical storm duration.
We adopted the storm event hyetograph used in the Initial Assessment, which is a triangular storm event with
the peak intensity equal to double the average intensity and the peak runoff occurring two-thirds of the way
through the event. This is consistent with the approach used by Dunedin City Council for catchment
management planning modelling. The rainfall hyetograph is the same shape as the runoff hydrograph. Using
this hyetograph means the storm event volume from HIRDS is only modified by the runoff coefficient.
We used the overall catchment extent from the Initial Assessment.
Rainfall depths for the 1 in 500-year event for all ten rainfall event durations were calculated using regression
analysis to extrapolate the depth data from the ARIs in the outputs from HIRDS. The Depth-DurationFrequency data from the Initial Assessment, including the results of the extrapolation (in italics), are presented
in Table 3. The body of the table shows the depth of rainfall, in millimetres, that is expected for 120
combinations of:
•

storm event frequency (in the left-hand column) from 1 in 1.58 years to 1 in 500 years, and

•

storm event duration (in the top row) from 10 minutes to 72 hours.

•

The regression analysis identified that the most likely value for the 2-hour rainfall depth for a 1 in 500year event is 71.6mm, with a range of depths at one standard deviation being between 68.2mm and
75.0mm, or ± 3.4mm.
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Table 3: Rainfall Depth-Duration-Frequency Data for Sullivans Dam (HIRDS website, extracted 8 August 2018)

ARI
(yr)

Duration
10m

20m

30m

60m

2h

6h

12h

24h

48h

72h

1.58

4.3

6.3

7.9

11.7

17.5

33.8

51.2

77.3

93.9

105.2

2

4.8

7

8.7

12.8

19.3

36.8

55.6

83.6

101.6

113.8

5

6.5

9.5

11.8

17.5

26

48.9

72.9

108.6

132.1

148.3

10

7.9

11.6

14.5

21.5

31.7

59.1

87.3

129.4

158.1

177.4

20

9.5

14

17.7

26.1

38.4

70.7

104.1

153.2

187.5

210.8

30

10.7

15.8

19.7

29.2

42.9

78.8

115.7

169.6

207.3

233.1

40

11.5

16.9

21.3

31.7

46.2

84.4

123.4

180.5

220.8

248.6

50

12.2

18.1

22.7

33.5

49

89

129.8

189.3

232.1

261.5

60

12.8

18.9

23.8

35.3

51.3

92.9

135.3

196.9

241.4

271.9

80

13.8

20.4

25.8

38

55.2

99.5

144.3

209.4

256.7

289.2

100

14.7

21.7

27.3

40.4

58.5

105

151.8

219.6

269.2

303.3

500

17.9

26.5

33.4

49.4

71.6

128.4

185.5

268.3

329.2

371.2

The selection of the 1 in 500-year event as the largest event to be modelled has been adopted from the Initial
Assessment.
It exceeds the requirements for flood protection for structures with Importance Level 4 in the New Zealand
Transport Agency’s Bridge Manual at Serviceability Limit State Two (SLS2). The main requirements of SLS2
are that the structure remains operationally functional during and after the flood event. Table 2.1 of the Bridge
Manual defines bridges in Importance Level 4 as
“Bridges of high importance to post-disaster recovery (e.g. bridges in major urban areas providing direct
access to hospitals and emergency services or to a port or airport from within a 10km radius).”
A 1 in 100-year level of protection is required for SLS2 for these bridges.
The inputs we provided to HIRDS version 3 specified that the outputs include the effects of climate change to
2090.
2.5.2

Modifications to the Hydrology from the Data Sources

We used the Rational Method to convert the rainfall to runoff. The Rational Method is:
𝑄 = 𝐶𝑖𝐴
Where:
Q is the peak runoff rate in m 3/s
C is the runoff coefficient, which represents the proportion of the rainfall is converted directly to runoff
i is the peak rainfall intensity in m/s
A is the catchment area in m 2
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The rainfall was converted to runoff in Excel and connected to the pipe model and the open channel model
based on an assessment of whether each subcatchment predominantly discharges to a stream or the piped
stormwater network. The use of the Rational Method means there is no initial loss, the rate of conversion of
rainfall to runoff remains constant throughout the storm event, and the shape of the runoff hydrograph is the
same as the shape of the rainfall hyetograph. An example of a rainfall hyetograph and a runoff hydrograph for
the Upper Leith catchment for the 1 in 500-year event, as used in the model, is shown in Figure 4. In this figure
the rainfall depth is shown with an orange line and the corresponding runoff rate is shown with a blue line.

Rainfall and Runoff for the Upper Leith Catchment
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80
70

Runoff Rate (m3/s)
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50

150

40
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20
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Figure 4: 1 in 500-year Rainfall Hyetograph and Runoff Hydrograph for the Upper Leith Catchment
We updated the delineation of subcatchments within the overall catchment, to increase the level of detail in the
North Dunedin and CBD areas and to improve the representation of the stormwater network in the model. This
increased the number of subcatchments from four to 150. Subcatchments were delineated based on
topography, pipe network connectivity and property boundaries. The delineation for the full model extent is
shown in Figure 5, and Figure 6 shows the detail of the subcatchment delineation in the city centre area.
We identified two dams in the Upper Leith catchment. We determined it was appropriate to not make a specific
allowance within the model for the effect of these dams on the flooding because:
•

the dams are small relative to the overall subcatchment,

•

any attenuation effect will be negligible because the dams will be full or near to full at the start of an
extreme rainfall event.
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Figure 5: Subcatchments
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Figure 6: Subcatchment details in city centre area
We assigned C values to each subcatchment based on the predominant landuse in the general area and the
topography. Four combinations of landuse and topography were identified, and C values were applied as
shown in Table 4.
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Table 4: Subcatchments Summary
ID

Description

No. of
subcatchments

Total Area of
subcatchments (ha)

C
value

A

Upper Leith and Signal Hill

4

3,186.7

0.4

B

Lindsay Creek (North East Valley)

1

1,191.4

0.5

C

Hill catchments (west of the CBD)

13

446.6

0.8

D

Urban/commercial/industrial areas in North
Dunedin & CBD (incl. open spaces)

132

446.2

0.9

We did not adjust the C values for the future scenario because:
•

Our review of the likely impacts of future development in the “Upper Leith and Signal Hill”
subcatchments and the “Lindsay Creek (North East Valley)” subcatchment did not identify changes that
justified increasing the imperviousness.

•

The C values for the “Hill catchments (west of the CBD)” and “Urban/commercial/industrial areas in
North Dunedin & CBD (incl. open spaces)” subcatchments are already high and consistent with values
that would be used for a future scenario, so increases cannot be justified.

We compared the peak runoff from the Upper Leith subcatchment against the values from a report titled Review
of Flood Frequency Estimates for Water of Leith and Lindsay’s Creek dated 4 August 2004, which was prepared
by engineering consultants Opus International Consultants for Otago Regional Council. As noted previously,
the approach we used for the hydrology is adapted from the method used by Dunedin City Council for urban
catchment management planning purposes, whereas the Otago Regional Council report methodology is for
flood frequency estimation for a largely rural stream, so the methodologies are different, and the outcomes will
not necessarily be directly comparable.
The comparison showed that the peak runoff from the Upper Leith subcatchment, as predicted by the model, is
185m3/s compared to the 170m3/s recommended for the 1 in 100-year event in the report. Twelve methods for
estimating flood peaks are listed in the report, with results for the 1 in 100-year event ranging from 134m 3/s to
250m3/s. No analysis of flood volume is provided in the Review of Flood Frequency Estimates for Water of
Leith and Lindsay’s Creek.
2.5.3

Summary of the Methodology for the Hydrology

The hydrology is a representation of the rainfall and runoff characteristics of the overall catchment. The peak
runoff rates used in the model are higher than those determined in previous studies.
Assumptions and limitations relating to the hydrology are described in Appendix B.

2.6

Boundary Conditions

A boundary condition for the downstream sea level was applied to the model. Apart from rainfall, the sea level
boundary condition is the only boundary condition applied to the model.
2.6.1

Boundary Condition Source Data

The tidal constituents of the sea level boundary condition were obtained from the Land Information New
Zealand (LINZ) website (https://www.linz.govt.nz/sea/tides/tide-predictions/standard-port-tidal-levels).
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Recommendations on offsets to be applied to sea level when determining minimum floor levels in Dunedin were
obtained from a report titled Methodology for Determining Minimum Floor Levels 2011 dated December 2011,
which was prepared for Dunedin City Council by engineering consultants MWH Ltd.
Storm surge statistics for Port of Dunedin were obtained from a report titled Otago Extreme Sea Level Analysis
dated August 2005, which was prepared for Otago Regional Council by the National Institute of Water and
Atmospheric Research (NIWA) (https://www.orc.govt.nz/media/2906/otago-extreme-sea-level-analysis.pdf).
2.6.2

Application of the Source Data

The Methodology for Determining Minimum Floor Levels has four components of sea level that are
recommended for use in determining minimum floor levels. These are:
1. storm surge
2. climate change
3. freeboard
4. local Adjustment factors
The four components were added together and combined with a sinusoidal curve representing the rise and fall
of the tide to create the boundary conditions applied to the model.
We used regression analysis on the “Otago Harbour (at Dunedin)” data in Table 8 of the Otago Extreme Sea
Level Analysis report to extrapolate the appropriate value for storm surge for the 1 in 500-year event. Values
for the 1 in 10-year and 1 in 100-year event were adopted directly from the report. The values in the report
include the peak of the tide (i.e. they assume the peak of the storm surge coincides with high tide) and are
shown in Table 5.
Table 5: Storm Surge Values
ID

Average Return Interval

High Tide + Storm Surge (m relative to Mean Level of Sea
Dunedin-2000)

1

1 in 10-year

1.69

2

1 in 100-year

1.90

3

1 in 500-year

2.05

We adopted the increase in sea level to 2090 from the Methodology for Determining Minimum Floor Levels,
which is 0.8m and is based on 2008 guidance from Ministry for the Environment on the effects of climate
change.
We identified that freeboard should be applied to the results of our modelling, i.e. the outputs, rather than added
to the model as an input.
We determined that a Local Adjustment factor of zero should be applied because:
•

there is no site-specific advice relating to Local Adjustment factors for our study area

•

the matters to be considered when determining a Local Adjustment factor for the closest listed areas
were rated as Low, on a “Low-Medium-High” scale

IZ112700-1000-CH-0002

22

Recommended Minimum Floor Levels

•

the closest listed areas are east of Port Chalmers, we used engineering judgement to estimate that the
limited fetch in which local waves can be generated in the inner harbour means the size of the waves
will probably be a small component of the overall sea level.

We developed a time series of tide levels at one-minute intervals assuming a sinusoidal shape, a 12-hour tide
cycle and applied the Mean High Water Springs (MHWS) amplitudes published by LINZ.
The time series we applied to the model as a tidal boundary condition is summarised in Table 6 and includes:
•

the tidal component, which rises from Mean Sea Level at the start of the model run,

•

the climate change component,

•

the storm surge component.

A consequence of using a two-hour storm duration and a tidal component of the sea level boundary condition
rising from Mean Sea Level is that the tide does not peak during the simulated storm event. At the end of the
two-hour long simulation the model tide level is within 0.1m of the peak tide level for the event.
Table 6: Summary of Sea Level Boundary Components
Event

High Tide +
Storm Surge
(m relative to
Mean Level of
Sea Dunedin2000)

1 in 10-year

+1.69m

1 in 100-year

+1.90m

1 in 500-year

+2.05m

Climate
Change to
2090

+0.8m for all
events

Freeboard

Applied to the
model outputs,
rather than to
the boundary
condition

Local
Adjustment
Factor

Assessed to be
zero

Tide level
shape

Rising from mid
tide for all
events

Figure 7 shows the sea level boundary condition applied to the model. The model boundary sea levels are
expressed in terms of Otago Metric Datum for consistency with the model datum.
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Figure 7: Sea Level Boundary Conditions
The tide level boundary condition was applied:
•

As a level boundary to the floodplain model along a line in the harbour well away from the area of
interest, to represent the tide level in the harbour.

•

To the pipe network model, at pipes that discharge to the harbour, to remove the need to connect these
pipes to the floodplain model.

2.7

Model Extents and Linkages

The pipe network is connected to surface at all nodes to allow pressurised flow to escape from the pipe network
and at dummy nodes to allow surface flows to return to the pipe network when conditions allow it. The
maximum interchange rate is capped at 0.1m 3/s.
The pipe network not connected to the sea, a sea level boundary condition is applied to the outlets instead.
The pipe network connected to open channels using the MIKE URBAN outlet (water level) type link.
The open channels are connected to floodplain along the bank edges using Lateral link types with a weir type
equation for the flow along the channel banks. The tidal boundary condition is applied to the downstream end
of the stream at the mouth of the Leith.
The catchment runoff hydrographs were developed in Excel using the Rational Method (as previously
described) and applied to the:
•

pipe network at the invert of nodes (manholes)

•

open channel network at Malvern Street Bridge (Leith subcatchment) and at the Botanic Gardens
(Lindsay Creek, from the North East Valley)

•

floodplain for subcatchments above the lower parts of the hills to the west of North Dunedin and the
CBD.
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2.8

Model Runs and Scenarios

We completed the model runs detailed below and listed in Table 7.
Run 1 is the source of recommended minimum levels for the non-habitable areas of the new Dunedin Hospital,
such as carparks, accessways and gardens.
Run 2 is the source of recommended minimum floor levels for habitable areas within buildings, including all
areas where the public has access.
Run 3 is the source of recommended minimum floor levels for critical areas within buildings, such as operating
theatres and wards.
Table 7: Model Runs
ID

Rainfall

Sea Level

Notes

1

1 in 10-year

1 in 10-year

General Areas

2

1 in 100-year

1 in 100-year

Habitable Floors

3

1 in 500-year

1 in 500-year

Critical Floors

2.9

Updated Climate Change Recommendations from Ministry for the Environment

2.9.1

Rainfall Intensity

The National Institute of Weather and Atmospheric Research (NIWA) updated HIRDS from version 3 to version
4 in late 2018, for consistency with the IPCC Fifth Assessment Report (AR5) and with Ministry for the
Environment report Climate Change Projections for New Zealand – Atmospheric projections based on
simulations undertaken for the IPCC 5th Assessment. The rainfall data we used are from HIRDS v3.
We compared the outputs from HIRDS v3 against outputs from HIRDS v4 at Sullivans Dam and found that, for
the most comparable scenario, the 2-hour 1 in 100-year rainfall depth is 10% higher in HIRDS v4.
2.9.2

Sea Level Rise

Ministry for the Environment published updated guidance on sea level rise in December 2017 in Coastal
Hazards and Climate Change: Guidance for Local Government. The publication is based on the IPCC Fifth
Assessment and is relatively recent, so its recommendations have not been adopted into the Plans of Otago
Regional Council or Dunedin City Council.
The guidance recommends the use of the H+ scenario for major new infrastructure, which uses the 83rd
percentile values of the RCP8.5 scenario from AR5 and is the most extreme of the scenarios used in the
guidance document. The increase in sea levels from the 1986-2005 baseline are shown in Table 8.
Table 8: Ministry for the Environment Sea Level Rise Recommendations (2017)
Year

2090

2120

2150

Sea Level Rise

0.90m

1.36m

1.88m
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3.

Results

As per our agreed scope, we assessed the 10-year event, the 100-year event and the 500-year event to identify
minimum floor levels for general areas, habitable floor levels and critical floor levels within the new Dunedin
Hospital area. The findings are described in sections 3.1, 3.2 and 3.3.
The peak rainfall intensities and the maximum outflow at the mouth of the Leith are tabulated in Table 9.
Table 9: Peak Rainfall Intensities and Flows in the Leith Stream
Storm Event ARI

Peak Rainfall Intensity

Maximum Flowrate

1 in 10-year

31.7 mm/hour

146.6m3/s

1 in 100-year

58.5 mm/hour

263.9m3/s

1 in 500-year

71.6 mm/hour

302.9m3/s

3.1

10-year event (General Areas)

The maximum flood depth is 0.61m and the maximum water surface elevation in the ponded area centred
around St Andrew Street in 102.37m. At the northern end of the Wilson Carpark Block (intersection of Hanover
Street and Castle Street) an overland flowpath on Castle Street has a maximum water surface elevation of
102.94m.
There is no spill from the Leith, and all the catchment runoff entering the site is from the local catchment. Sea
level has a strong influence on flood levels; the sea level and the peak flood level at the end of the event are
both 102.38m.
Maps of flood depth and extents are provided in Appendix A as Figure A1 and A4 respectively.

3.2

100-year event (Habitable Floors)

The maximum flood depth is 1.12m and the maximum water surface elevation in the ponded area centred
around St Andrew Street in 102.88m. At the northern end of the Wilson Carpark Block (intersection of Hanover
Street and Castle Street) an overland flowpath on Castle Street has a maximum water surface elevation of
103.01m. At the southern end of the Cadbury block (opposite the Countdown supermarket) an overland
flowpath on Cumberland Street has a maximum water surface elevation of 103.57m.
Spills from the main channel of the Leith are predicted at the ITS Building Bend and between Forth Street and
Riego Street. There is a spill from the Leith predicted at the Cumberland Street culvert. As noted previously,
the model is limited by the quality of the input data at this location. Runoff from the local catchment also
contributes to the flooding.
Maps of flood depth and extents are provided in Appendix A as Figure A2 and A5 respectively.

3.3

500-year event (Critical Floors)

The maximum flood depth is 1.42m and the maximum water surface elevation in the ponded area centred
around St Andrew Street in 103.17m. At the northern end of the Wilson Carpark Block (intersection of Hanover
Street and Castle Street) an overland flowpath on Castle Street has a maximum water surface elevation of
103.20m. At the southern end of the Cadbury block (opposite the Countdown supermarket) an overland
flowpath on Cumberland Street has a maximum water surface elevation of 103.59m.
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Spills from the main channel of the Leith are predicted at Leith Street, the ITS Building Bend, Clyde Street, and
between Forth Street and Riego Street. There is a spill from the Leith predicted at the Cumberland Street
culvert. As noted previously, the model is limited by the quality of the input data at this location. Runoff from
the local catchment also contributes to the flooding.
Maps of flood depth and extents are provided in Appendix A as Figure A3 and A6 respectively.

3.4

Freeboard

Clause E1 Surface Water of the Building Code includes a requirement for 500mm of freeboard in Verification
Method 1, section 4.3. This applies where surface water has a depth of 100mm or more and extends from the
building directly to a road or carpark and is to allow for waves generated by vehicles.
The results show there is a direct connection between the new Dunedin Hospital and a road with at least
100mm depth of stormwater for all five of the scenarios we assessed, so we recommend a freeboard of 500mm
is used for determining the minimum floor levels.
The freeboard allowance can be reduced if there is no direct connection between the building and a road or
carpark. The Building Code allows the freeboard to be reduced to 150mm; Jacobs have not assessed whether
150mm of freeboard could be appropriate for the new Dunedin Hospital as this is dependent on-site specific
design considerations.

3.5

Summary of Results

The current configuration of the stormwater drainage network and flood protection works make the site of the
new Dunedin Hospital vulnerable to flood effects caused by sea level rise and storm surge, in addition to the
risk of flooding from heavy rainfall in the upstream catchment. High sea levels contribute to flooding at the new
Dunedin Hospital in the three events used in this study by reducing the capacity of the piped stormwater system
and cause backflow into the low-lying area at the site of the new Dunedin Hospital.
The maximum flood depth and the maximum flood level may occur at different locations on each block of the
new Dunedin Hospital.
Table 10 provides the peak model flood levels for the three blocks of the new Dunedin Hospital for the three
scenarios we modelled. The information is provided graphically as a sketch in Figure 8.
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Peak Flood Level

Peak Sea Level

Event ARI

Initial Condition
Water Level

Table 10: Peak Flood Levels associated with the five events

Cumberland
Street/St Andrews
Street.

Castle Street/St
Andrews Street

Castle Street/Bow
Lane

GL = 101.90m

GL = 101.82m

GL = 101.79m

1 in 10-year

102.38m

102.37m

102.35m

101.42m

102.38m

1 in 100-year

102.88m

102.87m

102.87

101.63m

102.59m

1 in 500-year

103.17m

103.17m

103.17m

101.78m

102.74m

While we have not assessed a “tide only” flooding scenario in the model, it is possible that a combination of
storm surge, high tides and climate change will result in overland flow and/or backflow of sea water up the
stormwater network into the low area where the new Dunedin Hospital is to be built.

Figure 8: Schematic sketch of levels at the new Dunedin Hospital
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3.6

Residual Factors

3.6.1

Climate Change Effects on Rainfall

Current advice from the Ministry for the Environment is that extreme rainfall will increase by 10% in the Leith
catchment to 2120.
3.6.2

Climate Change Effects on Sea Level Rise

A sea-level rise allowance of 0.8m to 2090 is included in the model, corresponding to the minimum projection of
sea-level rise to 2090 in the current Dunedin City Climate Change Predictions Policy (2011) and to the
allowance included in the Dunedin City Council’s Methodology for Determining Minimum Floor Levels (2011).
The latest guidance (December 2017) from the Ministry for the Environment for the planning of major new
infrastructure is to consider the NZ RCP8.5 H+ sea-level rise scenario. The projected sea-level rise in this
scenario is +0.90m to 2090, increasing to +1.36m to 2120 and +1.88m to 2150.
Proposed legislative changes may result in further changes to the advice on allowing for the effect of climate
change on sea levels. This presents a risk to the floor level recommendations.
3.6.3

Astronomical Tide

The approach of using a two-hour storm duration in conjunction with a tide rising from Mean Sea Level means
that the Astronomical tide could add another +0.1m to the sea level.
3.6.4

Mean Level of Sea

The extreme sea level values used in the model are relative to Mean Level of Sea (MLOS) in Dunedin in 2000.
The value of MLOS to Otago Metric Datum varies and inclusion of this component could add another +0.1m to
the sea level.
3.6.5

Summary of Effects of Residual Factors

Ministry for the Environment updated their advice on the effects of climate change in 2017 (rainfall and other
atmospheric conditions) and 2018 (coastal hazards and sea level rise), based on the IPCC Fifth Assessment.
As the advice is relatively recently published, methods for incorporating it into planning and engineering advice
are still being developed.
We have not used the model to assess the effects of increased rainfall on flooding. The 2018 advice from the
Ministry for the Environment was not available to be included in the model at the time. For scenarios where the
modelling shows the flood extents are dominated by coastal flooding (for example the 1 in 10-year) the increase
in rainfall may not materially change the flood depths and extents.
The 2017 advice from Ministry for the Environment in relation to sea-level rise and the inclusion of the top of the
tide and MLOS offset could increase the sea level by up to around 2.1m from baseline levels (1985 to 2005) to
the maximum future projection in 2150 (around 1.3m higher than the level adopted in the model).
Our recommendations for minimum floor levels in section 4 are the values required in current planning
instruments which are based on the 2008 Ministry for the Environment guidelines and our model results.
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4.

Conclusions and Recommendations

4.1

Conclusions
1. Our work has identified that the site is at risk of flooding from:

4.2

•

Spills the Leith Stream (fluvial flooding),

•

Flooding generated within the local North Dunedin catchment (pluvial flooding)

•

Coastal flooding from Otago Harbour.

Recommendations

We recommend:
1. Ministry of Health further consider the implications of assessing flood risk and determining floor levels
based on the climate change allowances included in current planning instruments based on 2008 MfE
guidance versus the latest 2017-2018 MfE guidance in terms of costs and risks to the development and
the expected lifetime of the development.
2. A sensitivity analysis is completed to quantify the risks and uncertainties in the minimum floor level
recommendations and to determine the appropriate amount of freeboard.
3. A coincident probability analysis is completed to determine the appropriate amount of storm surge.
4. Ministry of Health engages with Dunedin City Council and Otago Regional Council to identify solutions
to the flooding risks identified in this report and timeframes required for the implementation of these
solutions. Testing of the solutions should be undertaken using a validated model.
5. An assessment of the volumetric displacement of the hospital buildings is undertaken.
6. Vehicular access to the hospital by emergency services during flood events is assessed.
7. Until further assessment is completed the following minimum floor levels are used for the design of the
new Dunedin Hospital

Floor Level Type

Based on 2008 MfE
recommendations

General Open Space

102.87m

Habitable Floor

103.38m

Critical Floor

103.67m

8. Areas below the General Open Space level should be identified as susceptible to flooding and
managed appropriately.
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Appendix A. Flood Maps
A1 – 1 in 10-year event peak flood depths
A2 – 1 in 100-year event peak flood depths
A3 – 1 in 500-year event peak flood depths
A4 – 1 in 10-year event peak water surface levels
A5 – 1 in 100-year event peak water surface levels
A6 – 1 in 500-year event peak water surface levels
Note: A1 to A10 are at 1:3,500 scale and are centred on the site of the new Dunedin Hospital.
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Appendix B. Assumptions and Limitations
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Assumption or Limitation

Comment

Magnitude

The effect of key inputs to the
model on flood levels is not
well understood and may not
be sufficiently detailed to
support consent applications

High – sensitivity analysis is
recommended

General Assumptions
No comprehensive sensitivity
analysis has been undertaken

The allowance for blockage,
e.g. debris on bridge piers and
soffits, shellfish growing on
pipe outlets to the sea is
included in the 500mm
freeboard.

The model outputs retain
conservativeness and may
over-estimate flood levels,
though this is dependent on
Ministry of Health’s appetite for
risk
The design and operation of
the stormwater system may
justify a lower freeboard than
required by the Building Code

High – would be considered
for inclusion in a sensitivity
analysis

No assessment of the
likelihood, magnitude or effect
on flooding of aggradation or
degradation in the open
channels has been
undertaken.

Changes to bed levels due to
the stream bed being mobilised
during high flows may change
the locations and flowrates of
spills from the Leith.

Unknown – aggradation and
degradation of the channel
has not been assessed.
Would be considered for
inclusion in a sensitivity
analysis.

The assumption that it is
appropriate to use a 1 in 500year level of protection for
critical floors, which was used
in the Initial Assessment based
on a literature search and is
consistent with US Federal
Emergency Management
Agency (FEMA) guidelines,
has been adopted.

Further assessment of the
appropriate level of protection
may be required.

Low – the model runs for
different levels of protection,
e.g. 1 in 200-year or 1 in
1,000-year using the same
methodology are not expected
to be difficult to implement, if
they are necessary.

The assumption that it is
appropriate to use a planning
horizon at 2090, which was
used in the Initial Assessment
based on a literature search
and current climate change
prediction planning horizons in
Dunedin, has been adopted.

Further assessment of the
appropriate planning horizons
may be required. The decision
on the appropriate planning
horizon depends, in part, on
how long Ministry of Health
intend to occupy the site.

Medium – the main changes
would be to the rainfall and
sea level inputs. The model
would need to be re-run with
the updated inputs. Would
be considered for inclusion
in a sensitivity analysis.

Assumptions and Limitations Relating to the Open Channel Model
Open Channel Model Extension
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Assumption or Limitation

Comment

Magnitude

The stream channel model of
the Leith, which we sourced
from Otago Regional Council,
includes the reach from the
harbour up to Dundas Street.
We requested the model of the
next reach upstream from
Dundas Street and were
advised that due to its age,
Otago Regional Council
determined it should not be
provided to us. We extended
the reach of the model we
were provided upstream to the
location of the Malvern Street
bridge using:

The characteristics of spill from
the Leith upstream of Dundas
Street are less well estimated
than for the section below
Dundas Street

Unknown – Without further
information on the stream
configuration it is not
possible to quantify how
accurately the spill is
estimated. We recommend
further investigation is
undertaken, initially to
assess whether the current
is over-estimating or
underestimating the spill
from this reach.

The average water level and
the flow rate are not affected;
however, a consequence is
that the peak water level is not
correctly estimated by the
model. This could be mitigated
by estimating the effect of the
super-elevation and the
standing waves using standard
engineering methods and
adding these to the average
water level from the model,
then comparing the result to
the elevation of the floodwall
on the true right side of the ITS
Building Bend, however this
has not been attempted.

Unknown

•
•

•

Aerial photography to
identify the channel
alignment
Photographs from our site
visit in 2018 and Google
Street view to estimate
typical cross sections.
LiDAR data from 2009 to
estimate top of bank
levels.

ITS Building Bend
Otago Regional Council
advised that their model had
limitations around the ITS
Building Bend. They report
that during storm events the
flow around the bend becomes
super-elevated, and that
standing waves can form.
Otago Regional Council used a
physical model to understand
the performance of the stream
in this area.
This limitation has been
inherited by the current
modelling.

Assumptions and Limitations Relating to the Pipe Model
Pipe Model Trimming
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Assumption or Limitation

Comment

Magnitude

By trimming the pipe model
both the capacity of the piped
stormwater network to convey
flow and the storage volume
within the pipe network are
under-estimated.

The proportion of the flood flow
on the surface is increased.
The effect is greater in smaller
and more frequent flood
events.

Low – a more detailed
representation of the piped
stormwater network is not
justified at this stage

This avoided the time and cost
associated with gathering data
in the field.

Low - the methods used will
have an insignificant effect on
the overall flooding and the
method applied is generally
slightly conservative.

Pipe Model Tidy Up
Tidy up of the piped
stormwater network was
undertaken as a desktop
exercise.

Bifurcations and Pump Stations
Bifurcations were modelled
with matching inverts.

The distribution of flows within
the pipe network is less
accurately represented than
would otherwise be the case.

Unknown – insufficient
information is available to
assess the effect, though the
likely impact is minor

Pump stations were modelled
without pumps.

The pumps are designed to
drain down the pipe network.
They are in the low-lying area
that is flooded by several
metres of water and, as they
discharge to nodes within this
area the effect on the peak
flood levels will be negligible.

Low – the pumps are
understood to be small and will
have no significant effect
during large storm events. In
addition, when the flooding is
caused by high sea levels the
pumps will have no effect on
flooding.
Increased pump capacity,
along with other measures,
may be a part of a wider
solution to reduce flood risk
in North Dunedin and the
CBD. It is recommended for
further discussion with DCC
and ORC.

Assumptions and Limitations Relating to the Floodplain Model
The floodplain model was used
LiDAR data from 2009 as its
primary data source. No
assessment of the effect of
these changes has been
undertaken.

There have been changes to
the topography within the
catchment in the time since the
LiDAR data were collected.

Unknown – further checks
are recommended.

Surface roughness is not
varied spatially. Buildings and
fences are not explicitly
represented in the terrain.

These two assumptions limit
the ability of the model to
accurately represent overland
flowpaths.

Unknown - Would be
considered for inclusion in a
sensitivity analysis.
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Assumption or Limitation

Comment

Magnitude

The boundary at the southern
end of the floodplain model is
arbitrary and may not
represent the flows and levels
accurately.

The location of this boundary is
approximately 1.8km from the
site.

Unknown – thought to be Low.

The nature of the soils at the
site and their susceptibility to
settlement has not been
assessed as part of this study.

Changes to flood depths due to
settlement of the soils, which
may be recent fill, are not
allowed for.

Unknown – this was not in
scope.

Assumptions and Limitations Relating to the Hydrology
HIRDS version 4 data have
been extracted and compared
to the inputs used for the Initial
Assessment; the equivalent
depths are 10% higher for the
2-hour storm we used.

Unknown – The trend
towards higher rainfalls
would result in increased
flood depths, and the effect
would be considered for
inclusion in a sensitivity
analysis.

We have not assessed the
uncertainty in the HIRDS
rainfall data.

Uncertainty data are no longer
available for the rainfall data
we used because HIRDS
version 3.

Low

We have assumed the rainfall
data we extracted in the Initial
Assessment can be applied to
the entire catchment area and
we have not assessed the
spatial variability of the rainfall.

Assessment of the spatial
variability of rainfall was not in
scope.

Unknown - Would be
considered for inclusion in a
sensitivity analysis.

We have assumed the critical
duration identified in the Initial
Assessment, which is two
hours, is applicable to this
study.

For flooding from the local
catchment, the critical duration
is likely to be less than two
hours due to the smaller
catchment size.

Unknown - Would be
considered for inclusion in a
sensitivity analysis.

The two-hour critical duration
was established by sensitivity
analysis in the Initial
Assessment.

For flooding with a strong tidal
influence, the critical duration
may be similar to or longer
than the tide cycle, i.e. 12 to 24
hours.

We have adopted the DCC
hyetograph shape, which was

We have not tested the model
with ORC’s hydrological

We have not assessed the
effect of the change from
HIRDS version 3 to version 4
on flooding.
HIRDS version 3, which was
an on-line resource, is no
longer available.

We have assumed that the
rainfall depths in the upper
Leith catchment are
representative of the rainfall
across the entire catchment.
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Assumption or Limitation

Comment

Magnitude

also used in the Initial
Assessment

method, because this was not
in scope.

inclusion in a sensitivity
analysis

We have used the Rational
Method to calculate runoff
rates, which is consistent with
our offer of service and was
used in the Initial Assessment

The Rational Method is a
simple method. While more
complex methods are
available, they were risky to
implement in the time available
and were excluded from scope
for this reason.

Unknown - Would be
considered for inclusion in a
sensitivity analysis.

Imperviousness is assumed to
not change within the planning
horizon.

The C values used for the
urban, commercial and
industrial subcatchments and
for the subcatchments in the
hills to the west of North
Dunedin and the CBD are
relatively high, at 0.9 and 0.8
respectively, and as the
maximum value for C is 1,
there is little room for the
values to increase.

Low

The predominantly rural
subcatchments are not
expected to be subject to
significant increases in
imperviousness that would
increase the runoff coefficient.
Even if they were subject to
significant growth, the
conditions associated with the
landuse consents would be
likely to include a requirement
to attenuate increases in runoff
back to pre-development
levels.
Assumptions Relating to the Sea Level Boundary Condition
NIWA’s assessment of storm
surge excluded wave set-up,
wave run-up and seasonal to
inter-decadal variations in sea
level.

These effects are not explicitly
included in our assessment.

Low

Local Adjustment Factors,
which are a component of
DCC’s Methodology for
Determining Minimum Floor
Levels and include wave setup and wave run-up, are
assumed to be zero.

Insufficient data were available
to assess an appropriate value
in the timeframe available

Unknown – thought to be Low.
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Assumption or Limitation

Comment

Magnitude

We have assumed that the 1 in While some storm surge is to
x-year rainfall event will
be expected with extreme
coincide with a 1 in x-year
rainfall events, having events
storm surge. For the 1 in 500of the same magnitude
year event, we have assumed
coincide is a conservative
that the 1 in 500-year rainfall
assumption.
will occur at the same time as
a 1 in 500-year storm surge.
Assumptions Relating to the Results and Freeboard

High – a coincident
probability to assess the
appropriate sea level is
recommended.

No site-specific assessment of
freeboard has been
undertaken, and the default
value from the Building Code is
recommended.

A site-specific assessment
may result in a lower freeboard
being recommended

Medium – the correct
freeboard value would be an
output of a sensitivity
analysis.

No assessment of the effects
of volumetric displacement has
been completed. Volumetric
displacement occurs where
areas of land that are currently
subject to inundation are
removed from the floodplain,
for example by the placement
of fill or by the construction of
solid walls, e.g. walls made of
concrete slabs or breeze
blocks.
We have not undertaken an
assessment of options to
remediate flooding.

Assessment of the effects of
volumetric displacement is
commonly part of consent
application processes.

Medium – an assessment of
the volumetric displacement
effects is recommended.

The site is vulnerable to
flooding from the sea and from
the local catchment

High – working with DCC and
ORC to identify solutions to
flooding is recommended.

NOTE - Where an action is recommended to address the assumption or limitation, the relevant words in the
Magnitude column is emphasized as bold text.
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Appendix C. LiDAR Metadata Statement

IZ112700-1000-CH-0002

Data Supply Metadata s1
Project

Dunedin City Council LiDAR 2009

Client

Dunedin City Council

Client
Contact

Tracey Willmot

Summary of
Data

09.089

NZ Aerial Mapping (NZAM) collected LiDAR sensor data over the Dunedin
City area of interest of approximately 88 sq km. The data was processed into
various digital map data products. The supplied products include:
• Project extent data and tile layout
• Ground point cloud
• Above ground point cloud
• Unclassified point cloud
• Orthophotos
Please refer to the report section Product Generation and Data Supply for details
on these products.

The project area coverage over bulk of the urban extent of Dunedin is that
shown in the ESRI shape file “extents” that accompanies the dataset. The total
project is approximately 88 sq km in area. A map showing the area of interest
is included in Appendix A.

Data
Acquisition

The LiDAR and digital imagery was collected on 5 September 2009, using NZ
Aerial Mapping’s Optech ALTM 3100EA LiDAR system and Rollei AIC
medium format digital camera. It was collected flying 1,200 metres above the
ground, and using a field of view of 16 degrees either side of nadir. The
system PRF was set at 70kHZ.
The Trimble iBASE geodetic reference station OTG was used for the collection
of GPS receiver station data during the aerial data acquisition.
Independent of the aerial acquisition work, Sounds Surveying Ltd field
surveyed check sites, to be later used to verify the accuracy of the processed
ground dataset. The field survey work was undertaken on 15 September
2009. This work was tied into the LINZ geodetic reference marks A2H2,
A0VA, BD53, AG18, BD53, AG18, BD5W, B907, BD51, AFEM, A24J and AFFT.

The LiDAR sensor positioning and orientation (POS) was determined using
the collected GPS/IMU datasets and Applanix POSPac software. This work
was all undertaken in NZGD2000 coordinate system using the data collected
at the geodetic reference mark for the DGPS processing.
The POS data was combined with the LiDAR range files and used to generate
LiDAR point clouds in New Zealand Transverse Mercator (NZTM) map
projection but NZGD2000 ellipsoidal heights. This process was undertaken
using Optech DASHMap LiDAR processing software. The data was checked
for completeness of coverage. The relative fit of data in the overlap between
strips was also checked. The point cloud data was then classified into
ground, first and, intermediate returns using automated routines tailored to
the project landcover and terrain. The subsequent steps were undertaken
using TerraSolid LiDAR processing software modules TerraScan, TerraPhoto
and TerraModeler.
The Rollei camera images were developed into 8 bit per channel
uncompressed TIFF format images. The LiDAR POS data was transformed
for use with the camera, and this data was used with the automated classified
ground LiDAR point cloud data to produce orthophotos with a ground
sample distance of 0.2m. The Rollei AIC camera is a semi-metric camera and
the orthophotos contain mosaic mismatches. Their primary use is to support
the classification of the LiDAR point cloud.
Data
Processing

Comprehensive manual editing of the LiDAR point cloud data was
undertaken to increase the quality of the automatically classified ground
point dataset. This editing involved visually checking over the data and
changing the classification of points into and out of the ground point dataset.
Particular attention was made to hydrologic features and areas of vegetation.
The Rollei orthophotos were used as a backdrop when undertaking the
manual editing. As part of the manual edit process LiDAR returns from
water bodies were removed from the ground point dataset and placed in their
own dataset. Supplementary points were also added to dataset along and
around a selection of hydrologic features.
The data was converted from NZGD2000 ellipsoidal heights into orthometric
heights using the LINZ NZGeiod05 separation and offset model. The data
was further adjusted to make the data in terms of the orthometric heights of
LINZ geodetic reference marks AG18, AFEM, A24J and AFFT.
The height accuracy of the processed data has been checked using the survey
check site dataset that Sounds Surveying provided. This was done by
calculating height difference statistics between a TIN of the LIDAR ground
points and the checkpoints and eight locations where check site surveys were
undertaken. The standard deviation statistic for the entire set of check points
is +/-0.06m.
The positional accuracy of the dataset was checked by examining the location
of two horizontal check site data overlaid on a LiDAR intensity view of the
data. The data was found to fit well against the surveyed data.

The supplied products are all in terms of New Zealand Transverse Mercator
(NZTM) map projection, and Dunedin Vertical Datum 1958.
The point cloud products are all in ASCII X Y Z I (mE mN O Intensity) file
format. The point cloud data has been tiled into NZTopp50 1:2,000 map sheet
tiles. The tile layout is provided in the ESRI shape file “tiles” that
accompanies the dataset.
The folder Ground contains the LiDAR point cloud points that have been
classified as ground returns and the supplementary points added to the
dataset.
Product
Generation &
Data Supply

The folder AboveGround contains the LiDAR point cloud points that have
been classified as having elevations higher that a TIN formed from the DTM
point cloud.
The folder Unclassified contains the Above Ground and ground return points
in a combined file.
The folder Orthophotos contains the 0.2m GSD orthophotos produced using
the Rollei AIC camera imagery. These orthophotos are in TIFF/ESRI TFW file
format.
If you have requirements for the data in other file formats, map projections or
different products such DEM and surface models please contact NZAM. Our
contact details are provided below.

Supplier

NZ Aerial Mapping Ltd

Address

208 Warren Street
PO Box 6
Hastings
New Zealand

Phone

64-6-873 7550

Supplier
Contact

Dave Froggatt (dave.froggatt@nzam.com)

Date of
Metadata
Creation

27 November 2009

Author

Tim Farrier

Appendix A: Project Area and data tile layouts
Areas of interest shown as purple outline. Data tiles shown as orange outlines.
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2009

