Safety and Resilience Committee 10 May 2023 - Agenda

Safety and Resilience Committee Siz(n,ai:gna]
10 May 2023 == Council

Meeting will be held in the Council Chamber at Level 2, Philip Laing House
144 Rattray Street, Dunedin
ORC Official YouTube Livestream

Members:
Cr Gary Kelliher (Co-Chair) Cr Tim Mepham
Cr Alan Somerville (Co-Chair)  Cr Andrew Noone

Cr Alexa Forbes Cr Gretchen Robertson
Cr Michael Laws Cr Bryan Scott

Cr Kevin Malcolm Cr Elliot Weir

Cr Lloyd McCall Cr Kate Wilson

Senior Officer: Pim Borren, Interim Chief Executive

Meeting Support: Liz Spector, Governance Support Officer

10 May 2023 02:00 PM

Agenda Topic Page
1. WELCOME

2. APOLOGIES

No apologies were submitted prior to publication of the agenda.

3. PUBLIC FORUM

Requests to speak should be made to the Governance Support team on 0800 474 082 or to governance@orc.govt.nz at least 24 hours
prior to the meeting, however, this requirement may be waived by the Chairperson at the time of the meeting. No requests to speak
were made prior to publication of the agenda.

4. CONFIRMATION OF AGENDA

Note: Any additions must be approved by resolution with an explanation as to why they cannot be delayed until a future meeting.

5. DECLARATION OF INTERESTS

Members are reminded of the need to stand aside from decision-making when a conflict arises between their role as an elected
representative and any private or other external interest they might have. Councillor interests are published on the ORC website.

6. CONFIRMATION OF MINUTES 3

6.1 Minutes of the 23 February 2023 meeting 3



https://www.youtube.com/channel/UC77y56iqIzQYFTyLKUHzQXg
https://www.orc.govt.nz/our-council-our-region/our-council/register-of-members-pecuniary-interests
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MATTERS FOR CONSIDERATION 6

7.1 HEAD OF LAKE WHAKATIPU FLOODPLAIN AND LIQUEFACTION HAZARD 6
INTERVENTION ASSESSMENTS

This report informs the Committee of findings of assessments of potential hazard management approaches or interventions for
liquefaction and floodplain hazards at the Dart-Rees floodplain and Glenorchy township, and to provide an update on other
activities in the Otago Regional Council-led work programme to develop a natural hazards adaptation strategy for the area at
the head of Lake Whakatipu.

7.1.1 Damwatch Engineering Ltd 2022 Dart- Rees floodplain hazards adaptation 22
workshop report

7.1.2 Tonkin+ Taylor Ltd 2023 Engineering Options for Managing Liguefaction 159

7.2  OTAGO REGION NATURAL HAZARDS RISK ASSESSMENT 193

This report details the work programme to undertake a natural hazards risk assessment for Otago and development of an
approach to inform natural hazard risk management/adaptation planning and implementation.

CLOSURE
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Minutes of an ordinary meeting of the Safety and Resilience Committee held in the
Council Chamber, Level 2 Philip Laing House, 144 Rattray Street, Dunedin on
Thursday, 23 February 2023, commencing at 1:00 PM.

PRESENT
Cr Gary Kelliher (online) (Co-Chairperson)
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1. WELCOME

Co-Chairperson Alan Somerville welcomed Councillors, members of the public and staff to the
meeting at 11:49 a.m. and led the meeting in a karakia. Staff present included Nick Donnelly
(GM Corporate Services), Anita Dawe (GM Policy and Science), Richard Saunders (GM
Communications), Liz Spector (Governance Support), Michelle Mifflin (Manager Engineering),
Pam Wilson (Infrastructure Engineering Lead), Jean-Luc Payan (Manager Natural Hazards) and
Glen Mitchell (Team Leader CDEM Group Office).

2. APOLOGIES

Resolution: Cr Weir Moved, Cr Forbes Seconded:

That the apologies for Cr Laws, Cr Scott be accepted. Cr McCall also indicated he would need to
leave at 12:30p.m.

MOTION CARRIED

3. PUBLIC FORUM
There were no requests to speak during Public Forum.

4. CONFIRMATION OF AGENDA
The agenda was confirmed as published.

5. DECLARATION OF INTERESTS
No changes to the Councillor Register of Interests were advised.

6. MATTERS FOR CONSIDERATION

6.1. River Management Update

This report provided an update on the progress of recovery from the July/August 2022 floods
and earlier floods and updated the Committee on river management operational progress of
global consents, development of work programmes for 2022/23 and asset management plans
for plantings alongside riverbanks. Michelle Mifflin (Manager Engineering), Pam Wilson (Team
Leader Infrastructure Engineering) and Jean-Luc Payan (Manager Natural Hazards) were
available to respond to questions.

Following Councillor questions and discussion of the report, it was moved:

Resolution SRC23-101: Cr Malcolm Moved, Cr Noone Seconded
That the Committee:
1) Notes this summary.
2)  Notes the progress that is being made with the reporting, planning and progression of
the framework that supports river management activities.
3) Notes the update of the recovery resulting from the July/August 2022 floods and earlier
floods

MOTION CARRIED
Cr McCall left the meeting at 12:25 p.m.
6.2. Civil Defence Emergency Management (CDEM) quarterly update

This report was provided explain the CDEM framework and ORC’s role and to provide a
summary of CDEM group activity across the group’s three areas of focus: Managing
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risk, Effective response to and Recovering from Emergencies, and Enabling, Empowering
and Supporting Community Resilience. Glenn Mitchell (Team Leader Group Office CDEM) and
Jean-Luc Payan (Manager Natural Hazards) were present to respond to questions about the
report.

Following Councillor questions, the report was noted.

Resolution SRC23-102: Cr Wilson Moved, Cr Robertson Seconded
That the Committee:
1) Notes this report.
2) Notes the updates in relation to the Alpine Fault Project (AF8), TRIFECTA,
Catastrophic event planning (CAT Plan)

MOTION CARRIED

7. CLOSURE
There was no further business and Co-Chair Somerville declared the meeting closed at 12:33
pm.

Chairperson Date

MINUTES - Safety and Resilience Committee 2023.02.23
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7.1. Head of Lake Whakatipu floodplain and liquefaction hazard intervention assessments

Prepared for: Safety and Resilience Comm

Report No. OPS2256

Activity: Governance Report

Author: Jean-Luc Payan, Manager Natural Hazards; Tim van Woerden, Natural
Hazards Analyst

Endorsed by: Gavin Palmer, General Manager Operations

Date: 10 May 2023

PURPOSE

(1]

To inform the Committee of the findings of assessments of potential hazard
management approaches or interventions for liquefaction and floodplain hazards at the
Dart-Rees floodplain and Glenorchy township, and to provide an update on other
activities in the Otago Regional Council-led work programme to develop a natural
hazards adaptation strategy for the area at the head of Lake Whakatipu.

EXECUTIVE SUMMARY

(2]

(3]

[4]

[5]

(6]

(71

The Otago Regional Council (ORC) led natural hazards adaptation programme for the
area at the Head of Lake Whakatipu is now moving into the next phase of the adaptation
(DAPP) approach “What can we do about it?”

The reports presented in this paper are the first to assess potential hazard management
approaches for liquefaction and floodplain hazards specific to the Glenorchy township
and Dart-Rees floodplain area.

These hazard management approach assessments were undertaken following the
hazard assessments previously reported to Council which indicated a major earthquake?
or flooding? event would have severe impacts in this area.

The reports are intended to help ORC, QLDC, and the local community understand
potential engineering approaches or interventions for managing the liquefaction and
flooding hazards identified in Glenorchy and in the Dart-Rees floodplain area.

The reports do not give recommendations for which hazard management interventions
may be feasible or should be investigated further, but for each intervention considered,
aims to outline the challenges and constraints as a starting point to inform continued
discussions.

ORC is using the Dynamic Adaptative Pathways Planning (DAPP) approach as a
framework for development of a natural hazards adaptation strategy, with the first
iteration of the strategy document expected to be completed by June 2024.

" Tonkin + Taylor Ltd, 2022. Glenorchy Liquefaction Vulnerability Assessment. Report prepared for Otago
Regional Council.
2 Land River Sea Consulting Ltd, 2022. Dart-Rees flood hazard modelling. Report prepared for Otago
Regional Council.

Safety and Resilience Committee 2023.05.10



Safety and Resilience Committee 10 May 2023 - MATTERS FOR CONSIDERATION

[8]  The strategy document will contain an overarching view of the context, principles and
strategic elements, and be supported by a series of operative ‘action plan’ documents

[9]1  This paper outlines key activities in the proposed work programme to develop a natural
hazards adaptation strategy.

[10] This paper also provides updates on other activities in this work programme, including
current or planned natural hazard and risk assessments.

RECOMMENDATION

That the Safety and Resilience Comm:

1) Notes this report.

2) Notes the report by Tonkin + Taylor Ltd; Engineering approaches for managing
liquefaction-related risk, dated February 2023 and the report by Damwatch
Engineering Ltd; Dart-Rees floodplain adaptation — Report on 23-24 February
workshop, dated November 2022.

3) Notes the findings presented in these reports.

4) Endorses the use of the information presented in these reports to inform natural
hazard management and adaptation decision-making for the Dart-Rees floodplain
and Glenorchy.

5) Notes the proposed scope and intent of the Head of Lake Whakatipu natural
hazards work programme.

BACKGROUND

[11]

[12]

[13]

[14]

The area at the head of Lake Whakatipu (Whakatipu-Wai-Maori) is exposed to multiple
natural hazard risks, including those due to seismic events, flooding and slope-related
processes.

ORGC, in collaboration with project partners, is leading a programme of work to develop a
natural hazard adaptation strategy for the head of Lake Whakatipu area.

The adaptation project approach and work activities previously completed are outlined
in the papers presented to Council in May 2021,% and to the Data and information
Committee in June 2022.%

In June 2022, the Data and information Committee considered the paper, Head of Lake
Wakatipu flooding and liquefaction hazard investigations, and made the following
resolutions;

1) Notes this report.

2) Notes the report by Tonkin + Taylor Ltd; Glenorchy liquefaction vulnerability
assessment, dated May 2022 and the report by Land River Sea Consulting Ltd;
Dart-Rees flood hazard modelling, dated May 2022.

3) Notes the findings presented in these reports.

4) Endorses the use of the information presented in these reports to inform
adaptation decision-making for Glenorchy.

3 van Woerden T & Payan J, 2021. Natural Hazards Adaptation in the Head of Lake Wakatipu. ORC
Report HAZ2105, Report to 27 May 2021 meeting of the Otago Regional Council.

4 van Woerden T & Payan J, 2022. Head of Lake Wakatipu flooding and liquefaction hazard investigations.
ORC Report HAZ2202, Report to 9 June 2022 meeting of the Otago Regional Council Data and
Information Committee.

Safety and Resilience Committee 2023.05.10
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5) Notes the Shepherd’s Hut Creek debris flow event and the actions taken by ORC in
response to that event.

6) Notes the establishment of the Queenstown-Lakes District Natural Hazards
Steering Group which has further strengthened the working relationship between
ORC and Queenstown Lakes District Council staff on the management of natural
hazards.

[15] In June 2022, technical reports were presented which outlined findings of assessments
of liquefaction and flooding hazards.

[16] The liquefaction hazard assessment® showed that Glenorchy township is underlain by a
thick sequence of sediments which are highly susceptible to liquefaction, and lakefront
areas are also vulnerable to the impacts of lateral spreading.

[171 A liquefaction and lateral spreading vulnerability categorization was developed for the
Glenorchy township study area using the criteria in the MfE/MBIE Guidance (Figures 1
and 2).
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criteria shown in Figure 2. This vulnerability categorisation mapping can also be viewed within ORC’s
natural hazards portal (http://hazards.orc.govt.nz).

5 Tonkin + Taylor Ltd, 2022. Glenorchy Liquefaction Vulnerability Assessment. Report prepared for Otago
Regional Council.

6 MBIE & MfE. (2017). Planning and Engineering Guidance for Potentially Liquefaction-prone Land. New
Zealand Ministry of Business, Innovation and Employment, Building System Performance Branch.

7 Appendix A of Tonkin + Taylor, 2022. Glenorchy Liquefaction Vulnerability Assessment.
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Increasing likelihood and severity of ground damage
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Figure 2: Liquefaction vulnerability criteria developed for the Glenorchy township study area. This
follows the MfE/MBIE Guidance (2017), with the addition of categories for those areas with high
vulnerability to both liquefaction and lateral spreading damages.

[18] The flooding hazard assessment® showed that large-magnitude flooding events on the
Dart-Rees rivers could have widespread impacts across the floodplain. In the northern
parts of Glenorchy township, floodwaters could inundate residential dwellings with
floodwater depths in the range 0.5-2 metres and highest floodwater velocities in the
range 0.5-2 m/s (Figure 3).

[19] Figure 3, and other flood modelling results reported, show the findings of specific
scenarios for flooding derived only from the Dart and Rees Rivers and Lake Whakatipu.
This does not represent the largest possible ‘worst case’ flooding event at Glenorchy,
and also does not include other inflows from additional potential flooding sources such
as the Buckler Burn, Bible Stream, or runoff from the hillslopes adjacent to the
township.

8 Land River Sea Consulting Ltd, 2022. Dart-Rees flood hazard modelling. Report prepared for Otago
Regional Council.

Safety and Resilience Committee 2023.05.10



Safety and Resilience Committee 10 May 2023 - MATTERS FOR CONSIDERATION

Figure 3: Model results for a Glenorchy flooding scenario with 100-year ARI river flows, and Lake
Whakatipu at 10-year ARI levels. This scenario also includes the effects of climate change on river
flows (RCP 8.5), and an avulsion of the Rees River channel eastwards towards the Glenorchy Lagoon.
Colouring shows peak floodwater depths according to the included legend. Flood modelling results for
a selection of modelled scenarios are also available for viewing within ORC’s natural hazards portal
(http://hazards.orc.govt.nz).

[20]

[21]

[22]

[23]

[24]

The investigations presented in June 2022, and other previous natural hazard
assessments, have focused largely on understanding the hazard characteristics. The new
studies presented in this paper will contribute to the understanding of the potential
approaches available for management of those hazards.

The two reports presented here have considered the range of engineered approaches
available as potential hazard management interventions for liquefaction or floodplain
hazards.

These new reports have not considered land-use planning approaches to management
of natural hazard risks. These approaches will be within the scope of a future
assessment.

Figure 4 shows a conceptual overview of key activities in the head of Lake Whakatipu
natural hazards adaptation work programme, with the programme currently essentially
focussing on the third Phase, “What can we do about it?".

The two studies reported in this paper are the first to investigate potential natural
hazard management approaches/interventions as part of the work programme, these
are highlighted in Figure 4.

Safety and Resilience Committee 2023.05.10
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Figure 4: Head of Lake Whakatipu programme conceptual overview of key activities, the two studies reported in this paper are highlighted (red outline).
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LIQUEFACTION HAZARD MANAGEMENT ASSESSMENT

[25]

[26]

[27]

[28]

[29]

(30]

(31]

(32]

(33]

The report is titled Engineering approaches for managing liquefaction-related risk and is
attached as Appendix 1.

The report identifies a range of engineering mitigation techniques that could be
considered for land, buildings and infrastructure, for the management of liquefaction
and lateral spreading hazard at Glenorchy township. The techniques considered span
from very robust options through to a “do nothing” option.

The report then shows how these techniques could be applied across the township, and
provides a preliminary high-level assessment of how effective these mitigation works
could be in reducing damage, and an indicative relative cost comparison.

The report notes that the more robust end of the range might be impractical or
unaffordable, while the less robust end of the range might not satisfy Building Code or
insurability requirements. However, for completeness, the report includes these options
to provide context for discussion about the range of potential options that could be
considered.

Pre-emptive management of liquefaction and lateral spreading hazard through the use
of engineered approaches is very challenging in locations of existing development.

As an indication of the scale of work that would be required at the more robust end of
the range, Options A to D presented in the T+T report include a strip of deep ground
improvement constructed on public land running along the edge of the lake.®

Based on the indicative relative cost estimates presented in the February 2023 T+T
report, T+T advise that the construction cost for this edge-treatment work alone would
likely be many tens of millions of dollars.

In addition to this, many of the mitigation options include ground improvement across
the wider township (under both public and private buildings and infrastructure), and
there would also be additional coordination and enabling works costs associated with
such a large programme of community-wide works. T+T advise that this could bring the
overall cost into the hundreds of millions of dollars.

Aside from cost, these engineered interventions considered also have other significant

challenges associated with their implementation and effectiveness;

. These interventions do not provide a complete reduction in the natural hazard
impacts. It is estimated that 25-30% of buildings and infrastructure in the lateral
spreading hazard areas would suffer severe liquefaction damage in a large
earthquake, even if comprehensive mitigation works were undertaken.

° These interventions involve the undertaking of large-scale engineering works and
would likely be highly disruptive to the local community.
. Some of the area vulnerable to liquefaction and lateral spreading damage is also

exposed to other types of natural hazard, such as flooding hazards from Lake
Whakatipu, the Rees River or Buckler Burn. Consideration of any potential hazard
management interventions for liquefaction and lateral spreading should be part of

9 This ground improvement would need to be in the order of 15 — 20m deep, 30 — 40m wide, and
approximately 1.5km in length (information provided by Mike Jacka, T+T).

Safety and Resilience Committee 2023.05.10
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an integrated response considering the full natural hazard risk profile, not just the
seismic-induced hazards.

FLOODPLAIN HAZARD MITIGATION ASSESSMENT

[34]

[35]

(36]

(37]

(38]

[39]

[40]

The report is titled Dart-Rees floodplain adaptation — Report on 23-24 February
workshop and is attached as Appendix 2.

This investigation was undertaken to identify the potential engineering or river
management approaches available for management of flooding and floodplain hazards.

The report assesses possible management interventions for three areas of interest
where flooding or erosion may impact the community or infrastructure in the head of
Lake Whakatipu area. These areas are;

. The lower Rees River and Glenorchy township.

. The Dart floodplain and Kinloch access.

. The Rees floodplain and the Rees bridge

The report does not give recommendations for which hazard management interventions
may be feasible or should be investigated further, but for each intervention considered
aims to outline the benefits, challenges and constraints. This information is intended as
a starting point to inform the development of the natural hazards adaptation strategy.

For each area of interest, the report also outlines information gaps identified, and gives
recommendations for monitoring and additional analysis to address those gaps.

ORC and QLDC will consider the report’s findings, including recommendations for
monitoring and additional analysis, and discuss responsibilities for possible
implementation of these tasks.

Several new assessments for flooding or floodplain hazard management are currently in

progress or being scoped, prompted by the findings of this report by Damwatch;

. An investigation of approaches to developing a flood forecasting model for Rees
River flooding events at Glenorchy township (in progress).

. A technical study to investigate in more detail engineered interventions which
may be able to provide a reduction in the flood hazard for the Glenorchy
community (scoping).

. QLDC is currently undertaking a preliminary options assessment for management
of the Rees River bridge. ORC is collaborating with and assisting QLDC to support
their assessments.

NATURAL HAZARD RISKS

[41]

(42]

One factor in assessing the need for a hazard management or adaptation response is the
level of natural hazard risk present.

A preliminary assessment of the natural hazard risk for Rees River flooding and
liqguefaction/lateral spreading at Glenorchy is shown in Table 1. This is a qualitative risk
matrix assessment using the approach described in the proposed Otago Regional Policy
Statement 2021 (Table 2).

Safety and Resilience Committee 2023.05.10
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[43] This preliminary risk assessment shows that individual risks for these hazards are
relatively high, and for any area exposed to both liquefaction/lateral spreading and Rees
River flooding, the risks considered together would also be cumulatively classed as
‘significant’.

[44] A comprehensive natural hazard risk assessment is planned to be carried out for
Glenorchy and Kinloch (see paragraphs 75-76). This will include a detailed assessment of
all of the main natural hazard risks, including refinement of the preliminary assessments
shown here.

Table 1: Preliminary risk classifications for Rees River flooding and liquefaction/lateral spreading at
Glenorchy.

Likelihood
Almost Certain / Likely

Risk Class
SIGNIFICANT

(where likelihood
is Almost Certain)

Consequence
Major

It has been estimated that the Rees-Glenorchy
floodbank structure will not prevent flooding in
the township for river flow events of a 5% AEP
(20-year ARI) or greater. Moderate flooding
events of 2-5% AEP (20-50 year ARI) classed as
Almost Certain.

Major flooding events with likelihood in the

In a flooding event, estimated 21-50%
of buildings within the flooded area

have their functionality compromised, TOLERABLE
either as direct building damages (where likelihood
through occurrence of a floodwater is Likely)

depth greater than floor level or
indirectly through disruption to
building access.

range 1-2% AEP (50-100 year ARI event) classed
as Likely.

This assessment is an estimate for the present-
day flooding risk, however the likelihood and
severity of flooding is expected to increase in

future due to the effects of geomorphic and
climatic factors.

Likelihood Risk Class

Almost Certain Catastrophic SIGNIFICANT

An Alpine Fault earthquake has been estimated
to have an approximate conditional probability
equivalent to a 30-year ARl event.

Estimated to be a very high proportion
(75-90%) of severe damages to
buildings and infrastructure within the
lateral spreading hazard areas, and also
a high proportion (50%) of damage
within the area classed as a high
liquefaction susceptibility.

Table 2: The qualitative risk assessment matrix of the proposed Otago Regional Policy Statement
2021, showing preliminary assessment of the natural hazard risks for Rees River flooding and
liquefaction/lateral spreading at Glenorchy.

10 Assessments based on information reported by Land River Sea Consulting Ltd, 2022. Dart-Rees flood
hazard modelling.

11 Assessments based on information reported by Tonkin + Taylor, 2022. Glenorchy Liquefaction
Vulnerability Assessment, and Tonkin + Taylor, 2023. Engineering Approaches for Managing Liquefaction-
Related Risk.
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Consequences

Likelihood

Insignificant Minor Moderate Catastrophic

Almost certain

Likely

Rees flooding

Possible

Unlikely

Rare

Green, Acceptable Risk: Yellow, Tolerable Risk: Red, Significant Risk

DISCUSSION

[45]

[46]

[47]

(48]

[49]

The ORC-led natural hazards adaptation programme for the area at the Head of Lake
Whakatipu is now moving into the next phase of the adaptation (DAPP) approach “What
can we do about it?”

An Alpine Fault earthquake has a relatively high likelihood of occurring, estimated at
75% chance in the next 50 years. There is also a ~40-60% chance of a major (1-2% AEP)*?
flood in this 50-year period, and this flooding likelihood is expected to increase through
time in response to geomorphic and climatic drivers.

The relatively high likelihoods of these seismic and flooding natural hazard events
illustrate the need for proactive hazard management and adaptation planning.

This is a complex work programme considering multiple types of natural hazard with a
high degree of uncertainty, where no single intervention will ‘solve’ the natural hazard
challenges present.

The management of these hazards may require use of a series of diverse approaches
implemented progressively over time, referred to as ‘pathways’ in the adaptation
planning approach. Natural hazard management or adaptation approaches could
include;

. Continuation of the status quo; reactive small-scale actions to hazard impacts, but
not taking any proactive action to address natural hazards and accepting that
their impacts may increase in severity.

. Actions to anticipate hazard risk and reduce impacts of natural hazard events
when they occur, such as civil defence planning, or property-scale interventions
such as retrofitted modifications to increase the resilience of buildings to flooding
or seismic damages.

. Engineered ‘defence’ interventions attempting to modify the characteristics of the
hazard, such as flood protection structures or geotechnical ground improvement.
. Landuse planning approaches aiming to reduce the exposure of people and assets

within harm’s way in higher-risk areas.

12 Annual Exceedance Probability, meaning there is a 1-2% chance in any given year of the event
occurring.
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(50]

(51]

(52]

(53]

(54]

[55]

[56]

The two reports presented in this paper have focused on engineered approaches to
hazard management, a next assessment step will be review of other types of approaches
to natural hazard risk management such as land-use planning controls.

No hazard management approaches or interventions considered have yet been selected
or ruled out. All of these approaches are still ‘on the table’ and will be considered
further in a collaborative decision-making process.

The hazard management interventions assessed by the reports presented in this paper
may be challenging to implement (economically, environmentally or socially). Any larger
scale engineered approaches for hazard management would likely require a significant
investment in further investigation and assessments prior to implementation. For
example, these may require approval through a council long-term plan process,
completion of feasibility studies or business cases, and a consenting process.

Some smaller-scale hazard management actions may be able to be implemented in the
shorter term and are currently being assessed further. For example, potential
improvement to the flood forecasting and early-warning system for flooding at
Glenorchy (paragraphs 72-74).

Thorough consideration will be required to most effectively integrate development of
management responses for both liquefaction and flooding hazards. These are distinct
types of hazard events, and a specific hazard management approach may be required
for each - the Adaptation Pathways (DAPP) approach is better-suited for flood-related
hazards, whereas for geological hazards such as liquefaction a risk management
approach may be more suitable. Although the management approaches may differ, the
strategy will consider all natural hazards.

Toka Tu Ake (EQC) provide natural disaster insurance for residential homes and land.
ORC have approached Toka Ta Ake (EQC) to get their views on how they wish to be
involved in, and engaged with, ORC’s ongoing work programme in the head of Lake
Whakatipu area.

All technical reports, including the new report assessing management approaches for
liguefaction hazards, have been provided to QLDC for their consideration.

CONSIDERATIONS
Strategic Framework and Policy Considerations

[57]

The information presented and the adaptation approach discussed in this paper reflects
Council’s Strategic Directions where our vision states: communities that are resilient in
the face of natural hazards, climate change and other risks.

Financial Considerations

(58]

The programme is included in the ORC 2021-31 Long Term Plan with funding of $70,000
and $55,000 (excluding staff time) in the 2022/23 and 2023/24 financial years
respectively.

Significance and Engagement Considerations

(59]

This paper does not trigger ORC's policy on Significance and Engagement.
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Legislative and Risk Considerations

[60] The information in this paper helps ORC, and the head of Lake Whakatipu community
and stakeholders, to understand and manage the risks associated with flooding and
liguefaction hazards.

[61] The work described in this paper helps ORC fulfil its responsibilities under sections 30
and 35 of the RMA.

[62] The likely reforms of the Resource Management Act and strengthening of provisions to
do with local authority leadership for climate change adaptation are noted.

[63] Key tasks to enable successful development and delivery of an effective adaptation
strategy will include;

. To review and decide the most appropriate collaboration approach with QLDC.
For example, if changing from the status-quo approach (an ORC-led work
programme), this could include establishment of a joint governance structure, or
initiation of a fully integrated joint work programme.!3

. Development of a decision-making framework for development of a hazard
management and adaptation strategy, including how best to incorporate input
from all partners including community members, and allow effective
consideration of all relevant factors (not just an economically-focussed cost-
benefit framework). This could be a form of multi-criteria assessment approach.'*

Climate Change Considerations

[64] The effects of climate change have been considered in flood hazard assessments for
Dart and Rees Rivers, and Buckler Burn, and in the assessment of potential hazard
management approaches for those hazards.

Communications Considerations
[65] ORC will continue to make all investigation findings available to the head of Lake
Whakatipu community.

[66] ORC has continued to provide an update newsletter monthly (in general) to the head of
Lake Whakatipu community. This newsletter was established in August 2020 and gives
progress updates and an indication of upcoming project work. A link to sign up to
receive this emailed newsletter, and copies of all previous newsletters are archived on
the project webpage.?

[671 The assessment report for floodplain hazard management (by Damwatch) was made
publicly available in December 2022, and the assessment report for liquefaction hazard
management (by Tonkin + Taylor Ltd) is planned to be shared with the community prior
to the May 2023 committee meeting.

3 Examples of similar collaboration options were considered by Council for ORC-DCC collaboration on the
South Dunedin work programme, as outlined in paragraphs 21-23 of ORC Report P&S1885. (Hornblow S
& Payan J, 2022. ORC Role in South Dunedin/Harbourside Adaptation collaboration with DCC. ORC
Report P&S1885, Report to 1 December 2020 meeting of the Otago Regional Council Strategy and
Planning Committee).

4 Smith N et al, 2016. Disaster risk management decision-making: review. Full cost accounting of disaster
risk management decisions. Resilient Organisations Research Report 2016/04.

15 https://www.orc.govt.nz/managing-our-environment/natural-hazards/head-of-lake-wakatipu
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[68] A series of engagement sessions are proposed as part of the adaptation strategy
development process. Engagement input from the community, DOC and iwi will inform
Steps 3-4 of the DAPP processes (“What can we do about it?, and “Make it happen”).

NEXT STEPS — TECHNICAL ASSESSMENTS
[69] This section outlines tasks underway or planned for hazard and risk assessment, or
assessment of potential hazards management interventions.

Buckler Burn flood hazard assessment

[70]1 A flood hazard and geomorphic assessment is in progress for the Buckler Burn and will
be the first flood hazard assessment for this catchment to make use of detailed LiDAR
topography and a 2-dimensional hydraulic modelling approach.

[71]  This new flood hazard investigation for the Buckler Burn, together with the flood hazard
study completed in 2022 for the Dart-Rees floodplain, will complete updated hazard
assessments for the three main flooding sources which may impact Glenorchy; the Rees
River, Lake Whakatipu, and the Buckler Burn.

Flood forecasting

[72] There are now approximately 16-30 months of monitoring data available from the three
new environmental monitoring sites established by ORC in the Rees-Glenorchy area as
part of the Head of Lake Whakatipu natural hazard adaptation programme.'® These new
datasets provide opportunity to investigate further developments of flood forecasting
systems to improve the flood warning capability for Rees River flooding events at
Glenorchy township.

[73] A current study is investigating potential approaches to forecasting water levels in the
Glenorchy Lagoon and development of a flood forecasting approach for use by the
ORC’s 24/7 flood response team.

[74] This new forecasting approach would complement an existing ORC flood forecasting
model which estimates high lake levels for Lake Whakatipu based on forecast or
recorded rainfall totals.

Natural hazard risk assessment

[75] A risk assessment was specifically requested by community members and QLDC to
better understand the natural hazard risk levels in the Glenorchy area relative to those
in locations elsewhere in the country. The risk assessment will also provide supporting
information for decision-making.

[76] A natural hazard risk assessment project has been scoped for the Glenorchy and Kinloch
areas. The assessment scope includes assessment of natural hazard risks for the main
natural hazard events which may impact on Glenorchy or Kinloch. This project is
expected to commence by mid-2023.

NEXT STEPS — ADAPTATION PROGRAMME DEVELOPMENT

6 These three new sites are measurement of; Rees River flows at Invincible (site established December
2021), Glenorchy Lagoon water level (site established October 2020), and Lake Wakatipu level at
Glenorchy marina (site established January 2021).
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[77]

Table 3: Head of Lake Whakatipu natural hazards programme strategic and operational objectives.

(78]

[79]

A programme objective has been previously stated in the May 2021 Council paper.’
Additional programme objectives are now proposed to provide further detail of strategic

10 May 2023 - MATTERS FOR CONSIDERATION

and operational objectives, these are shown in Table 3.

Operational

Completion of an ‘Adaptation Strategy’ document is specified as a target measure in the

Strategic Objectives

Objectives

Vision: The head of Lake Whakatipu community has increased resilience* to natural
hazard challenges

Purpose: To enable preparation for, and proactive management of or adaptation
to, natural hazards in the head of Lake Whakatipu area

Develop awareness and understanding of
natural hazard risks for all, including
community and councils.

Enable and empower the community and
organisations to build their resilience to
natural hazards.

Ensure proactive, evidence-based,
management of natural hazard risks.

Enable and support community ownership of
process and outcomes.

Develop a framework to
actively manage risks associated with natural hazards for the resilience of the area

located at the Head of Lake Wakatipu, including Glenorchy and Kinloch

Investigate and communicate natural hazard
risks to inform proactive natural hazard risk
management

Enable evidence-based and informed
decision-making for current natural hazard
risks, and to consider anticipated future
changes to the natural hazard risks

Consider all relevant factors in decision-
making, including environmental, cultural,
and community-related

Support development of a collaborative
framework to include engagement with the
head of Lake Whakatipu community and
other partners and stakeholders

Develop a strategy acceptable to community
through transparent engagement process
with the head of Lake Whakatipu community
and other partners and stakeholders

Inform Council management activities and
planning (including river management,
environmental monitoring).

Ensure alignment with Council strategies and
policies

2021-2031 LTP.18

It is proposed that the strategy document would be an overarching reference, similar in
approach to those collaboratively developed by ORC such as the Milton 2060% project

17 This was to “provide a framework to actively manage risks associated with natural hazards for the

*Where ‘Resilience’ is defined as “The ability to anticipate and resist the effects of a disruptive event, minimise adverse
impacts, respond effectively post-event, maintain or recover functionality, and adapt in a way that allows for learning
and thriving.”

(Ministry of Civil Defence & Emergency Management, 2019. National Disaster Resilience Strategy. Published April 2019).

resilience of the area located at the Head of Lake Wakatipu, including Glenorchy and Kinloch.”

8 The 2021-31 LTP specifies a 2023/24 target of; ‘The first Head of Lake Wakatipu natural hazards

adaptation strategy completed by 30 June’.

19 ORC and CDC, 2012. Milton 2060 — Flood Risk Management Strategy for Milton and the Tokomairiro
Plain.
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(with CDC), and the Learning to live with flooding®® strategy for the communities of
Lakes Wanaka and Whakatipu (with QLDC).

[80] This strategy document is proposed to include overview of the strategy’s context,
principles and strategic elements, and be supported by a series of operative ‘action plan’
documents (Figure 5).

[81] These operative supporting documents could include;

o An adaptation pathways plan detailing which adaptation/hazard management
approaches (e.g., physical interventions, planning controls, etc.) could progress to
detailed analysis or business case and possible implementation. This can include
concept pathways/sequences of interventions and details of triggers for
implementation.

. A floodplain management plan supporting ORC’s river management for floodplain
gravel and vegetation.
. A monitoring plan for data collection, analysis and reporting of geomorphic
changes to rivers and floodplains, and collection of flood event observations.
. A plan for regular strategy review and revision.
[ Te Tiriti o Waitangi ?‘E’ ]

RMA proposed to be replaced by;
Natural and Built Environment Act
Spatial Planning Act
Climate Adaptation Act

X
[ Resource Management Act 1991 ‘f‘& ’] &4--=

National Policy Coastal Policy
Statements, Environmental Statement
Standards and Regulations =

@éﬁ‘;i}é‘nment " Popar

[ Regional Policy Statement g Resio ]

2glona
Council

Regional Plans District Plans
Otago s Eh‘?& Ther LBE

=3 Regional NGIL

Rl SR o DHNEDIN
A
v

Head of Lake Other Plans and Strategies, e.g.
ORC Long-term Plan - Whakatipu Natural Glenorchy Community
and Annual Plans Hazard Adaptation Kai Tahu
Strategy Department of Conservation

Operational ‘Action
Plan’ documents

Figure 5: Hierarchy of policies and plans and relation with the Head of Lake Whakatipu Natural Hazard
Adaptation Strategy and showing the relationship of the overarching strategy to supporting
operational plans.

ATTACHMENTS

20 ORC and QLDC, 2006. Learning to Live with Flooding: A Flood Risk Management Strategy for the
communities of Lakes Wakatipu and Wanaka.
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1. Damwatch Engineering Ltd 2022 Dart- Rees floodplain hazards adaptation workshop
report [7.1.1 - 137 pages]

2. Tonkin+ Taylor Ltd 2023 Engineering Options for Managing Liquefaction [7.1.2 - 34
pages]
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Otago Regional Council
Dart-Rees Floodplain Adaptation - Report on 23-24 February 2022 Workshop 15/11/2022

Executive Summary
Background

The floodplains and delta associated with the Dart and Rees Rivers at the head of Lake
Wakatipu are subject to both flooding and erosion hazards which impact on the township of
Glenorchy, and the wider communities of Kinloch and Greenstone through disruption of road
access. The landscape scale geomorphic changes occurring in the area coupled with future
climate change effects mean that these hazards are increasing over time.

The changing hazardscape is a strong influence on why and how the Otago Regional Council
(ORC) and the Queenstown Lakes District Council (QLDC) are responding to these natural
hazard issues. ORC are applying a Dynamic Adaptive Pathways Planning (DAPP) Approach
as a framework for developing hazards adaptation pathways in this area. As part of the process
of applying this approach, a floodplain adaptation workshop was held on 23-24 February 2022
which involved staff from both Councils as well as a small number of external technical experts.
The workshop was intended to be a first-pass review of all possible flood mitigation and
floodplain management options for the area, mainly focusing on engineering interventions (note
though that this does not mean that non-engineering measures are not part of the DAPP
Approach). The workshop also looked into the options put forward by the community at

community workshops.

The floodplain adaptation workshop considered the flood and erosion hazard issues for three

different locations as the issues are different for each location:

e Glenorchy and Lower Rees River floodplain — issue: flood hazard to residential and
commercial activities;

o Kinloch Road - issue: flood hazard to access; and

o Rees Bridge and upstream right bank floodplain — Issue: flood hazard to access and to

rural activities.

This report documents the proceedings and outcomes of the floodplain adaptation workshop.
The conclusions presented below are outcomes from the workshop and should not be inferred
to represent solely the views of the author of this report. The report is intended to inform further

feedback from the community.
Glenorchy and Lower Rees River Floodplain

Due the perched nature of the Rees River, there are probably no viable long-term engineering /

river management interventions to prevent flooding from the river at Glenorchy or the
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occurrence of an avulsion?! event into the lagoon area. Therefore, the focus should be on
preparing to manage the impacts of this inevitable event and / or mitigating those impacts or

delaying the event occurrence.
In the immediate short term, this could involve:

¢ Flood warning improvements.

e Revision and communication of flood response procedures.

e Consideration of improvements to the existing stopbank (e.g. raising the crest profile,
improving the structural quality and integrity).

¢ Investigation of vegetation planting on the left bank of the Rees River where flood

breakouts into the lagoon area occur.
In medium or longer term, other strategies could be considered:

e Building-scale interventions (e.g. raising floor levels of existing buildings).
e Planning responses (e.g. preventing further intensification, setting a revised minimum
floor level).

e Retreat of buildings in the highest-risk areas.

Planning for these possible medium or longer term strategies would need to start in the

immediate short term.

It needs to be emphasised that any upgrade of the existing stopbank will be a short-term
measure only. It should be communicated very clearly and carefully to the community that the
purpose of the stopbank improvements is to reduce the current flooding threat to the town from

the river.
ORC and QLDC will need to work together to:

¢ inform the community of new information on natural hazard risks;

e convey this information in an understandable way and why various flood mitigation
interventions are not viable for the long-term;

e develop improved flood warning systems and updated flood response procedures;

e incorporate new flood hazard information into the planning framework; and

1 An avulsion is when a river channel switches location, often abruptly, along part of its course. Avulsions
are characteristic of fluvial and deltaic environments, including alluvial fans and rivers with multiple
channels. https://link.springer.com/referenceworkentry/10.1007/978-1-4020-4399-

4 18#:~:text=An%20avulsion%20is%20when%20a,and%20rivers%20with%20multiple%20channels.
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e compile critical information to support the investigation, planning and implementation of

any longer-term strategies.

Kinloch Road and Dart River Floodplain

The Kinloch Road is closed fairly frequently due to inundation by floodwaters from the Dart
River overflowing the right bank and / or flood damage. The frequency of flood inundation has
been increasing over time due to ongoing bed aggradation? and this trend is expected to

continue in the future.

The road is also threatened by bank erosion on the right bank. The current westerly migration
of the active channel belt along the right bank is expected to continue in the future due to the
transverse slope across the riverbed. Since the 1960’s, the long-term bank erosion rate has
been > 10m/year in places and could be up to 50 m/year if a series of consecutive large flood

events occurred.

The current reactive management approach of localised raising of the road formation and
localised rock armouring of sections of the right bank are of limited benefit and not sustainable
in the longer term. In the case of rock protection works, it is also expensive.

The development of any business case to improve the long-term reliability of access to Kinloch
will not happen quickly due to competing higher priority works in the QLDC area. Therefore,
there is a need to develop a plan for interim / emergency measures for implementation

whenever road access is cut:

¢ Aninterim measure could be a temporary farm access track through Woodbine Station.
This would require negotiations and an agreement with the landowner.
e An emergency access measure could be a barge / water taxi arrangement. However,

this would still need to be supported by a business case.

The only longer-term solution to maintain road access to the Kinloch area which is viable would
be relocation of the road onto the western hillslopes. However, this solution has several
constraints such as legal and land ownership issues, and increased exposure to other hazards.
It would also have high costs and a long lead time. Any permanent road relocation would need
to be supported by a detailed business case by QLDC.

2 Aggradation is a geomorphological term used to describe the increase in land elevation, typically in a
river system, due to the deposition of sediment. Aggradation occurs in areas in which the supply of
sediment is greater than the amount of material that the system is able to transport.
https://en.wikipedia.org/wiki/Aggradation#:~:text=Aggradation%20(or%20alluviation)%20is%20the,syste
m%20is%20able%20t0%?20transport.
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Rees Bridge and Upstream Right Bank Floodplain

Widespread aggradation upstream of the Rees Bridge has not only reduced the bridge
waterway capacity but created the potential for an avulsion event across the upstream right
bank floodplain. Riverbed levels along the right bank are now approaching the crest of the
primary stopbank in places and are higher than adjacent floodplain levels. This significantly
reduces the level of service of the primary stopbank. The main impact of an avulsion event
would be on road access to Paradise, Kinloch and the Routeburn Valley although it would also

affect farmland and a Fish and Game Lodge near the confluence of Diamond Creek.

It is not feasible to control or prevent an avulsion event from the Rees River upstream of the
bridge. However, work can be done now to manage the consequences of such an event. A
better understanding of potential avulsion flow paths across the right bank floodplain needs to
be obtained with the aid of 2D computational hydraulic modelling based on updated LiDAR
topographic data. Planning controls need to be considered to ensure no future development

occurs within these potential avulsion pathways.

One river management intervention worth exploring to lower the risk of an avulsion event on the
right bank is to provide increased channel capacity with clearance of willows and other

vegetation on the left bank which historically was part of the active riverbed.
Further investigation and monitoring of the Rees Bridge is required including:

¢ hydraulic modelling to determine a current water level / discharge rating relationship at
the bridge and to understand flood patterns when the flood capacity of the bridge
waterway is exceeded,;

e establishing the current flood capacity of the bridge waterway and determining a critical
point in terms of adequate flood capacity;

e assessing the scour risk to the bridge;

e assessing the structural stability of the bridge;

e monitoring of floodwater levels at bridge; and

o tracking shifts in the water level / discharge rating relationship at the bridge due to

ongoing bed aggradation.

One urgent action than needs to be taken is to bolster the scour protection at the abutments of

the existing bridge.

An emergency response plan also needs to be developed as an immediate priority to implement

in case:

E2165 Vi

27



Safety and Resilience Committee 10 May 2023 - MATTERS FOR CONSIDERATION

Otago Regional Council
Dart-Rees Floodplain Adaptation - Report on 23-24 February 2022 Workshop 15/11/2022

o the Rees Bridge is temporarily damaged; and / or
o aflood breakout and channel avulsion event occurs along the right bank upstream of the
bridge.

A business case needs to be developed for the longer term by QLDC to consider longer-term
options for the Rees Bridge. These options could include raising the existing bridge or
constructing a new bridge. Maintaining access to Paradise, Kinloch and the Routeburn Valley

during any construction works will be a significant consideration.
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1.0 Introduction

1.1 Background to Floodplain Adaptation Workshop

The Dart and Rees Rivers flow into Lake Wakatipu at the head of the lake (see Figure 1.1).
The floodplains and combined delta associated with these rivers are subject to both flooding
and erosion hazards which impact on the township of Glenorchy, and the wider communities of
Kinloch and the Upper Rees Valley through disruption of road access.

The key flood related hazard issues affecting these locations are listed below:

e Glenorchy and Lower Rees River floodplain — flooding within parts of the Glenorchy
township caused by high flows in the Rees River and / or high flood levels in Lake
Wakatipu.

o Dart River floodplain and Kinloch / Greenstone Valley road access — flood inundation of
floodplain causing road closures, and westwards migration of the active river channel
belt towards the roadway causing bank erosion.

o Rees River Bridge - riverbed aggradation reducing the waterway flow capacity of the
bridge and increasing the potential for bridge overtopping or outflanking which would
also cause road closure.

There are also other associated natural hazard issues which are discussed later in this report.

In order to understand these natural hazard issues, it is necessary to consider the geomorphic
processes at play in this floodplain and delta area. The environment is a dynamic, multi-hazard
one characterised by actively aggrading riverbeds, actively migrating river channel belts and a
prograding? delta shoreline. The landscape scale geomorphic changes occurring in the area
coupled with future climate change effects mean that the flooding and erosion hazards are
increasing over time.

The changing hazardscape affecting the Dart-Rees floodplain and delta area is a strong
influence on why and how the Otago Regional Council (ORC) and the Queenstown Lakes
District Council (QLDC) are responding to these natural hazard issues. ORC is applying a
Dynamic Adaptive Pathways Planning (DAPP) Approach (described in Section 3)
recommended by the Ministry for the Environment (MfE) as a framework for developing hazards
adaptation pathways in this area (the Head of Lake Wakatipu Natural Hazards Adaptation
Programme). As part of the process of applying this approach, a floodplain adaptation
workshop was held on 23-24 February 2022 which involved staff from both Councils as well as
a small number of external technical experts. The workshop was intended to be a first-pass
review of all possible flood mitigation and floodplain management options, mainly focusing on
engineering interventions (note though that this does not mean that non-engineering measures
are not part of the DAPP Approach). The workshop also looked into the options put forward by
the community at community workshops.

3 The term progradation refers to the advance of a river delta further out into the receiving body of water
(Lake Wakatipu in the case of the Dart Rees delta). This occurs when the volume of river-transported
sediment exceeds the volume of sediment lost from the front face of the delta through subsidence,
erosion and other processes.
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This report documents the proceedings and outcomes of the floodplain adaptation workshop for
transmission back to managers and decisionmakers in both Councils, and the local community.
The report is intended to inform further feedback from the community.

Figure 1.1: Overview of lower Dart-Rees floodplain and delta area showing key areas of
interest (sourced from QLDC Spatial Data Hub)
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1.2 Scope of Floodplain Adaptation Workshop and Key Questions
The broad scope of the floodplain adaptation workshop was:

¢ to help identify and understand which of the range of possible flood mitigation and
floodplain management approaches may be feasible, environmentally acceptable and
cost-effective, and;

¢ to identify and prioritise any next steps including filling information gaps and undertaking
more detailed investigations.

The workshop posed some key questions to address:

o What does sustainable river and floodplain management look like for the Dart-Rees
floodplain and delta area and what does it offer?

¢ What does sustainable flood protection look like and what level of protection is
realistically achievable?

o What other complementary strategies are available and practical to implement in order
to achieve natural hazard resilience (e.g. planning controls)?

e Can broad principles be defined for a river management strategy in this area, and what
are those principles?

1.3 Project Objectives and Assessment Factors

The Head of Lake Wakatipu Natural Hazards Adaptation Programme has an objective of
providing “a framework to actively manage risks associated with natural hazards for the
resilience of the area located at the Head of Lake Wakatipu, including Glenorchy and
Kinloch’.

In recognition of this, the following objectives were developed for the floodplain adaptation
workshop:

a) An understanding of viable, sustainable river management approaches suitable for the
floodplain / river environment of the Dart-Rees area.

b) An estimation of how long, or under what conditions these approaches might remain
effective.

¢) An understanding of key constraints and other factors affecting river management
interventions (cost, environmental, cultural, feasibility, community acceptability etc.).

d) How these approaches might fit within the wider context of natural hazard management
and adaptation (e.g. planning responses, potential retreat).

e) Specific review of risks and benefits of all options put forward by the community during
engagement activities.

In assessing possible river management interventions, the following questions need to be
considered:

e What are the interventions trying to achieve?
e What are the impacts?
¢ What are the risks?
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How much time will river management / engineered interventions provide?

How viable are these river management / engineered interventions in the longer term
given the environmental / hazard context (e.g. with continual riverbed aggradation, the
geomorphic consequences of an Alpine Fault earthquake, and future climate change
impacts on hydrology and flooding)?

In this context, for any river management intervention strategy to be successful:

It must provide adequate flood protection benefits.

The cost must be acceptable and justified.

Adverse impacts on the environment are either avoided or minimised.

The risks and benefits of alternative strategies / pathways must be satisfactorily
communicated to other stakeholders.

The strategy is supported and accepted by the wider community (e.g. local residents,
Department of Conservation, Kai Tahu).

1.4 Floodplain Adaptation Workshop Format and Programme

The floodplain adaptation workshop was originally planned as an in-person event but, due to
the outbreak of the Omicron variant of Covid-19 in the community, it was shifted to an on-line
event held over one and a half days. The workshop programme covered the following aspects:

Setting the context and defining the problem

- General overview of area

- Community setting

- QLDC and infrastructure overview

- Overview of hazardscape for area

- Summary of ORC’s natural hazard adaptation programme

- Geomorphic characteristics of area

- Results of flood hazard assessment

Describing the adaptation pathways approach, objectives and principles

- General introduction to the approach

- Summary of community engagement findings

- Discussion of key questions to address

- Discussion of objectives for adaptation

- Discussion of principles for adaptation

- Discussion of what a successful adaptation approach looks like

- Discussion of assessment factors for judging success of interventions

Considering the natural hazard challenges posed by each of the three focus areas

(Rees River and Glenorchy, Dart River floodplain and Kinloch Road, and the Rees River

Bridge and the upstream right bank floodplain)

- Identification of specific threats and hazards

- Identification of possible adaptation interventions

- Evaluation of interventions (impacts, benefits, risks / consequences of failure,
durability over time, long-term viability, regulatory / policy constraints)

- Assessment of whether specific interventions satisfy objectives for adaptation

- Assessment of whether specific interventions can be knitted together to provide a
long-term adaptation pathway

E2165
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1.5 Floodplain Adaptation Workshop Participants

The following participants were involved in the floodplain adaptation workshop:

Otago Regional Council

Dr Jean-Luc Payan (Workshop Facilitator) — Manager Natural Hazards
Tim van Woerden — Natural Hazards Analyst

Michelle Mifflin — Manager Engineering

Pam Wilson - Infrastructure Engineering Lead

Scott Liddell — River Engineer

Craig Hughes - Planning and Strategy Engineer

Queenstown Lakes District Council

Ben Greenwood - Roading Operations and Contracts Manager
Hugo De Cosse Brissac — Roading Engineer

Bill Nicoll - Resilience & Climate Action Manager

Mark Baker - Strategy & Asset Planning Manager

Alison Tomlinson - Transport Asset Manager

External Technical Experts

Professor James Brasington (Director, Waterways Centre for Freshwater Management
New Zealand, University of Canterbury / Lincoln University)

Matt Gardner (Land River Sea Consulting)

Dr Grant Webby (Damwatch Engineering)

Observer
Jamie MacKenzie (University of Otago post-graduate student)

1.6 Structure of Report

The report on the floodplain adaptation workshop is structured as follows:

Section 2 sets the scene and defines the problem.

Section 3 outlines the adaptation pathways approach recommended by MfE.

Section 4 considers potential flood mitigation and management approaches for the Rees
River and Glenorchy.

Section 5 considers potential flood related hazard mitigation and management
approaches for the Kinloch Road and access to the Kinloch area.

Section 6 considers potential flood related hazard mitigation and management
approaches for the Rees Bridge and the upstream right bank floodplain.

Section 7 presents a summary of the workshop outcomes and conclusions.

Appendix A contains the workshop programme and briefing notes.

Appendices B-E contain copies of presentations of background information contributed
by different workshop participants.
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35



Safety and Resilience Committee 10 May 2023 - MATTERS FOR CONSIDERATION

Otago Regional Council
Dart-Rees Floodplain Adaptation - Report on 23-24 February 2022 Workshop 15/11/2022

2.0 Defining the Problem

2.1 Introduction

To provide some background context for the workshop patrticipants, the floodplain adaptation
workshop started with a series of presentations on different aspects by ORC and QLDC staff
members and some of the external technical experts. This section provides a summary of the
material presented. The slides used in each presentation are included in Appendices B-E.

2.2 Overview of Context

Figure 2.1 shows the environmental setting for the area with the floodplains for the Dart and
Rees Rivers lying between the Humboldt Mountains to the west and the Richardson Mountains
to the east. The Dart River Catchment extends back to the South Island Main Divide with the
head of the catchment lying between the Main Divide and the head of the Rees River
Catchment.

Figure 2.1: Overviews of head of Lake Wakatipu in relation to wider area

Glenorchy township is located at the head of Lake Wakatipu on the left bank floodplain of the
Rees River and immediately adjacent to the shoreline delta of the Rees and Dart Rivers. The
road north of Glenorchy provides access to the Dart and Rees Valleys, rural localities such as
Paradise and Kinloch and the Routeburn, Caples and Greenstone Tracks. This access
includes a single bridge across each river.

The area at the head of the lake is exposed to a complex range of hydrological,
geomorphological and seismic related hazards. The communities in the area have been
regularly impacted by natural hazard events since settlement began due to development in
locations such as floodplains and alluvial fan surfaces which are prone to hazard impacts. In
recent decades, these impacts have included flooding of low-lying parts of Glenorchy in
November 1999 and February 2020, and frequent flooding and bank erosion affecting road
access to Kinloch.
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The area is also exposed to other lower-likelihood hazard sources which may have significant
impacts on parts of the community. These hazard sources include debris flows, landslide dam-
break induced floods, liquefaction or lateral spreading resulting from major earthquakes, and
tsunamis triggered by sub-aerial or sub-aqueous landslides into Lake Wakatipu®.

In this dynamic alpine environment, many of the natural hazard risks are not static but are
subject to continual adjustment in response to geomorphic (landscape) and climatic changes.
While the magnitude and timing of both types of change is uncertain, they are expected to
cause increases in the severity and likelihood of natural hazard impacts®. This applies
particularly to flooding and related hazards.

The braided channel belts, floodplains and delta of the Dart and Rees Rivers are undergoing
continuous and irreversible geomorphic change over time®. This is evidenced by riverbed
aggradation, lateral channel migration and delta advancement into the lake due to the ongoing
natural process of sediment transport by water flows in these rivers.

These geomorphic changes are likely to cause an increase in the frequency and severity of
future flooding impacts on the floodplains of the Dart and Rees Rivers.

2.3 lwi Values

The area at the head of Lake Wakatipu holds significant cultural values for Kai Tahu':

“Whakatipu-wai-Maori holds generations of Kai Tahu histories, the knowledge of which

holds the same value for Kai Tahu today. Kai Tahu taoka (treasures) cover the

landscape; from the ancestral mauka (mountains), large flowing awa (rivers), tdpuna

roto (great inland lakes), pounamu and ara tawhito (traditional travel routes/trails).

These all make the area immensely significant to mana whenua.”Kai Tahu are
partners with ORC.

2.4 Community Setting and Values

The total community population in the area is currently about 500. The population is mainly
centred around Glenorchy with other rural settlements at Kinloch, Paradise, Greenstone, the
Rees Valley and Wyuna. The main business activities are tourism and farming. Pre-Covid,
daily tourist visitors peaked at more than 1000.

The population has grown rapidly since the 1980s. From census data, the population in the
wider Glenorchy area grew from 270 in 2001 to 390 in 2018. The population is projected to
grow to 4508 in 2048 while average daily tourist numbers are projected in increase from 1,000
to 1,420.

4 Tonkin and Taylor (2021a).

5 NIWA (2019).

6 Wild (2013); Brasington (2021).

7 Aukaha (2021)

8 QLDC staff have advised that revised modelling for projected population growth in Glenorchy is to be
carried out in 2022. There are several scenarios where the population growth could spike (e.g. this could
be triggered by construction of a reticulated wastewater system - QLDC is actively considering investing
in a wastewater treatment plant for the town).
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The community values highly the lifestyle and freedom associated with the unspoilt and
spectacular environment of the area as set out in a 2001 community vision statement®:

“A vibrant community where lifestyle and freedom are highly valued together with the
peaceful, unspoilt rural environment and the dynamic interaction of the spectacular
landscape, heritage and wilderness”.

The area has significant conservation values with the Department of Conservation (DOC) being
an important stakeholder. The area forms a Gateway to Mount Aspiring National Park and Te
Wahipounamu — South West New Zealand World Heritage Area. It also provides access to the
Routeburn Track (a NZ Great Walk) and to the Greenstone-Caples and Dart-Rees Tracks, and
incorporates extensive DOC-managed reserves and conservation areas. The area incorporates
five regionally significant wetland areas including the DOC-administered Glenorchy Lagoon and
Conservation Area.

2.5 Hazardscape Review

Figure 2.2 illustrates the wide range of potential natural hazard sources impacting the area at
the head of Lake Wakatipu. As noted before, these natural hazard sources are non-static and
continually adjusting in response to geomorphic (landscape) and climatic changes with an
adverse trend. There is also a high potential for cascading hazard scenarios in the area (e.qg.
the geomorphic consequences of a major earthquake).

9 Blakely Wallace Associates (2001).
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Figure 2.2: Natural hazard sources impacting on area at head of Lake Wakatipu

The main flood related hazard issues for the four floodplain focus locations are:

a) Glenorchy township

Increasing flood hazard due to ongoing bed aggradation in Rees River
Increasing flood hazard due to breakout flows into Glenorchy Lagoon and the
potential for permanent channel avulsion

Increasing flood hazard due to climate change impacts

Increasing erosion hazard to existing stopbank due to the combination of ongoing
riverbed aggradation and climate change impacts

b) Kinloch road access

Increased flood hazard to road due to ongoing bed aggradation in Dart River
Increased erosion hazard due to ongoing lateral channel belt migration westwards
and frequency of high-velocity flows adjacent to road

Increasing flood and erosion hazards due to climate change impacts

c) Rees Bridge

Reducing bridge waterway flood capacity due to the combination of ongoing riverbed
aggradation and climate change impacts

Increasing potential for scour and erosion damage at bridge piers and abutments
due to the combination of ongoing riverbed aggradation and climate change impacts
(including potential for outflanking either of the bridge abutments)
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- Increasing potential for structural damage to bridge from debris rafting and flood
overtopping due to the combination of ongoing riverbed aggradation and climate
change impacts

d) Right bank floodplain upstream of Rees Bridge

- Increasing flood hazard with potential for stopbank overtopping and permanent
channel avulsion due to the combination of ongoing riverbed aggradation and
climate change impacts

- Potential for cutting road access to Paradise and Kinloch

- Potential impact on adjacent farmland

Figures 2.3-2.5 illustrate these hazard issues.

Figure 2.3: Flooding in Glenorchy in November 1999 (a combination of lake and fluvial
sourced flooding)
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Figure 2.4: Flooding of Kinloch Road (in the foreground) in a minor flood event in 2019 -
Dart River floodplain looking upstream

Figure 2.5: Erosion protection works adjacent to Kinloch Road with evidence of recent
breakout flows across road in February 2022 (note level of riverbed adjacent to right
bank floodplain)
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Figure 2.6: Riverbed aggradation under Rees Bridge in February 2022 (viewed looking
upstream)

2.6 QLDC Perspectives

Excluding outliers, the Kinloch Road is the most expensive road in QLDC’s network in terms of
the cost/km length for emergency works based on data from 2016 to the present time. Recent
emergency works have included raising sections of the road to try and reduce the frequency of
flood inundation!! and protection of vulnerable sections of riverbank adjacent to the road with
rock armouring.

QLDC’s view is that the current reactive management approach is probably not sustainable in
the longer term due to funding limitations, especially with the continuing westerly migration of
the active channel belt in the Dart River towards the road and the ongoing trend of riverbed
aggradation. However, there is an expectation that QLDC will continue to maintain access via
this road.

In the short term, QLDC are managing the Kinloch Road using two funding streams:

e LTP funding of $220,000 every second year for Rees River Bridge resilience; and
o Emergency works — when unplanned works are required outside of gravel extraction
opportunities such and bank armouring or raising the road level.

11 The Kinloch Road currently gets flooded whenever flows in the Dart River reach a threshold of about
500 m3/s (based on the Dart at Hillocks flow gauge) whereas previously this flow threshold was
(anecdotally) much higher.
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The purpose of the Rees River Bridge resilience funding is to reduce gravel aggradation under
the bridge. Gravel is extracted and disposed of as economically as possible, and the
opportunity has been taken to raise the level of the Kinloch Road with this material. However,
the volume of material which can be removed for $110,000/year is very small compared to the
total volume of gravel bed material transported by the Rees River each year.

QLDC’s view is that it is inevitable that the Rees Bridge will need to be raised in the near future
due to the current rate of riverbed aggradation. Five years ago a Moxy dump truck could be
driven under the bridge but this is now no longer possible.

The 1.4 km long Glenorchy stopbank along the left side of Lagoon Creek and the Rees River
was constructed in about 2000. It has been overtopped by floodwaters a few times in recent
years including in the February 2020 flood event!?. Following a survey of the stopbank crest,
QLDC recently undertook some minor scale works which included:

o the supply and placement of 1,200 tonnes of rock to protect vulnerable sections of the
stopbank along the Rees River:

o the repair of some over-steep sections of the stopbank; and

¢ |ocalised and minor raising of a short section of the stopbank near the golf course where
the crest was low.

In addition to these works, ORC recently completed fairly substantial works to clear willows from
along the banks of Lagoon Creek in order to improve the discharge capacity of the creek and to
lower water levels in the lagoon under flood conditions.

2.7 Geomorphic Characteristics and Trends

While not the most catastrophic threat, flooding from rivers poses the most frequent hazard to
communities at the head of Lake Wakatipu. This hazard manifests itself in several forms:

o direct flood inundation

o fast flowing floodwaters

e entrained debris and sediment
e riverbank erosion

Fluvial related hazards are expected to increase in frequency and severity in the future. There
are two main drivers for this trend. Increases in average temperature due to climate change are
expected to produce a 20-40% increase in winter rainfall and more intense storms by 2090 with
up to a 100% increase in the mean annual flood flow!®. Continual riverbed aggradation will
result in increased bed levels and ongoing lateral channel belt migration.

Due to their proximity to the South Island Main Divide (which is subject to continuing uplift of
more than 5 mm/year), the Dart and Rees Catchments experience extreme rates of erosion.
The glacial legacy of over-steep catchment slopes and orographic-induced precipitation of more
than 5,000 mm/year are key factors in this. The resulting unstable landscape is dominated by
retreating headwater glaciers and active landslides. Occasional mass movement events can
give rise to the formation of landslide dam impounded lakes with the potential for a dam-break

12 The February 2020 flood was estimated to have been about a 1 in 15 to 1 in 20 AEP event.
13 NIWA (2019).
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flood when these dams are overtopped. The unlimited supply of sediment in the Dart and Rees
Catchments means that there is more sediment available than the capacity of the two rivers to
transport the sediment downstream!*. The average annual gravel bed material load of the Dart-
Rees River System into Lake Wakatipu from 1966-2007 was estimated'® to be 300,000 m3.

The consequences of an over-supply of sediment to the river system are that:

o there is a continual trend of bed aggradation with bed levels in many areas approaching
the levels of the adjacent floodplain;

¢ the width of the active belt of braided channels which characterises these rivers is
continually changing over time, while the belt is also migrating laterally;

o deposited sediment is constantly being reworked as channel migration occurs and the
width of the active channel belt changes;

e bank erosion occurs as a result of lateral channel migration; and

¢ the potential for channel avulsion across adjacent floodplains increases with active
channel migration and the loss of freeboard along existing banks due to bed
aggradation.

Figure 2.7(a) and (b), sourced from Professor Brasington’s presentation in Appendix D, show
bed level changes from detailed LiDAR topographic surveys over the lower part of the Dart-
Rees River System between 2011 and 2019. The graduated blue shading on the aerial image
in Figure 2.7(b) indicates sediment deposition (bed raising) while the graduated red shading
indicates bed degradation (bed lowering). There are substantial areas of deposition across the
Lower Dart active channel belt with significant erosion and bank retreat evident along the
western edge adjacent to the Kinloch Road. The overall trend in average bed level change is
shown in Figure 2.7(b) with a net increase in bed levels of up to 0.2 m over most of the 3.5 km
distance upstream from the delta front.

Figure 2.8, also sourced from Professor Brasington’s presentation in Appendix D, shows a
similar image to Figure 2.7(b) of bed level changes over Lower Rees River between 2011 and
2019. Figure 2.8 indicates that there has been extensive sediment deposition across the
riverbed over the 5 km distance upstream from the delta front. Mean bed levels increased in
the order of 0.2-0.3 m over the 8-year period with the larger increases occurring upstream of
where the river bifurcates and the righthand branch joins the Dart River. This mean bed level
trend, if it continues, would translate to an increase in bed levels of 1.25-2 m over the next 50
years.

The increase in mean bed levels on the Lower Rees River imply a significant loss of flood
capacity within the active channel belt and a loss of freeboard along the existing margins with
the potential for the occurrence of channel avulsion events. This is illustrated by the
photograph in Figure 2.9 which shows riverbed levels approaching adjacent floodplain levels
and evidence of sediment deposition from recent flood breakout flows. The flood breakout
flows would have flowed overland into the Glenorchy Lagoon.

14 The Slip Stream landslide in 2011 in the Upper Dart River Catchment had an estimated volume of 17.5
million m3. Of this total volume, 7 million m3 is estimated to remain in storage with about 10.5 million m3
contributed to the sediment supply to the Dart River.

15 Wild (2013).
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A campaign of repeat high-resolution LiDAR surveys in 2009-2011 captured the evolution of a 3
km reach of the Rees River upstream of the Rees Bridge over an annual flood season. The
following general observations can be made from the results of this campaign:

e Much of riverbed in this reach was disturbed in a single year with half of it experiencing
repeated scour and fill cycles.

e Much of the riverbed in this reach was exposed to either scour or fill.

e Sediment mobilisation is episodic and related to flood events.

e The volume of sediment material mobilised in a flood is proportional to the power of that
flood?®.

It should be noted that the average volume of bedload sediment material transported by flood
activity in the Rees River in a single year significantly exceeds the volume of gravel material
which QLDC is licensed to extract annually at the Rees Bridge.

16 |n this 2009-2011 campaign, a modest 350 m3/s fresh in the Rees River was found to move about
30,000 m3. This compares with the up to 20,000 m3 volume of gravel bed material which QLDC is
licensed to extract annually at the Rees Bridge to help improve the resilience of the bridge.
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(a) Difference in LiDAR elevation models of riverbed between 2011 and 2019
(red indicates erosion, blue indicates aggradation)

(b) Average changes in bed level

Figure 2.7: Bed level change on Dart-Rees River System between 2011 and 2019
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Figure 2.8: Average bed level change on Lower Rees River between 2011 and 2019
(red indicates erosion, blue indicates aggradation)

E2165 17

a7



Safety and Resilience Committee 10 May 2023 - MATTERS FOR CONSIDERATION

Otago Regional Council
Dart-Rees Floodplain Adaptation - Report on 23-24 February 2022 Workshop 15/11/2022

Figure 2.9: View looking downstream along the left bank of the Lower Rees River
showing evidence of loss of freeboard and sediment deposition from recent flood
breakout flows (photo taken on 9 February 2022 near start of bed level change map in
Figure 2.8 —river flow = 13 m3%s at time of photograph)

The dynamic nature of the geomorphological behaviour of the Rees-Dart River System with an
unlimited sediment supply, active expansion of the existing river corridor and sediment transport
capacity limited by river flows giving rise to a continual bed aggradation trend has the following
implications for existing flood hazards:

e Loss of level of service of existing stopbank protection at Glenorchy.

e Increased risk of backwater flooding along Lagoon Creek and overtopping of the
stopbank at Glenorchy.

e Increased risk of severe breakout flooding and channel avulsion along the left bank of
the Rees River into the Glenorchy Lagoon, along the right bank of the Rees River
upstream of the Rees Bridge and along the right bank of the Dart River affecting the
Kinloch Road.

¢ Increased risk of riparian erosion along the right bank of the Dart River affecting the
Kinloch Road.

¢ Increased risk of abutment scour damage and structural damage due to overtopping of
the Rees Bridge.

These increased risks relate to both severity and frequency.

Further information on the geomorphological characteristics and trends of the Dart-Rees River
System is contained in Professor Brasington’s presentation in Appendix D.

E2165 18

48



Safety and Resilience Committee 10 May 2023 - MATTERS FOR CONSIDERATION

Otago Regional Council
Dart-Rees Floodplain Adaptation - Report on 23-24 February 2022 Workshop 15/11/2022

2.8 Flood Hazard Assessment

ORC recently commissioned Land River Sea Consulting to undertake a flood hazard
assessment for the Dart-Rees River System using a two-dimensional (2D) computational
hydraulic modelling approach. The 2D model developed for the assessment was based on a
2019 LiDAR topographic survey of the river system and covered the area shown in Figure 2.10
(reproduced from the Land River Sea Consulting report!’). The model extended from the Rees
River and Dart River Bridges down to Lake Wakatipu.

Figure 2.10: Extent of 2D computational hydraulic model of Dart-Rees River System used
for flood hazard assessment

17 Land River Sea (2022).

E2165 19

49



Safety and Resilience Committee 10 May 2023 - MATTERS FOR CONSIDERATION

Otago Regional Council
Dart-Rees Floodplain Adaptation - Report on 23-24 February 2022 Workshop 15/11/2022

The model is a fixed-bed model based on the riverbed topography at the time of the 2019
LiDAR survey so that it is unable to account for scour and sediment deposition during the
course of a flood which are known to occur and which will alter the riverbed bathymetry. In view
of this limitation, the model predictions can only be used as an aid to understanding the
inundation extent and flow depth and velocity patterns for a flood of given size. The model
requires upstream boundary inputs of flood magnitudes in both the Dart and Rees Rivers, and a
downstream boundary input of a fixed water level for Lake Wakatipu. The model also requires
the frictional resistance of the ground surface to be defined for the riverbed area and for
floodplain areas covered by different vegetation types.

The primary focus of the flood hazard assessment was on the Lower Rees River and Glenorchy
area. The model was calibrated by adjusting the frictional resistance of the riverbed surface so
that it correctly reproduced the flood inundation pattern in this area observed from aerial
photographs of the February 2020 flood event.

Figure 2.11 (reproduced from the presentation in Appendix E) shows the flood extent estimated
by the model for a 1% Annual Exceedance Probability (AEP) flood in the Dart-Rees River
System with areas marked for different degrees of flood hazard depending on the magnitude of
maximum flow depth and velocity. The flood hazard categories are based on those defined in
Book 6 Flood Hydraulics of Australian Rainfall and Runoff'® (ARR) for different degrees of
hazard to people, vehicles and buildings (the hazard category definition diagram from ARR is
reproduced in the presentation in Appendix E).

As noted in Section 2.4, the loss of freeboard due to widespread bed aggradation in the Lower
Rees River increases the potential risk of flood breakout and channel avulsion along the left
bank. Figure 2.12 (reproduced from the Land River Sea Consulting report!®) shows one
possible avulsion path towards Glenorchy Lagoon predicted by the 2D model. The flood
inundation pattern and flow directions in Glenorchy resulting from this type of avulsion event for
a 1% AEP flood adjusted for future climate change (and based on 2019 riverbed levels) is
shown in Figure 2.13 (reproduced from the Land River Sea Consulting report®®). This indicates
the existing stopbank along Lagoon Creek and the Rees River would be overtopped with
overtopping flow encroaching on the margins of the town and draining parallel to the stopbank
down towards Lake Wakatipu. However, the topography of the alluvial fan surface underlaying
Glenorchy prevents the floodwaters ponding in this low-lying area from flowing down the fan
surface through the town directly to the lake. The stopbank overflow also spreads across the
road providing access north to the Upper Rees Valley, the Routeburn Valley and Kinloch at the
eastern end of the town and inundates a low-lying area there.

With floodwaters overtopping the existing stopbank at Glenorchy in this assumed flood
scenario, there is also the potential for a stopbank breach to occur. In the event of this
occurring, the additional floodwaters released through the breach would be contained by the
natural topography of the alluvial fan surface as illustrated in Figure 2.13.

18 Ball et al (2019).
19 Land River Sea (2022).
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Figure 2.11: Estimated inundation extent and flood hazard categories of 1% AEP flood in
Dart-Rees System

Figure 2.12: Possible channel avulsion path along left bank of Lower Rees River towards
Glenorchy Lagoon
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Figure 2.13: Flood inundation in Glenorchy for 1% AEP flood in Rees River adjusted for
future climate change and 10% AEP lake level with flow avulsion occurring along left
bank as shown in Figure 2.12

The flood inundation extents shown in Figures 2.11-2.13 reflect an assumed flood scenario for
Glenorchy based on a moderately high level for Lake Wakatipu (i.e. fluvial sourced flooding
from the Rees River dominates). As demonstrated by the November 1999 flood event (Figure
2.3), the potential exists for lake sourced flooding in combination with fluvial sourced flooding.

2.9 Summary of Natural Hazards Adaptation Programme

In view of the multi-hazard environment at the Head of Lake Wakatipu with the risks associated
with those hazards being exacerbated over time by climate and geomorphic changes, ORC
initiated an adaptation programme in July 2019 with an objective of providing “a framework to
actively manage risks associated with natural hazards for the resilience of the area located at
the Head of Lake Wakatipu, including Glenorchy and Kinloch”.

It was proposed that the project would?°:

¢ Identify and evaluate potential natural hazard pathways based on the Adaptation
Pathways approach recommended by MfE?;

e take a more strategic and holistic approach than previous natural hazard studies;

o undertake a multi-hazard and climate change assessment for the area, including a
review of potential hazard consequences, likelihoods and overall risks; and

20 ORC (2021)
21 MfE (2017)
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o develop risk reduction / adaptation pathways over a longer-term timeframe of not less
than 100 years.

This would enable future planning to occur with more certainty in a context of ongoing change
and increasing hazard risks.

The project is being led by ORC in partnership with QLDC, Kai Tahu and other key
stakeholders including the Department of Conservation (DOC) and local communities.
Community engagement forms a key plank of the programme.

The programme is supported by several consultants providing specialist inputs.
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3.0 Dynamic Adaptive Pathways Planning Approach

3.1 Introduction to Approach

An adaptation pathways approach to natural hazard management is a “response strategy to
anticipate and adjust to actual and expected changes in environmental conditions”. Adaptation
involves “iterative, continually evolving processes for managing change in complex systems”
(MfE, 2017). Effective adaptation means that (CCATWG, 2017) “current and future
communities are able to reduce the risks from natural hazard and climate change impacts over
the medium and long term by:

e reducing the exposure and vulnerability of our natural, built, economic, social and
cultural systems

e maintaining or improving the capacity of our natural, built economic, social and cultural
systems to adapt.”

Figure 3.1 from MFE (2017) illustrates the ten-step decision cycle of the adaptation pathways
approach based around five key questions. While the approach has been developed primarily
for coastal settings where sea level rise due to climate change is a critical issue, the approach

is also considered appropriate for application to the Head of Lake Wakatipu area because of the
changing risk profile resulting from sediment aggradation, delta growth, and climate change.

Figure 3.1: Summary of the 10-step adaptation pathways decision cycle framework (MfE,
2017) showing the main activities which have been completed for the Head of Lake
Wakatipu Hazards Adaptation Project from ORC (2022)
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Figure 3.2 from MfE (2017) shows an example of an adaptation pathways map. There may be
a range of types of adaptation options which are available, each with advantages and
disadvantages. Several alternative combinations of these options may be practical and
feasible, over short-term (0-20 years), medium term (20-50 years) and long-term (50-100 years)
timeframes. Aside from the ‘status quo’ option, there are four potential groupings of natural
hazard mitigation options (MfE, 2017):

e accommodate

e protect

e retreat

e avoidance strategies

Figure 3.2: Example of an adaptation pathways map showing a series of possible
adaptation options (A-D), each of which is assessed based on adaptation signals
(MfE, 2017)

Adaptation pathways will evolve over time in response to changing conditions and, an effective
adaptation strategy will incorporate key decision points based on triggers or thresholds.

3.2 Summary of Community Engagement Findings

ORC has embarked on a community engagement process with the support of a NIWA team to
provide community input to an adaptation pathway development process, and to equip the
community with the necessary knowledge to make informed decisions regarding adaptation
approaches. The community engagement process is based around a series of four community
engagement sessions with the titles:

a) What is happening now, and how does this affect you?
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b) What could happen in the future, and what might we do?
¢) How can we navigate the adaptation options?
d) What do the adaptation pathways look like, and what happens now?

The first and second of these engagement sessions were held in December 2020 and April
2021. These sessions were designed to present and discuss the natural hazard issues
affecting the Head of Lake Wakatipu area, and to promote conversations about possible
adaptation approaches or interventions to manage or mitigate these hazards.

During these community engagement sessions, community members suggested several
possible intervention options for consideration, including structural and river management
measures (see Figure 3.3):

e raising or modifying the existing Rees-Glenorchy stopbank structure;

e gravel extraction;

o channel realignments, such as diversion of Rees River flows into the Dart River;

e river control structures or plantings (e.g. groynes to mitigate channel erosion);

¢ bunding or new stopbanks to reduce overland flood flows into the Glenorchy Lagoon;
and

¢ willow management or channel modification of Lagoon Creek to enhance drainage
ability from the lagoon.

Community concerns were also raised about the ongoing aggradation at the Rees River Bridge,
and the consequential loss of waterway flow capacity at the bridge and increased vulnerability
to overtopping and debris impacts.

Access to the Kinloch and Greenstone / Caples areas via the Kinloch Road is another matter of
community concern in view of the frequency of flood inundation over the road (e.g. > 10
occasions in 2019-20) and the westerly migration of the active channel belt of the Dart River
towards the road, and in several areas, hard against the road. A range of potential adaptation
approaches has been put forward for consideration to maintain access to these areas (see
Figure 3.4), based on advice from ORC technical staff and consultants but with some
community input:

e status quo (i.e. reactive repair): localised erosion protection and road raising as required
to manage highest priority erosion hotspots or flooding issues.

¢ |ocal realignment: realignment of sections of road from areas threatened by erosion or
most highly flood-prone (but still remaining on the floodplain.

¢ hard engineering: installation of larger-scale erosion or flood protection structures;

o redesign: relocation of erosion or flood-prone sections of road from the floodplain to
adjacent hillslopes.

e alternative transport: use of alternative transport modes (e.g. boat access).

E2165 26

56



Safety and Resilience Committee 10 May 2023 - MATTERS FOR CONSIDERATION

Otago Regional Council
Dart-Rees Floodplain Adaptation - Report on 23-24 February 2022 Workshop 15/11/2022

Figure 3.3: Overview of the lower Dart-Rees floodplain, showing range of potential flood
mitigation options for the Rees River and Glenorchy township suggested by the local
community
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Figure 3.4: Overview of the lower Dart floodplain, showing the range of potential flood or
erosion mitigation options which may be considered in order to maintain Kinloch access
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3.3 Boundaries for Floodplain Adaptation Workshop

Forming an initial part of the process of applying this adaptation pathways approach, the
floodplain adaptation workshop was primarily focussed on river management rather than about
land-use planning controls and strategies. It also excluded responses to other hazards outside
the Dart-Rees floodplain such those associated with the Buckler Burn alluvial fan or
liquefaction.

3.4 Principles for Consideration in Development of Floodplain Adaptation Approach

The following principles were put forward to guide the development of adaptation pathways for
the Dart-Rees floodplain area during the workshop. The principles can be grouped together
under three main headings.

Natural System / Processes

o Recognition of the need to understand the underlying natural systems and processes.

¢ A long-term sustainable, integrated and strategic approach to floodplain risk.
management, working with the natural river processes.

e Forms and levels of protection are appropriate and sympathetic to environmental
amenity values.

Societal

e Widest possible benefits for community, works in with other community objectives.
o Affordable and acceptable to council, the community and direct beneficiaries.

e Sympathetic to environmental / cultural values.

e Community involvement and ownership

Political / economic

o A commitment by project partners (ORC, QLDC, DOC, Kai Tahu) to work together.

e Adopting a precautionary approach.

e Ensuring adaptive management.

e Recognition and treatment of residual risk.

e Taking a low-regrets or even no-regrets approach to risk treatment/adaptation.

¢ Avoiding locking in options due to adaptation and development decisions that limit
further adaptation in the future.

3.5 Workshop View of a Successful Adaptation Approach

The floodplain adaptation workshop considered that a successful floodplain adaptation
approach in this context would be one:

e which has a long-term view of the situation (50+ years);

o which provides flood protection benefits;

e which has costs which are acceptable/justified;

o which considers the health of the environment and natural amenity values as key
factors;
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In which the risk and benefits of alternative strategies/pathways are clearly
communicated to other stakeholders;

in which the approach is supported and acceptable to Kai Tahu and the wider
community (i.e. residents, DOC); and

which Involves on-going monitoring of natural processes and tracking of adaptation
performance.

3.6  Workshop View of Factors for Assessing Interventions

The floodplain adaptation workshop considered that the following questions need to be
addressed in assessing proposed interventions as part of an adaptation approach and making a
judgment on whether they are suitable and appropriate in this context:

What are the interventions trying to achieve?

What are the impacts?

What are the benefits?

What are the risks? What are the consequences of failure of specific interventions?
How long will any river management/engineered interventions provide continued
protection?

How viable are these river management/engineered interventions in the longer-term -
especially given the environmental/hazard context (e.g. ongoing riverbed aggradation,
geomorphic consequences of an Alpine Fault earthquake, and climate change impacts
on hydrology and flooding)?

How are the interventions impacted by national, regional and district regulatory
frameworks (e.g. National Policy Statement for Freshwater Management, the ORC
Water Plan, the Resource Management Act, the District Plan etc.)?

What on-going monitoring is required?

What performance standards should be applied?

What information gaps are there?

The above questions were considered during the workshop when each of the three main areas
of concern on the Dart-Rees floodplain were considered. These areas are discussed in the
next three section of this report.
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4.0 Rees and Glenorchy Flooding

4.1 Specific Threats and Hazards

Due to the level of bed aggradation relative to the adjacent floodplain areas, the Rees River
was described by Professor Brasington as “a perched river and becoming more perched over
time” due to the unlimited supply of sediment material to feed it. This is illustrated in Figure 4.1
which shows a relative elevation model of the Dart-Rees valley floor computed by comparing
valley floor levels to the average level of the adjacent riverbed. In terms of an adaptive
pathways approach, the river has already reached a trigger point which largely prevents
transitioning from one solution to another in such an approach.

The main hazard and threat issues for Glenorchy township were identified in Section 2.3 and
Figure 2.2:

¢ Increasing flood hazard due to bed aggradation;

¢ Increasing flood hazard due to breakout flows into the Glenorchy Lagoon and the
potential for permanent channel avulsion;

¢ Increasing flood hazard due to climate change impacts; and

e Increasing erosion hazard to existing stopbank due to the combination of ongoing
riverbed aggradation and climate change impacts.

The first three flood hazards would be manifested in the occurrence of stopbank overtopping.

The erosion hazard to the stopbank could result in a stopbank breach which allow the release of
floodwaters into parts of the town. A piping failure?? of part of the existing stopbank under
extreme flood conditions would also have the same effect.

As illustrated by Figure 2.13, flood inundation in Glenorchy by floodwaters originating from the
Rees River (either through flood breakout into the Glenorchy Lagoon area and stopbank
overtopping or a stopbank failure would mainly affect the margins of the township. However,
flood inundation resulting from high lake levels in addition to fluvial sourced flooding could affect
a larger part of the town (see Figure 2.3 showing the extent of flooding in the November 1999
flood event).

22 Piping (also called “internal erosion”) of an earth embankment structure takes place when water
seeping through it carries soil particles away from the structure. If the seepage that discharges on the
downstream side of the structure carries particles of soil (or sediment), an elongated cavity or “pipe” may
be eroded backward (working upstream) toward the impounded ‘reservoir’ through the embankment body
or foundation. When a backward-eroding pipe reaches the ‘reservoir’, an embankment breach can
develop, forming a gap in the structure and releasing water from the ‘reservoir’. Definition adapted from
Unites State Association of State Dam Safety Officials, Internal Erosion of Dams,
https://damsafety.org/dam-owners/internal-erosion-of-earth-dams.
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Figure 4.1: Relative elevation model of the valley floor for the Dart-Rees River System?®

4.2 Evaluation of Community Suggestions for Intervention

Table 4.1 sets out the intervention suggestions put forward by the community for Glenorchy and
provides comments on their suitability for inclusion in an adaptation pathways approach based
on the information contained in Section 3.

Some of the suggested intervention options can be ruled out as ineffective or not viable. Other
options are only of short-term or limited benefit and are discussed further in Section 4.3.

23 The relative elevation model is computed by comparing valley floor elevations to average levels of the
adjacent riverbed. The section of super-elevated riverbed which has been highlighted is the likely source
for a potential flood breakout eastward into the lower-lying area of the wetland and Glenorchy Lagoon.
The model is based on a LIDAR topographic dataset obtained in 2019.
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Table 4.1: Evaluation of possible intervention options for Glenorchy suggested by community members during engagement events

Intervention

Comments

Key Challenges for Inclusion in Adaptation Pathways
Approach

Raising or modifying existing
stopbank structure

Intervention aims to increase level of service in short-
term and provide greater scour and erosion security to
existing barrier to keep floodwaters from Rees River
out of Glenorchy Village.

Practical short-term option but provides a false sense
of long-term security and likely to result in an increased
level of residual risk over time.

Could be an interim measure and buy time to allow for
a longer-term strategy or a strategy of raising floor
levels (of existing houses) to be implemented along
with new land-use planning controls.

The existing structure appears to have been constructed and
maintained with a low level of engineering input (WSP, 2020a;
WSP, 2020b; Tonkin and Taylor, 2021b). Any structural
deficiencies will need to be remedied before the structure can
be further modified.

Ongoing bed aggradation will gradually reduce the level of
service over time leading to an increasing fluvial hazard.
Long-term bed aggradation would be exacerbated by the
sediment input to the river system from a future Alpine Fault
Mw 8 earthquake.

Major investment in a stopbank structure makes it difficult to
later retreat from the “protected” area.

Gravel extraction

Intervention would aim to lower bed levels in the Rees
River in order to reduce flood levels.

Area of riverbed over which gravel extraction would be required
is very extensive.

Not a viable or sustainable intervention in view of the large
volume of gravel material needing to be removed to lower bed
levels and the large volume of sediment transported annually
by the Rees River (300,000 m? per year from 1966-2007 into
Lake Wakatipu (Wild, 2013)).

Environmental impact of gravel extraction in a renowned
wilderness area would be significant due to the widespread and
continuous nature of the mining activity, and the problem of
disposal of the extracted gravel material.

Channel realignments, such as
diversion of Rees River flows
into Dart River

Intervention would aim to try and divert a greater
proportion of Rees River flows into the Dart River away
from Glenorchy Village.

Approach would have limited effectiveness as the Rees
overflow path to the Dart River is located downstream of the
flow breakout points along the left bank of the Rees River.
There is also no certainty over what proportion of the Rees
River flow may be able to be diverted due to the braided nature
of the river.

Rees overflow path to the Dart River is highly dynamic and
subject to continual rapid aggradation and there is no certainty
that this intervention would remain permanently effective.

This approach would need continuous active management to
maintain some measure of diversion effectiveness (ORC
currently actively monitor the overflow channel).
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Intervention

Comments

Key Challenges for Inclusion in Adaptation Pathways
Approach

River control structures or
plantings (e.g. groynes to
mitigate channel / stopbank
erosion)

Intervention only aims to bolster the security of the
existing stopbank by mitigating the erosion hazard to it.
QLDC has recently applied some rock armouring to the
most vulnerable part of the existing stopbank.

Short stub groynes constructed of rock material are an
alternative form of bank protection to a rock revetment
type of protection (they push high flow velocities away
from the bank being protected).

This intervention only provides increased erosion security to the
existing stopbank, not enhanced protection from flood
inundation.

Other sections of the existing stopbank remain unprotected and
vulnerable to attack by high flow velocities under flood
conditions and as channel braids in the river shift over time.

As with the existing stopbank, ongoing bed aggradation will
eventually subsume groynes or other river control structures,
thereby gradually reducing the level of service over time.
Intervention does nothing to address the increasing flood
hazard from the Rees River due to ongoing riverbed
aggradation, flood breakout into the Glenorchy Lagoon and
future climate change impacts.

Bunding or new structures to
reduce overland flood flows
into Glenorchy Lagoon

Intervention aims to block (or partially block) flood
breakouts from Rees River into Glenorchy Lagoon.
Glenorchy Lagoon is a Regionally Significant Wetland
in the Regional Plan Water.

Blocking of flood breakouts along Rees River true left bank will
cause the problem to be translocated to another point on the
floodplain.

This approach would require a very long structure or could be
constructed as a series of partial barriers or baffles.

Partial barriers/ baffles could well be washed away in an
avulsion event.

Intervention may provide short-term benefits for smaller floods
but the level of service of any structure (or structures) would
reduce over time due to ongoing bed aggradation and future
climate change impacts.

The Regional Plan Water has rules that limit changes affecting
the functioning of a Regionally Significant Wetland.
Intervention may alter wetland hydrology and therefore have
potential adverse effects on lagoon ecology.

Willow management or
channel modification of
Lagoon Creek to enhance
drainage ability from lagoon

Intervention aims to improve drainage capacity of
Lagoon Creek.

This intervention would probably only have a very limited effect
on lagoon flood levels.

The volume of flow to be drained from the Glenorchy Lagoon in
a flood breakout event is probably significantly greater than the
existing discharge capacity of Lagoon Creek.

Even if the discharge capacity of Lagoon Creek was doubled,
this would probably only have a limited effect on flood levels in
the Glenorchy Lagoon.
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4.3 Evaluation of Other Possible Interventions

Table 4.2 sets out other possible intervention options for Glenorchy which were discussed
during the floodplain adaptation workshop. As with the options set out in Table 4.1, comments
are provided on their suitability and viability for inclusion in an adaptation pathways approach
based on the information contained in Section 3.

During the workshop discussion, there were several comments made in relation to the
consideration of other intervention options which are pertinent to record:

o If the benefits of any intervention are uncertain, and every large weather event is likely
to “re-set” the system, then what level of cost for that intervention is acceptable needs to
be carefully considered.

e There needs to be a balance between maintenance / tactical responses and major
infrastructure investment for mitigating flood hazards.

e Both ORC and QLDC only have limited funds available for ongoing maintenance.

e The scope and scale of any planned river management works needs to be clearly set
out in ORC’s Annual Plans and Long-Term Plan, as well as clearly communicated to the
community.
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Table 4.2: Evaluation of other possible intervention options and strategies for Glenorchy discussed during adaptation workshop

Intervention

Comments

Key Challenges for Inclusion in Adaptation Pathways
Approach

“Status quo”

The approach could possibly be adopted in a very targeted
way towards a smaller number of houses as opposed to
the full community now that more is known about likely
flood extents and depths.

This is a hazardous approach as it ignores the reality of a
(negatively) changing hazardscape affecting Glenorchy.
Following this approach would need to be an informed
decision at both a community and political level.

Stopbank interventions

Retaining existing stopbank
without any upgrade

The existing stopbank with its current geometry is not fit for
purpose and has no defined level of service.

There is an existing threat to life and property from
floodwaters conveyed by the Rees River, which is
increasing over time.

The changing threat has been identified and now needs to
be remedied.

Removing existing stopbank

What if the existing stopbank was not present?

Based on the February 2020 flood, there would be a similar
flood inundation extent in Glenorchy to what occurred in
that event.

Removal of an existing structure providing some level of
protection, even if that level of protection is not defined,
would be a hazardous approach.

The flood inundation threat is known to be increasing.
The rise in floodwaters in the absence of the existing
stopbank would be much faster and flooding would occur
more frequently.

Local scale interventions
within town

Bunding around houses

Intervention aims to keep floodwaters away from individual
houses?*.

Intervention is only suitable for isolated houses where
plenty of space is available.

It could have an adverse effect by diverting floodwaters
towards other properties.

A bund traps water if it is overtopped by an over-design
flood, leaving the “protected” house within a puddle and
stranding residents.

Any bund is also an access constraint to the “protected”
house under normal (non-flood) conditions.

Raising floor levels of existing
houses

Intervention aims to raise floor levels of habitable buildings
within a flood prone area to achieve a minimum level of
service®4.

While the approach is feasible, it is also costly for individual
houses.

24 Clause E1.3.2 of the New Zealand Building Code Clause E1 Surface Water sets out a minimum performance standard for buildings with respect to floods.
“E1.3.2 Surface water, resulting from an event having a 2% probability of occurring annually, shall not enter buildings (being limited to housing, communal
residential and communal non-residential buildings” (MBIE, 2020). The Building Code only applies to new building work undertaken after 1991.
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Intervention

Comments

Key Challenges for Inclusion in Adaptation Pathways
Approach

The approach is feasible as has been demonstrated in
Christchurch where it has been applied in low-lying areas
affected by the Canterbury earthquake sequence?.

The approach could address both lake-sourced flooding
and river-sourced flooding.

If a house gets surrounded by floodwaters, residents could
get stranded without warning.

If houses owners make a large investment in getting a
house raised, then they will likely want to stay there for a
long period of time to obtain the benefit of their investment.
From the flood modelling carried out for a 1 in 100 AEP
flood (historic climate) in the Rees River combined with a 1
in 10 AEP flood level in Lake Wakatipu (Land River Sea,
2022), flow velocities through the inundated part of the
town would likely be in the order of 0.5-1 m/s (higher
across roads) with flow depths of 0.5-2.0 m. These flow
depths and velocities could be potentially hazardous to
people and building foundations.

It is important to note that, if an avulsion event occurs into
the Glenorchy Lagoon and causes the stopbank to be
overtopped, the floodwaters will be carrying a lot of
sediment which creates an additional hazard to buildings
and properties.

Effectiveness of intervention diminishes over time due to
the increasing flood inundation threat .

Intervention does not address the impact on utility services
and roads.

Other Interventions

Raising section of Mull St/
Glenorchy-Paradise Rd at east
end of town

Intervention aims to block the spread of floodwaters from
the Glenorchy Lagoon area southwards across Mull St/
Glenorchy-Paradise Rd.

Figure 2.13 shows flood inundation extending southwards
across Mull St/ Glenorchy-Paradise Rd and inundating
several properties in a low-lying area to the south of the
road.

Raising the road level would block the spread of
floodwaters into this area but could potentially create a
ponding area for localised rainfall events.

The number of affected properties appears small so this
strategy would likely only have limited benefit.

Installation of flap-gate on
culvert under Mull Street /
Glenorchy-Paradise Rd at east
end of town

Inundation aims to prevent the backflow of floodwaters
from the Glenorchy Lagoon area southwards under Mull St
/ Glenorchy-Paradise Rd.

The existing culvert under Mull St / Glenorchy-Paradise Rd
at the east end of the town would presently allow
floodwaters ponding in the Glenorchy Lagoon to backflow

25 https://www.ccc.govt.nz/the-council/plans-strategies-policies-and-bylaws/policies/sustainability-policies/flooding-intervention-policy
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Intervention

Comments

Key Challenges for Inclusion in Adaptation Pathways
Approach

up the creek draining Bible Terrace and inundate properties
to the south of the road.

Vegetation planting in flood
breakout paths to Glenorchy
Lagoon area

Intervention would aim to limit the volume of overland flow
to Glenorchy Lagoon.

Vegetation could be planted in overland flow areas along
the left bank to encourage sediment deposition and build-
up of ground levels.

May be an opportunity to restore the original pre-
development vegetation in this area.

The effectiveness of this intervention would be reduced
over time with ongoing bed aggradation in the Rees River.

Other approaches

Flood warnings — Glenorchy
Lagoon

ORC have installed level monitoring in the Glenorchy
Lagoon with two alarm levels set to provide timely warning
of rising flood levels.

There is currently no redundancy in the water level sensors
or the communication equipment.

The monitoring system needs to be made more robust
(note improvements are planned in the near future).

A “rate of level rise” capability needs to be explored to
assess whether the monitoring system would be effective
at picking up potential avulsion events from the Rees River
into the lagoon area.

Flood warnings — Rees River

ORC have established a new flow gauge in the Upper
Rees Valley to provide timely warning of rising flood
magnitudes in the Rees River.

Alert levels have not yet been defined for this gauge but will
be in the near future.

Civil defence authorities have been made aware of the
availability of this information.

ORC operates an on-call 24/7 flood monitoring / response
team for responding to flood emergencies and providing
support to Civil Defence authorities.
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4.4 Information Gaps and Recommended Actions

A number of information gaps were identified during the floodplain adaptation workshop
discussion which require specific actions to be taken. This are grouped below under different
headings.

Flood Warning / Awareness

e The level of redundancy in water level gauges and communications equipment used for
flood warning purposes needs to be checked (there is currently no redundancy with the
water level sensor and communications equipment installed in the Glenorchy Lagoon).
The reliability of these warning systems may need to be improved with additional system
redundancy.

e The flood hazard extents for Glenorchy shown on the QLDC website reflect old data
based on previous flood modelling and historical flood observations. QLDC and ORC
need to work together to update the flood hazard extents based on the more recent
modelling work carried out by Land River Sea Consulting for ORC.

¢ The Emergency Management Otago flood guide for Glenorchy is still in draft form and
needs to be publicly released as an operative document. The guide can be updated as
the adaptation plan is developed.

Flood Forecasting

o Aflood frequency model using flow data from the Rees River gauge needs to be
developed as soon as practicable, and updated periodically thereafter.

e Use flood modelling to establish an approximate threshold flow value for flood breakout
along the left bank of the Rees River.

o Confirm the reliability of the flood warning system including telecommunication networks
and backup communication systems?’.

e Monitor when future flood breakouts occur and relate the start of these breakout events
to the flows measured by the upstream Rees River gauge.

Glenorchy Lagoon and Lagoon Creek

e Undertake a channel cross-section survey of Lagoon Creek

e Undertake a computational hydraulic modelling Investigation of the interaction of Lagoon
Creek and the Rees River during high flow?2,

e Could obtain bathymetric survey data for Glenorchy Lagoon — this is probably not
required though as Land River Sea Consulting’s 2D computational hydraulic model of
the Rees River and floodplain is not very sensitive to pre flood event lagoon levels.

Robustness and Reliability of 2D Model of Rees River and Floodplain

27 There needs to be redundancy built into the monitoring and warning systems. This was highlighted in
the July 2021 flood event in the Buller River where four flood gauges failed. Note ORC uses satellite
communications for collecting flood data and not the cell phone network. It also uses two sensors per
flow gauge so there some redundancy built into the monitoring equipment.

28 A coupled 1D/2D model is recommended compared to discrete 1D and 2D models to ensure that the
backwater influence from the Rees River at the Rees / Lagoon Creek confluence and flow transfer
between the creek and the floodplain are correctly represented.
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Uncertainty of flood inflows measured by flow gauge — ensure an adequate number of
flood gaugings is undertaken at the gauge site.

Supplement this by undertaking flood gaugings at the Rees Bridge.

Undertake regular LIDAR / TLS?® surveys or satellite photo analyses of the riverbed to
update the Digital Elevation Model incorporated in the 2D computational hydraulic model
of the Rees River and floodplain (applying corrections to the DEM for below water parts
of active channel braids).

Obtain good aerial imagery of flood extents at the peak of future large flood events.
Collect ground observations of future large flood events (debris marks, peak flood
levels).

After future large flood events, run model simulations of each flood event with an
updated riverbed profile to check model accuracy with respect to flood extents.

Glenorchy Stopbank Level of Service and Improvements

Establish what work needs to be carried out to remedy the structural deficiencies of the
existing stopbank.

Extract long-sections of flood levels along length of stopbank from 2D model simulations
of different flood scenarios to compare to the existing stopbank crest profile. Establish
the current level of service of the stopbank.

“Glass-wall” the stopbank in the 2D model and run model simulations of different
breakout flow volumes to provide a better understanding of the impact of different levels
of flow avulsion along the left bank of the Rees River. Use the results of these model
simulations to define a range of possible stopbank improvements.

Investigate the impact of hypothetical stopbank breach scenarios with selected stopbank
improvements.

Consequences of Constructing Bunds / Bands of Heavy Vegetation on Left Bank of Rees

Develop a delta management plan setting out how the delta will be monitored and
managed in the future, i.e. how sediment aggradation will be monitored, where
vegetation will be actively planted and maintained, and where vegetation will be kept
clear etc.

As part of the development of the delta management plan, explore a range of possible
options for constructing partial barriers or planting dense vegetation on the left bank
floodplain of the Rees River to try and limit breakout flows into the Glenorchy Lagoon
from the main river.

Undertake additional 2D model simulations for the same flood scenario to assess the
effectiveness of options to limit the volume of breakout flows in the lagoon.

Assess the implications of these options for limiting breakout flows into the lagoon on
the lagoon ecology.

Building Floor Levels in Glenorchy

QLDC to review records and determine if they already have this data.
If not, undertake a floor level survey of residential and commercial buildings in
Glenorchy.

29 Terrestrial Laser Scanning (TLS)
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Following the floor level survey, undertake a consequence assessment using the results
of the 2D model simulations to determine the number of affected properties in Glenorchy
for different flood scenarios, and the magnitude to which they are affected (i.e. flood

inundation depth and flow velocity).
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5.0 Kinloch Road

5.1 Specific Threats and Hazards
The main hazard and threat issues for the Kinloch Road were identified in Section 2.3:

e Continual bank erosion over significant lengths of the road;

¢ Inundation of the road by floodwaters from the Dart River which is increasing in
frequency of occurrence.

e Localised flood and debris flow events; and

o Landslides on the valley side-slopes.

Figure 3.4 shows the threat locations along the road.

As illustrated in Figure 2.7(a), the active channel belt is slowly migrating westwards such that
flood flows are constantly attacking the existing bank edge requiring it to be armoured in places
(refer to Figure 2.5). The westerly migration of the active channel belt is due to the transverse
slope of the riverbed with bed levels higher on the east side compared to the west side. This is
illustrated by three cross-sections in Figure 5.1(b) sourced from recent LIiDAR data which show
cross-section profiles from south-west to north-east across the riverbed and the adjacent
floodplains. Figure 5.1(a) shows the location of the cross-section profiles which are aligned to
coincide with the currently affected sections of the road identified in Figure 3.4.

As noted in Section 2.3, the bank erosion hazard along the right bank of the Dart River adjacent
to the Kinloch Road is exacerbated by the ongoing aggradation of the riverbed.

Two areas of rock armouring protection have been applied by QLDC along the bank edge in
recent years (see Figure 3.4):

o One area at the north end where the road south to Kinloch first drops off the forested
valley side-slopes onto the floodplain (this is downstream of where an old river training
bank — now destroyed — was located); and

e Another area nearer the village and just upstream of where the road kicks back in
towards the hillside.

Other sections of the road (as marked in Figure 3.4) have been locally raised above floodplain
ground levels to reduce the risk of flood inundation.

5.2 Possible Interventions

Possible interventions are shown on Figure 3.4.

The localised bank protection works and localised road raising referred to in Section 5.1 are
reactive measures. Due to the scale of the aggradation problem across the Dart-Rees River
System, these localised interventions are going to only have a limited lifespan, and hence
effectiveness, i.e. they will only be a temporary fix.
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Figure 5.1(a): Location of selected Dart River cross-sections where flood flows are
threatening the Kinloch Road
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Figure 5.1(b): Profiles for selected Dart River cross-sections where flood flows are
threatening the Kinloch Road
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The rock that has been used for these works has been obtained from a mix of sources. Locally
sourced material from the Glenorchy area has been used for ad-hoc and smaller scale repairs
while the most recent works requiring a larger volume of rock have been sourced from the
Queenstown area (Ben Greenwood, QLDC, pers. comm.). Rock material carted from
Queenstown makes the cost of repair works quite expensive.

Another significant disadvantage of rock armouring of a bank in a braided river channel system
is that the armouring tends to “suck in” braid channels and attract scour, requiring constant
maintenance and often further extensions upstream and downstream beyond the original
extent. Rock armouring of a bank can also be outflanked upstream and downstream.

The chance that the current east to west trajectory of the active channel belt in the Dart River
will continue is very high. Rock armouring of the existing bank line may slow this trend down,
but it is unlikely to have more than a 5-10 year lifespan. The next large flood could overwhelm
the road.

Other intervention suggestions from the community included (see Figure 3.4):

e Large-scale erosion protection or flood mitigation structure(s);
o Re-design of the road away from the floodplain; and
o Use of alternative transport e.g. boat access across the lake.

These and other possible interventions are evaluated in Section 5.3.

5.3 Evaluation of Other Possible Interventions

Table 5.1 sets out other possible intervention options for the Kinloch Road which were
discussed during the floodplain adaptation workshop. These options were evaluated for their
suitability and viability. Table 5.1 also provides a summary of this evaluation with other relevant
comments.
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Table 5.1: Evaluation of other possible intervention options and strategies for Kinloch Road and access discussed during adaptation

workshop

Intervention / Strategy

Comments

Key Challenges for Inclusion in Adaptation Pathways
Approach

Large-scale erosion protection
or flood mitigation
structure(s)3°

This intervention aims to arrest or slow the lateral migration
of the active braid channel belt on the western side.

As noted in Section 5.2 with respect to more localised
interventions of this nature, these types of structure would
only have a limited lifespan due to ongoing riverbed
aggradation.

The approach would do nothing to address the existing
flood inundation problem affecting the road which is likely
to be experienced more frequently.

This type of intervention is expensive. QLDC have spent
$470,000 in the last five years on treating approximately
780 m of riverbank length to try and maintain access along
the road. This amount is well in excess of QLDC’s budget
over five years for road maintenance activities and has had
to be funded as emergency works.

Active river management to
keep river away from road

This intervention would be aimed at separating the river
from the road.

The highly dynamic nature of the braid channel pattern in
the active channel belt with continual change and ongoing
aggradation and channel migration makes this approach
extremely challenging to implement.

It would require large-scale and continuous channel
modification works which would be environmentally
damaging in a wilderness area.

There is a high chance that such works would be
ineffective in the short term due to the dynamic nature of
the changing braid patterns across the riverbed.

The approach would also very likely be unsustainable in
the long-term due to the same dynamic behaviour of the
riverbed (it is tantamount to ‘fighting nature’).

The cost would be very high, difficult to justify and very
unlikely to be palatable to ORC, QLDC and ratepayers.
The riverbed is already nearly at the level of the road in
several areas and this approach does nothing to address
the existing flood inundation problem.

30 Note comparison of 1966 and 2019 right bank positions on the Dart River shows >500 m of westerly migration of the bank line in ~ 50 years. However,
bank retreat is episodic and could be 20-30 m in a series of flood events, or up to 50 m in a year.
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Intervention / Strategy

Comments

Key Challenges for Inclusion in Adaptation Pathways
Approach

This intervention would interfere with jetboating and other
recreational activities on the Dart River.

The ‘keep the river away from the road’ intervention would
need to be fully explored in a business case developed by
QLDC.

Temporary 4WD access
through private land for use
when existing road flooded

This strategy aims to provide an alternative temporary
access route.

It is an important temporary measure to investigate as a
matter of urgency in order to maintain access to Kinloch
most of the time and in case a section of the road nearer
Kinloch is eroded away through riverbank retreat.
Development of a 4WD access track could be implemented
as a short-term solution in advance of the business case
being drafted by QLDC for identifying a long-term solution.

The temporary access route may still not be fully passable
under high flow conditions in the Dart River when the full
width of the floodplain is inundated.

This measure would require the cooperation of the owners
of Woodbine Station (the station has recently changed
ownership).

Permanent relocation of the
road within the floodplain

This strategy aims to remove the road from exposure to
existing flood inundation and riverbank erosion hazards.
It could be a viable long-term option to maintain road
access to Kinloch

This strategy would require initiating discussions with the
new owners of Woodbine Station and establishing an
agreement with them.

Obtaining landowner agreement may take a long time and
may not necessarily be achieved.

This option would also need to be considered as part of a
business case prepared by QLDC (the focus of the
business case is not only physical access but also health
and safety as people often ignore road closure signs and
get stuck, requiring their rescue).

Permanent relocation of the
road to the valley side-slopes

This strategy also aims to remove the road from exposure
to existing flood inundation and riverbank erosion hazards.
It could also be a viable long-term option to maintain road
access to Kinloch.

The Greenstone Road is an example of what this road
could look like.

There may be legal issues with this strategy as large parts
of the valley side-slopes are in the DOC estate.

The environmental impact of this strategy would be more
significant due to the need to clear a path through native
vegetation to construct a new road.

This option would lead to increased exposure to other
hazards — landslides, debris flows, stream / alluvial fan
flooding.

This option would be more expensive than the ‘permanent
road relocation within the floodplain’ option.

Alternatives to road access

This strategy would focus on other means of providing
access to Kinloch (e.g. boat and air access).

The existing Kinloch Wharf is no longer accessible to boats
due to progradation of the Dart-Rees sediment delta.

There is currently no public transport funding available for a
water taxi type service.
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Intervention / Strategy Comments Key Challenges for Inclusion in Adaptation Pathways
Approach

Helicopter access is feasible but would be expensive and
would require a permanent helipad at Kinloch.

This option would need to be considered as part of a QLDC
business case

Temporary access by boat This strategy would focus only on providing emergency Delta progradation means the existing Kinloch Wharf is no

across the lake as an access across the lake when the existing road became longer serviceable for boat traffic.

emergency measure impassable due to flood inundation or damage. The provision of temporary access means could be
The local owner of Kinloch Lodge does operate a boat required for extensive periods of time if the existing road is
service for guests if the road is closed although this is damaged or eroded away, or the lake remains high causing
problematic if the lodge guests have rental cars. the road to stay inundated.

This strategy is problematic if stranded visitors have cars
(either private or rental) which they have to leave behind.
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5.4 Information Gaps and Recommended Actions

The following information gaps and recommended actions were identified during the floodplain
adaptation workshop discussion:

Topographic Data

o Undertake an inspection of historic aerial photographs and satellite imagery to
determine detailed trends in bank line migration over time, and any hotspots®.

¢ Inthe future, routinely obtain high-resolution satellite imagery to monitor future changes
in bank lines over time.

e Obtain new LIDAR data and aerial imagery for the Lower Dart River®?,

¢ Analyse new LIDAR data to detect changes in bed levels and braid channel patterns.

Improved 2D Modelling

e Re-run 2D computational hydraulic model with new DEM incorporating braid channels
based on 2022 LIDAR data.

¢ Use model simulation results to help develop possible alternative realignments of road
on floodplain.

o Extract suitable information from model simulation results to support QLDC business
case.

Previous Emergency Works

o Collate construction cost information on bank armouring and road raising carried out
previously as emergency works to support QLDC business case.

Monitoring

o Develop a data collection plan for during and after significant flood events (Dart at the
Hillocks hydrometric station flows > 1500 m?/s).

e Obtain aerial imagery near peak of flood events.

o Fix debris marks at key locations and survey positions and levels.

e Carry out a post-event LiDAR survey of riverbed.

QLDC Business Case®

Define the problem (refer Section 5.1).

Establish who the stakeholders are.

Identify the information needed to inform the business case.

Start gathering the information needed to support the preparation of the business case.

31 This work has partially been completed.

32 Professor Brasington is planning on undertaking a repeat LiDAR survey covering this area in the 2022
calendar year.

33 QLDC currently has a big backlog of business cases. Kinloch Road is not currently included in the
QLDC Long-Term Plan. This does not preclude QLDC staff from starting work to clarify the scope of the
business case and addressing data needs.
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Emergency Response Plan

¢ Develop an immediate response plan3 ready to implement in case the road is
permanently closed before the business case is developed and considered. This
includes developing a quick alternative access solution.

34 Note that this is already in the process of being developed.
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6.0 Rees Bridge and Upstream Right Bank Floodplain

6.1 Specific Threats and Hazards

The main threats to the Rees Bridge from ongoing riverbed aggradation and climate change
effects were identified in Section 2.3. These include:

¢ Reducing bridge waterway flood capacity;

e Increasing potential for scour and erosion damage at the bridge piers and abutments;
and

e Increasing potential for structural damage to the bridge from debris rafting and flood
overtopping.

The bridge was originally constructed in 1958. It is currently inspected every 2 years. There
was some concern about the bridge during the February 2020 flood when the freeboard under
the bridge soffit was less than 0.5 m. As noted in Section 2.4, a Moxy dump truck could be
driven under the bridge five years ago but this is now no longer possible due to the rise in
riverbed levels from sediment aggradation.

During a site inspection prior to the floodplain adaptation workshop, it was observed that the
bridge abutments appear to have no significant rock protection against scour. The left
abutment is currently the most vulnerable (Figure 6.1) and there appears to be evidence of a
slight amount of slumping of the approach embankment fill immediately adjacent to the
structure (Figure 6.2). The right abutment appears less vulnerable with vegetation growing
around and under the abutment (Figures 5.4 and 5.5). This suggests it is a long time since
flood flows impinged directly on the right abutment. If flood flows are directed at an unprotected
bridge abutment, there is potential for the fill in the approach embankment to be scoured out
leaving the abutment undermined and flood flows outflanking the bridge structure. An
immediate action should be to provide adequate rock protection to the bridge abutments, with
the most urgent priority being the left abutment.

It was noted that a diffluence of braid channels exists upstream of the bridge where the main
braid channel seems to pivot between left and right banks. In the 3 km long reach upstream of
the bridge, there has been a mean aggradation height of about 0.3-0.35 m over the last 10
years. The highest aggradation rates in this reach are furthest upstream from the bridge. The
amount of sediment deposition relative to the crest level of the existing right bank stopbank
upstream of the bridge means that there exists the potential for a flood breakout onto the
western floodplain. This would cause the roads to Paradise and Kinloch to be inundated. A
permanent channel avulsion in this direction would sever these road connections.

Relatively small flood events in the Rees River based on measurements in the 2009-2011 field
campaign (refer Section 2.5) can cause movement of 5,000-30,000 m? past the bridge in a
single event. QLDC currently hold a resource consent to extract up to 20,000 m3/year at the
bridge but this is insignificant compared with the average volume of gravel bed material which is
likely to be transported past the bridge annually. There is currently not much demand for the
material and there is no desire on the part of QLDC to increase the annual take as there is no
use for the material. It does not meet normal road construction specifications.
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Figure 6.1: View of left abutment of Rees Bridge on upstream side from bridge

Figure 6.2: View under left abutment of Rees Bridge from upstream side of road
embankment showing small amount of slumping of approach embankment fill material
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Figure 6.3: View of right abutment of Rees Bridge on upstream side from bridge

Figure 6.4: View under right abutment of Rees Bridge from downstream side of road
embankment

The control of sediment aggradation at the bridge is therefore not a viable solution with the
volume of aggradation vastly exceeding the extraction volume on an annual basis. It is noted
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that there are two other active consents for gravel extraction upstream of the bridge, but the
volumes taken are also small.

The main stopbank on the right bank floodplain®® of the Rees River upstream of the Rees
Bridge runs along the existing bank line seen in the aerial image in Figure 6.5. It is about 4 km
long (ORC, 1999) and protects agricultural land on the floodplain as well as the roads to
Paradise, Kinloch and the Routeburn Valley (the junction of the road to Kinloch and the
Routeburn Valley, and the road to Paradise can be seen just to the north of the Rees Bridge in
Figure 6.5). There is also evidence of a low stopbank on the left bank floodplain® upstream
and downstream of the Rees Bridge although this is largely obscured by willow trees.

An additional secondary stopbank (Figure 6.6), which extends upstream from the Rees Bridge
running parallel with the Paradise Road, can also be seen in the aerial image in Figure 6.5. It
appears that this may be designed to function as a guide-bank in the event of floodwaters
breaking out across the floodplain on the right bank upstream of the bridge. The guide-bank
would turn flood flows back towards the bridge and force them to flow through the bridge
waterway. It is noted that old paleo-channels are evident on the floodplain between the primary
and secondary stopbanks in Figure 6.5 so that this area was previously part of the riverbed at
some time.

Riverbed levels upstream of the bridge are now 2-3 m higher than the western floodplain and
almost up to crest of the primary stopbank in places. The threat of flood breakout and even a
permanent channel avulsion along the right bank with river flows bypassing the bridge is
therefore very real®”. While this type of event would impact on farmland, the primary impact
would be on road access to Paradise, Kinloch and the Routeburn Valley. It could also affect a
Fish and Game Lodge near Diamond Creek (at the start of the Diamond Lake track). With
floodplain levels significantly lower than current riverbed levels in this area, it could be very
difficult to block off river flows that had formed an avulsion path through this area.

Further upstream (out of view at the top of the aerial image in Figure 6.5), ORC maintain some
rock groyne structures along the right bank which attempt to force the active channel belt over
towards the left bank. The head of one of these long groyne structures (Figure 6.7) has been
damaged in the past by flood activity and ORC are currently stockpiling a supply of rock to
enable the damaged section to be reinstated. These structures are located too far upstream to
have any influence on the behaviour of the active channel belt nearer the bridge (which will be
more affected by aggradation trends across the riverbed surface). They are also only likely to
remain effective in the short-term due to the level of riverbed aggradation being experienced
and their low degree of submergence before being overtopped.

The scale of riverbed aggradation upstream of the Rees Bridge is such that not much can be
done to mitigate the risk of a flood breakout or channel avulsion event across the right bank
floodplain. The existing primary stopbank could be raised but this would increase the residual
risk over time (i.e. higher impacts would result when stopbank failure in the future inevitably

35 The main right bank stopbank upstream of the Rees Bridge was constructed by ORC in 1984 together
with willow plantings adjacent to the bank (ORC, 1999).

36 The left bank stopbank upstream of the Rees Bridge was constructed by ORC in 1996 to reduce flood
overflows in that area (ORC, 1999).

37 The main right bank stopbank required frequent regular repairs and maintenance up to 1999, including
a major breach which threatened the Glenorchy-Paradise Road in January 1994 (ORC, 1999).
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occurred due to the combined effects of bed aggradation and climate change) and would only
buy time. This underlines the importance of understanding the location of potential channel
avulsion paths across the right bank floodplain and ensuring no development or intensification
occurs within those pathways in the future.

Figure 6.5: Overview of Rees River and floodplain upstream of Rees Bridge (sourced
from QLDC Spatial Data Hub)
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Figure 6.6: Secondary stopbank on right bank upstream of Rees Bridge which runs
parallel with Paradise Road

Figure 6.7: Rock groyne structure on right bank of Rees River upstream of existing
bridge (the head of the structure beyond the willow saplings in the right of the photo was
damaged in arecent flood event)

It is not feasible in the long-term to either control or prevent channel avulsion from occurring
somewhere across the right bank floodplain upstream of the Rees Bridge due to the unlimited
supply of sediment material from the upstream catchment, the continual rapid rise in riverbed
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levels and the effects of future climate change. It is therefore important to be upfront in
communications with local landowners and the community about:

¢ the threat posed by ongoing riverbed aggradation and the potential for channel avulsion
to occur; and

e the increase in residual risk® that would result if the level of the existing primary
stopbank was raised as a short-term response.

6.2 Evaluation of Possible Interventions

Figure 3.3 does not show any community suggestions for possible interventions at the Rees
Bridge.

Table 6.1 sets out possible intervention options for the bridge which were considered during the
floodplain adaptation workshop.

Ultimately, in view of the scale of riverbed aggradation, the bridge will need to be raised, or
alternatively, replaced with a new structure. However, this is a medium to long-term solution
and will require another business case to be developed by QLDC. In the interim, an ongoing
programme of monitoring and investigations needs to be undertaken.

38 Residual risk is the risk that remains after risk treatment or management has been applied to reduce
the potential consequences of a hazard occurring (MfE, 2017).
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Table 6.1: Evaluation of possible intervention options and strategies for Rees Bridge and upstream right bank floodplain discussed

during adaptation workshop

Intervention / Strategy

Comments

Key Challenges for Inclusion in Adaptation Pathways
Approach

Implement monitoring and
investigations programme

Strategy aims to better quantify hazards (including changes
over time), consequences and risks.

Monitor riverbed aggradation over time (repeat LiDAR
topographic surveys and data analysis).

Use 2D computational hydraulic modelling to establish a
water level / discharge rating curve at the bridge.

Relate water level discharge rating data to flood
frequencies.

Evaluate scour risk to bridge.

Evaluate structural stability of bridge including under
surcharged and overtopping conditions during floods.

This strategy requires an ongoing investment in long-term
active monitoring.

Install improved riprap
protection of bridge abutments

Intervention aims to mitigate existing scour risk to bridge
abutments.

Immediate attention required as a matter of urgency (refer
discussion in Section 6.1).

Lengthen existing bridge

Strategy aims to relieve constriction of active channel belt
and partially alleviate flood risk to the existing bridge.
Current bridge is short relative to the width of the active
channel belt upstream and downstream.

Current channel belt constriction caused by bridge may
accelerate gravel bed material movement past it, but may
also exacerbate riverbed aggradation upstream (average
bed level rise upstream was 0.3-0.35 m over 10 years to
2019).

Lengthening existing bridge could assist in reducing flood
levels for extreme events.

This strategy would need to consider the effects of flood
breakout upstream of the bridge with flood flows bypassing
the bridge.

Consideration would need to be given to maintaining
access across the Rees River while the bridge is being
lengthened.

This strategy would need to be included in QLDC’s
business case (noting that Waka Kotahi is a funding
partner to QLDC).

Raise existing bridge

Strategy aims to alleviate current flood risk to the existing
bridge.

Strategy could be considered in conjunction with strategy of
lengthening existing bridge.

Raising the existing bridge would enable adequate
freeboard to be established for design flood.

Revised design flood magnitude would need to be
quantified allowing for climate change effects.

The freeboard allowance for a raised bridge would need to
accommodate future bed aggradation.

This strategy would need to consider the effects of flood
breakout upstream of the bridge with flood flows bypassing
the bridge.

Consideration would need to be given to maintaining
access across the Rees River while the bridge is being
raised.
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bridge and allow for futureproofing with respect to the
appropriate design standards for flood magnitude and
freeboard.

Constructing a new bridge would enable the design flood
standard with an allowance for ongoing bed aggradation
and climate change effects to be achieved.

Revised design flood magnitude would need to be
quantified allowing for climate change effects.
Consideration could also be given to making a new bridge
longer than the existing to relieve the current constriction of
active channel belt.

Constructing a new bridge would allow the existing bridge
to be used for maintaining access to Paradise, Kinloch and
Routeburn Valley.

Intervention / Strategy Comments Key Challenges for Inclusion in Adaptation Pathways
Approach
This strategy would need to be included in QLDC’s
business case (noting that Waka Kotahi is a funding
partner to QLDC).
Construct new bridge Strategy aims to alleviate current flood risk to the existing The freeboard allowance for a new bridge would need to

accommodate future riverbed aggradation.

This strategy would need to consider the effects of flood
breakout upstream of the bridge with flood flows bypassing
the bridge.

Consideration could be given to a type of bridge
construction that allows the bridge to be raised in the future
(i.e. similar to the Waiho River Bridge at Franz Josef) to
accommodate future riverbed aggradation.

This strategy would need to be included in QLDC’s
business case (noting that Waka Kotahi is a funding
partner to QLDC).

Emergency response planning | Strategy aims to have a response plan ready to implement
in the event of damage to the existing bridge and / or a
flood breakout / channel avulsion event on the right bank
floodplain occurring before a permanent solution is
implemented.

Plans need to be developed for the occurrence of damage
to the existing bridge and / or a flood breakout / channel
avulsion event on the right bank floodplain upstream of the

and property.

bridge.
Planning controls for right Strategy aims to control any future development and There is a need to understand the location of potential flood
bank floodplain upstream of intensification within any potential flood breakout pathways | breakout / channel avulsion pathways across the right bank
bridge across the right bank to reduce the flood hazard to people floodplain.

There is a need to compare the crest level profile along the
length of the primary right bank stopbank3® with adjacent
riverbed levels.

There is a need to establish a crest level profile along the
length of the secondary stopbank /guide-bank running
parallel with the Paradise Road.

39 The crest level profile of the right bank stopbank was surveyed in 2020 by ORC.
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Intervention / Strategy

Comments

Key Challenges for Inclusion in Adaptation Pathways
Approach

There is a need to implement planning controls to preclude
further development and intensification within the area of
potential flood breakout / channel avulsion pathways
across the right bank floodplain.

Raise existing primary
stopbank on right bank
floodplain upstream of bridge

Strategy aims to improve the current level of protection
against flood breakout on the right bank floodplain.

This strategy is a short-term solution only due to ongoing
riverbed aggradation.

It increases the residual risk to farmland and roads on right
bank floodplain.

Raise existing secondary
stopbank on right bank
floodplain upstream of bridge

Strategy aims to improve the current level of protection
against flood breakout on the right bank floodplain.

There is a need to understand the location of potential flood
breakout / channel avulsion pathways across the right bank
floodplain to know if this strategy would be effective, or
more effective than raising level of existing primary
stopbank

This strategy may also only be a short-term solution due to
ongoing riverbed aggradation.

Extend existing secondary
stopbank on right bank
floodplain further upstream

Strategy aims to improve the current level of protection
against flood breakout on the right bank floodplain.

There is a need to understand the location of potential flood
breakout / channel avulsion pathways across the right bank
floodplain to know if this strategy would be effective, or
more effective than raising level of existing primary
stopbank

This strategy may also only be a short-term solution due to
ongoing riverbed aggradation.

Establishment of left bank
flood breakout path upstream
of bridge

Strategy aims to improve the current level of protection
against flood breakout on the right bank floodplain with or
without raising the primary or secondary stopbanks.
Vegetated area on left side of Rees River upstream of
bridge is lower-lying land and was previously active
channel (i.e. 1966 aerial image shows this).

Could remove vegetation to form a 250-300 m wide
preferential breakout flow path over a 3 km distance
upstream of bridge to ease pressure on right bank and
reduce risk of channel avulsion occurring across right bank
floodplain.

The likely effectiveness of this strategy is uncertain and
needs to be investigated.

Land ownership needs to be investigated.

The existing Rees Bridge remains a pinch point for flood
flows and this strategy does nothing to improve waterway
capacity past the bridge.
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6.3 Consideration of Other Monitoring and Investigation Techniques

In view of the uncertainty in the future behaviour and evolution of the Rees River upstream of
the bridge, several other monitoring and investigation techniques to aid in improving the
understanding of this were considered during the floodplain adaptation workshop.

One of the drawbacks of the existing 2D computational hydraulic model of Rees River is that it
assumes a fixed bed based on the riverbed topography at the time of the LIiDAR survey (i.e. it
does not include a sediment transport component which allows for the morphology of the
riverbed to change over time in response to flood activity). It is possible to develop 2D
morphological models which track sediment movement and evolution of the bed morphology
over time. These are good only for short-term forecasting of bed morphology change and
require detailed knowledge of the prior bed topography. They diverge significantly from
observed bed morphology changes over the long-term in actual case studies. Therefore, it is
not considered that this technique would provide reliable or robust predictions of future riverbed
evolution in this context.

Physical hydraulic modelling is another alternative technique. For the scale of the problem in
this context, the size of the model would need to be very large which would make such a study
very expensive. No hydraulics laboratory in New Zealand has the required capacity or the
capability for a model of the size required. Even if it was practical to construct a large model,
there are still likely to be scale effects (e.g. with correctly reproducing sediment transport rates).
The recent physical hydraulic model projects (e.g. the Dart-Rees River System delta and the
Shotover River delta) carried out in New Zealand used micro-scale models which had
significant limitations to what they could represent.

Despite the limitations of 2D fixed bed computational hydraulic modelling, it is still the best
approach available in conjunction with on-going observation and monitoring to assist with
managing the flood hazard in the Upper Rees River. This type of model is a useful tool to help
better understand what might happen in an avulsion event on the right bank floodplain upstream
of the Rees Bridge as well as for visually communicating results to inform the community and
decisionmakers.

One of the critical information needs to manage the flood risk associated with the Rees Bridge
is to establish a water level / discharge rating relationship at the bridge site, and to monitor
changes in this relationship over time in response to ongoing riverbed aggradation. The
conventional approach to doing this would be to install a pressure transducer at the bridge to
provide a continuous record of water levels over time and relate water level measurements to
flow measurements at the upstream Rees at Invincible hydrometric station. However, there are
practical difficulties with such an approach at this site as the main braid channel keeps flopping
from side to side and there may be differences in water levels between braid channels. A more
suitable approach would be to install a special camera system*® at the bridge and use a Particle
Image Velocimetry (P1V) technique to measure water levels and discharge at the bridge site.

40 e.g. https://www.seba-

hydrometrie.com/products.html?L=1&tx_sebaproducts _sebaproducts%5bproduct%5d=299&tx_sebaproducts sebapr
oducts%5bprimarycategory%5d=3&tx_sebaproducts_sebaproducts%5bsecondarycategory%5d=&tx_sebaproducts
sebaproducts%5baction%5d=show&tx_sebaproducts_sebaproducts%5bcontroller%5d=Product&cHash=95452a376
34fdd583904cc07ef1fd983

E2165 61

91


https://www.seba-hydrometrie.com/products.html?L=1&tx_sebaproducts_sebaproducts%5bproduct%5d=299&tx_sebaproducts_sebaproducts%5bprimarycategory%5d=3&tx_sebaproducts_sebaproducts%5bsecondarycategory%5d=&tx_sebaproducts_sebaproducts%5baction%5d=show&tx_sebaproducts_sebaproducts%5bcontroller%5d=Product&cHash=95452a37634fdd583904cc07ef1fd983
https://www.seba-hydrometrie.com/products.html?L=1&tx_sebaproducts_sebaproducts%5bproduct%5d=299&tx_sebaproducts_sebaproducts%5bprimarycategory%5d=3&tx_sebaproducts_sebaproducts%5bsecondarycategory%5d=&tx_sebaproducts_sebaproducts%5baction%5d=show&tx_sebaproducts_sebaproducts%5bcontroller%5d=Product&cHash=95452a37634fdd583904cc07ef1fd983
https://www.seba-hydrometrie.com/products.html?L=1&tx_sebaproducts_sebaproducts%5bproduct%5d=299&tx_sebaproducts_sebaproducts%5bprimarycategory%5d=3&tx_sebaproducts_sebaproducts%5bsecondarycategory%5d=&tx_sebaproducts_sebaproducts%5baction%5d=show&tx_sebaproducts_sebaproducts%5bcontroller%5d=Product&cHash=95452a37634fdd583904cc07ef1fd983
https://www.seba-hydrometrie.com/products.html?L=1&tx_sebaproducts_sebaproducts%5bproduct%5d=299&tx_sebaproducts_sebaproducts%5bprimarycategory%5d=3&tx_sebaproducts_sebaproducts%5bsecondarycategory%5d=&tx_sebaproducts_sebaproducts%5baction%5d=show&tx_sebaproducts_sebaproducts%5bcontroller%5d=Product&cHash=95452a37634fdd583904cc07ef1fd983

Safety and Resilience Committee 10 May 2023 - MATTERS FOR CONSIDERATION

Otago Regional Council
Dart-Rees Floodplain Adaptation - Report on 23-24 February 2022 Workshop 15/11/2022

This technique is currently being used in NZ by Marlborough District Council and Horizons
Regional Council.

6.4

Information Gaps and Recommended Actions

Riverbed Monitoring

Undertake 2022 LIDAR topographic survey of riverbed and repeat surveys thereafter to
monitor riverbed aggradation over time.

Analyse LiDAR survey data to establish long-term bed aggradation trends (noting that
there will be periods of slower and faster aggradation linked to flood activity and
sediment pulses).

Consider installation of a terrestrial laser scanner (TLS) on Mt Alfred to enable high
frequency DEMs of the area to be obtained*:.

Existing Stopbank Crest Levels

Use LIDAR data to establish a crest level profile for the primary right bank stopbank
upstream of the Rees Bridge and compare this to adjacent riverbed levels.

Use LIDAR data to establish a crest level profile for and the longitudinal extent of the
secondary stopbank upstream of the Rees Bridge and parallel with the Paradise Road.

Computational Hydraulic Modelling

Extend the existing 2D computational hydraulic model of Dart and Rees River System
upstream to the Rees at Invincible hydrometric station with new 2022 LiDAR data.
Carry out model simulations to establish a water level / discharge rating curve at the
bridge.

Use the model to identify flood breakout flow paths and potential avulsion pathways on
the right bank floodplain upstream of the Rees Bridge.

Use the model to investigate the establishment of preferential flood breakout flow path
along the left side of the active riverbed upstream of bridge (refer further to “Upstream
Floodplain Management Investigations” below).

Bridge Investigations

Relate water level / discharge rating data at bridge to estimated flood frequencies.
Establish current flood capacity of bridge waterway in terms of estimated flood
frequencies and allowing for adequate freeboard allowance for bridge soffit.

Determine the critical point in terms of acceptable capacity for the bridge waterway (a
trigger to signal a required change in adaptation response).

Assess the risk posed by pier and abutment scour to the bridge, including consideration
of pressure scour when flood flows are surcharged on the bridge deck, or overtopping
the bridge deck.

41 TLS surveys are routinely used in the mining industry. A terrestrial laser scanner can scan over about
a 6 km distance within the line of sight. The data captured could be analysed by contract or on an as
required basis. Acquisition of such a scanner is currently the subject of a research proposal (Professor
James Brasington, pers. comm.).
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o Undertake a structural stability assessment of the bridge including for floods surcharging
against bridge, and overtopping bridge.

o Determine design flood and freeboard values for either a raised bridge or a replacement
bridge (design freeboard value needs to account for future riverbed aggradation).

o Consider how continued access to Paradise, Kinloch and Routeburn Roads can be
maintained while the existing bridge is being raised (the existing bridge would provide
this access if a new bridge is constructed).

QLDC Business Case

Define the problem (refer to Section 6.1).

Establish who the stakeholders are.

Identify the information needed to inform the business case.

Start gathering the information needed to support the preparation of the business case.

Emergency Response Plan

e Develop an immediate response plan ready to implement in case the bridge is
temporarily damaged before the business case is developed and considered. This
would need to consider a range of damage scenarios*2.

o Develop an immediate response plan ready to implement in case a flood breakout and
channel avulsion event occurs along the right bank upstream of the bridge.

Upstream Floodplain Management Investigations

e Check land ownership details for vegetated land on left bank upstream of the Rees
Bridge which was previously part of the active riverbed.

¢ Undertake 2D computational hydraulic modelling using the latest LiDAR data to
investigate the viability of forming a controlled spillway / overland flow path across the
left bank floodplain.

¢ Investigate removal of low vegetation over a 250-300 m wide strip to form a 3 km long
controlled spillway / overland flow path across the left bank floodplain.

e Estimate costs of vegetation removal using information from similar previous work.

e Investigate revegetation of the right bank with willows as new edge protection.

Bridge Monitoring

o Use the extended 2D computational hydraulic model of the Rees River based on 2022
LIiDAR data to estimate a water level / discharge rating relationship at the Rees Bridge.

o Consider installation of a PIV camera system at the Rees Bridge to help track changes
in the water level / discharge rating relationship at the site over time and hence the
change in flood risk.

42 Typical damage scenarios would include scour of one of the abutments with flows partially outflanking
the bridge, slumping of the bridge deck due to the occurrence of pier and / or pressure scour, lateral
deformation and rotation of part of the bridge induced by flood surcharging and overtopping, and
deposition of fine sediment and woody debris material on the bridge deck due to overtopping.
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7.0 Summary and Conclusions

7.1 Introduction

The conclusions presented in this section are outcomes from the floodplain adaptation
workshop and should not be inferred to represent solely the views of the author of this report.

7.2 Glenorchy and Lower Rees River Floodplain

Due the perched nature of the Rees River and trend of it becoming more perched over time,
there are probably no viable options for engineering / river management to prevent flooding
from the river at Glenorchy or the occurrence of an avulsion event into the lagoon area.
Therefore, the focus should be on preparing to manage the impacts of this inevitable event and
/ or mitigating those impacts or delaying the event ocurrence.

In the immediate short term, this could involve:

¢ Flood warning improvements.

e Revision and communication of flood response procedures.

e Consideration of improvements to the existing stopbank (e.g. raising the crest profile,
improving the structural quality and integrity).

e Investigation of vegetation planting on the left bank of the Rees River where flood
breakouts into the lagoon area occur.

In the medium or longer term, other strategies could be considered:

e Building-scale interventions (e.g. raising floor levels of existing buildings).

e Planning responses (e.g. preventing further intensification, setting a revised minimum
floor leve)l

e Retreat of buildings in the highest-risk areas.

Planning for these possible medium and longer term strategies would need to start in the
immediate short term.

It needs to be emphasised that any upgrade of the existing stopbank will be a short-term
measure only. It should be communicated very clearly and carefully to the community that the
purpose of the stopbank improvements is to reduce the current flooding threat to the town from
the river.

ORC and QLDC will need to work together to:

¢ inform the community of new information on natural hazard risks;

e convey this information in an understandable way and why some flood mitigation options
are not viable;

o develop improved flood warning systems and updated flood response procedures;

e incorporate new flood hazard information into the planning framework; and

e compile critical information to support the investigation, planning and implementation of
any longer-term options.
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7.3 Kinloch Road and Dart River Floodplain

The Kinloch Road is closed relatively frequently due to inundation by floodwaters from the Dart
River overflowing the right bank or flood damage. The frequency of flood inundation has been
increasing over time due to ongoing bed aggradation and this trend is expected to continue in
the future.

The road is also threatened by bank erosion on the right bank. The current westerly migration
of the active channel belt along the right bank is expected to continue in the future due to the
transverse slope across the riverbed. Since the 1960’s, the long-term bank erosion rate has
been > 10m/year in places and could be up to 50 m/year if a series of consecutive large flood
events occurred.

The current reactive management approach for the road of localised raising of the road
formation and localised rock armouring of sections of the right bank are of limited benefit and
not sustainable in the longer term. In the case of rock protection works, it is also expensive.

The development of any business case for larger-scale interventions on the Kinloch Road will
not happen quickly due to competing higher-priority works in the QLDC area.. Therefore, there
is a need to develop a plan for interim / emergency measures for implementation whenever
road access is cut:

¢ Aninterim measure could be a temporary farm access track through Woodbine Station.
This would require negotiations and an agreement with the landowner. However, it
needs to be pursued with some urgency.

e An emergency access measure could be a barge / water taxi arrangement. However,
this would still need to be supported by a business case.

The only longer-term solutions to maintain road access which are viable would be either
relocation of the road within the floodplain or relocation of the road onto the western hillslopes.
The first relocation option would have significant land ownership issues. The second relocation
option has several constraints such as legal and land ownership issues, and increased
exposure to other hazards. It would also have higher costs and a longer lead time. Any
permanent road relocation with either option would need to be supported by a detailed business
case by QLDC.

7.4 Rees Bridge and Upstream Right bank Floodplain

Widespread aggradation upstream of the Rees Bridge has not only reduced the bridge
waterway capacity but created the potential for an avulsion event across the upstream right
bank floodplain. Riverbed levels along the right bank are now approaching the crest of the
primary stopbank in places and are higher than adjacent floodplain levels. This significantly
reduces the level of service of the primary stopbank. The main impact of an avulsion event
would be on road access to Paradise, Kinloch and the Routeburn Valley although it would also
affect farmland and a Fish and Game Lodge near the confluence of Diamond Creek.

It is not feasible to control or prevent an avulsion event from the Rees River upstream of the
bridge. However, work can be done now to manage the consequences of such an event. A
better understanding of potential avulsion flow paths across the right bank floodplain needs to
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be obtained with the aid of 2D computational hydraulic modelling based on updated LiDAR
topographic data. Planning controls need to be considered to ensure no future development or
intensification of development occurs within these potential avulsion pathways.

One river management intervention worth exploring to lower the risk of an avulsion event on the
right bank is to provide increased channel capacity with clearance of willows and other
vegetation on the left bank which historically was part of the active riverbed.

Further investigation and monitoring of the Rees Bridge is required including:

¢ hydraulic modelling to determine a current water level / discharge rating relationship at
the bridge and to understand flood patterns when the flood capacity of the bridge
waterway is exceeded,;

e establishing the current flood capacity of the bridge waterway and determining a critical
point in terms of adequate flood capacity;

e assessing the scour risk to the bridge;

e assessing the structural stability of the bridge;

e monitoring of floodwater levels at bridge; and

o tracking shifts in the water level / discharge rating relationship at the bridge due to
ongoing bed aggradation.

One urgent action than needs to be taken is to bolster the scour protection at the abutments of
the existing bridge.

An emergency response plan also needs to be developed as an immediate priority to implement
in case:

¢ the Rees Bridge is temporarily damaged; and / or
o aflood breakout and channel avulsion event occurs along the right bank upstream of the
bridge.

A business case needs to be developed for the longer term by QLDC to consider longer-term
options for the Rees Bridge. These options could include raising the existing bridge or
constructing a new bridge. Maintaining access to Paradise, Kinloch and the Routeburn Valley
during any construction works will be a significant consideration.
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Dart-Rees Floodplain Hazards Adaptation Workshop (Online, 23-24 February 2022)

Finalised Programme

Participants:  ORC: Jean-Luc Payan, Tim van Woerden, Michelle Mifflin, Pam Wilson, Scott Liddell,

Craig Hughes

QLDC: Ben Greenwood, Hugo De Cosse Brissac, Bill Nicoll, Mark Baker, Alison

Tomlinson

James Brasington (University of Canterbury)

Matt Gardner (Land River Sea Consulting)
Grant Webby (Damwatch Engineering)

Jamie MacKenzie (University of Otago — observer only)

Day / Time \ Session

Contributors

Day 1 - 23" February 2022

0830-0845 Welcome and Introduction

Jean-Luc to facilitate, all

0845-0945 Context - Part 1 (defining the problem)

- Overview

- Community setting

- QLDC and infrastructure overview
- Hazardscape review

Jean-Luc to facilitate
Tim

Tim

QLDC

Tim

0945-1000 Break for morning tea

1000-1130 Context — Part 2 (defining the problem)

Jean-Luc to facilitate

- Summary of natural hazard adaptation project Jean-Luc
- Geomorphic characteristics James
- Flood hazard assessment Matt

1130-1145 Break

1145-1230 Adaptation Pathways Approach / Objectives / Jean-Luc to facilitate

Principles
- Introduction to approach Tim
- Community engagement findings summary Tim

- Discussion of key questions to address

- Discussion of objectives for adaptation

- Workshop boundaries (what is excluded from
consideration)

- Discussion of principles for adaptation

- Discussion of what successful adaptation
approach looks like

- Discussion of assessment factors for
interventions

Jean-Luc to facilitate, all

1230-1330 Break for lunch

1330- 1530 Natural Hazard Challenge - Rees River and Glenorchy Jean-Luc to facilitate, all
flooding
- Summarise specific threats / hazards
- What specific adaptation interventions are
available?
- Assess each intervention against list of
evaluation factors (impacts, benefits, risks /
consequences of failure, durability over time,
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viability in longer term, regulatory / policy
constraints)

- Does intervention satisfy objectives for
adaptation?

- Can specific interventions be knitted together
to provide a long-term adaptation pathway?

1530-1545 Break for afternoon tea
1545-1645 Natural Hazard Challenge - Rees River and Glenorchy Jean-Luc to facilitate, all
flooding (continuation of previous session)
1645-1730 Wrap-up for Day 1 Jean-Luc
- Summarise key points & conclusions for Rees
River and Glenorchy flooding
- Programme for Day 2
Day 2 — 24th February 2022
0830-0835 Welcome to Day 2 Jean-Luc
0835-1000 Natural Hazard Challenge — Dart floodplain and Jean-Luc to facilitate, all
Kinloch Road
- Summarise specific threats / hazards
- What specific adaptation interventions are
available?
- Assess each intervention against list of
evaluation factors (impacts, benefits, risks /
consequences of failure, durability over time,
viability in longer term, regulatory / policy
constraints)
- Does intervention satisfy objectives for
adaptation?
- Can specific interventions be knitted together
to provide a long-term adaptation pathway?
1000-1015 Break for morning tea
1015-1115 Natural Hazard Challenge — Rees Bridge and Rees true | Jean-Luc to facilitate, all
right floodplain
- Summarise specific threats / hazards
- What specific adaptation interventions are
available?
- Assess each intervention against list of
evaluation factors (impacts, benefits, risks /
consequences of failure, durability over time,
viability in longer term, regulatory / policy
constraints)
- Does intervention satisfy objectives for
adaptation?
- Can specific interventions be knitted together
to provide a long-term adaptation pathway?
1115-1230 Workshop wrap-up Jean-Luc

- Summarise key points & conclusions for Dart
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floodplain & Kinloch Road
- Summarise key points & conclusions for Rees

Bridge
- Where to from here?
- Next steps
1230-1330 End/Lunch
1330-1430 Time for additional discussions if needed
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ORC - Head of Lake Wakatipu natural hazards adaptation programme

Briefing notes for Dart-Rees floodplain hazards adaptation workshop

1. Introduction and background
The Dart-Rees floodplains and delta at the head of Lake Wakatipu are subject to both flooding and
erosion hazards. These hazards impact on the township of Glenorchy, and the wider rural communities
of Kinloch and Greenstone through disruption of road access. ORC is utilising the Dynamic Adaptive
Planning Pathways approach recommended by MfE as a framework for hazards adaptation pathways
activities in this project area.

The proposed adaptation workshop is intended to be a first-pass review of all possible flood mitigation
and floodplain management options. This will help to identify and understand which of these
approaches may be feasible, environmentally acceptable and cost-effective, and to prioritise and
justify any next steps such as more detailed investigation.

2. Natural hazards challenges at the Dart-Rees
The key natural hazard issues relating to the Dart-Rees floodplains are noted in bullet points below,
and summarised in section 4 below.

e Dart floodplain and Kinloch road access — flooding of floodplain causing road closures, and
westwards erosion of active river channel towards roadway.

® Lower Rees floodplain and Glenorchy — flooding within Glenorchy township caused by high
flows in the Rees River, and/or high levels in Lake Wakatipu

® Rees bridge — aggradation impacting on bridge capacity

A key factor in understanding those natural hazards issues are the geomorphic processes of this
floodplain environment — this is a dynamic, multi-hazard environment, characterised by actively
aggrading riverbeds and a prograding delta shoreline.

3. Project scope and objectives
Preliminary notes on the project direction are summarised below, showing our thoughts on the key
questions, objectives and factors which will need to be considered.

Questions

e What does sustainable river management look like for the Dart-Rees and what does it offer?

e What does sustainable flood protection look like and what level of protection is realistically
achievable?

e What other complementary strategies are available to achieve natural hazard resilience (e.g.
planning controls)?

e Can we define principles for an ORC river management strategy in this location?

Project Objectives
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a) An understanding of viable, sustainable river management approaches, suitable for the
floodplain/river environment of the Dart-Rees area.

b) An estimation of how long, or under what conditions these approaches might remain
effective.

c) An understanding of key constraints/factors for river management interventions (costs,
environmental, cultural, feasibility, community acceptability etc).

d) How these approaches might fit within wider content of natural hazard management and
adaptation (e.g. planning responses, potential retreat)

e) Specific review of risks/benefits of all options identified by the community during engagement
activities.

Intervention assessment factors

e What is intervention trying to achieve?

e What are impacts?

e What are benefits?

e  What are risks?

e How much time will river management/engineered interventions provide?

e How viable are these river management/engineered interventions in the longer-term? —
especially given the environmental/hazard context (e.g. ongoing riverbed aggradation,
geomorphic consequences of an Alpine Fault earthquake, and climate change impacts on
hydrology and flooding).

Success factors

® Provides flood protection benefits

e Costs are acceptable/justified

e Health of the environment must be a key factor.

e Risk and benefits of alternative strategies/pathways communicated to other stakeholders

e Approaches are supported and acceptable to all of wider community (e.g. residents, DOC, Kai
Tahu).

4. Natural hazards overview
Rees River and Glenorchy

Glenorchy township is located at the head of Lake Wakatipu, the lower-lying locations of the
residential area are exposed to flooding and have been flooded on several occasions over the period
of settlement, most recently in December 1999 (Figure 7) and February 2020 (Figure 2, 3). The
township area has a complex hydrological setting, where flooding may be sourced from the Rees River,
Lake Wakatipu, or Buckler Burn, (or a combination of these sources).

In this dynamic environmental setting, the flood hazard for the Rees River floodplain and Glenorchy
township is continually being influenced and modified by changes to geomorphology! (e.g.

1 Brasington, 2020, 2021
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aggradation and erosion, delta progradation) and climate? (hydrological changes to rainfall and river
flow variables).

An existing floodbank, owned and managed by QLDC, at the northern margin of Glenorchy township
provides flood protection from low-moderate flood events. This structure may be overtopped by
larger events, as occurred in February 2020. Initial assessments of bank erosion and floodbank stability
by WSP3? (2020a,b) have identified several issues of concern, and the highest priority of these are
planned to be addressed by QLDC. ORC, on occasion, also carries out river management works in this
area such as localised gravel extraction or channel realignments, but recognises these provide only
limited and short-term benefits.

In December 2019 and April 2020, ORC has undertaken community engagement activities for natural
hazards adaptation with the local community®. These have been designed to present and discuss the
natural hazard issues of the area, and to initiate conversations regarding possible adaptation
approaches or interventions to manage these hazards. For management or mitigation of flood hazards
at Glenorchy, community members have raised a number of possible interventions for consideration,
including structural or river management approaches such as (Figure 1);

e Raising or modifying the existing Rees-Glenorchy floodbank structure

e Gravel extraction (e.g. to reduce aggradation rates)

e Channel realignments, such as diversion of Rees River flows into the Dart River.

e River control structures or plantings (e.g. groynes to mitigate channel erosion).

e Bunding or new floodbanks to reduce overland floodwater flows from the Rees River to the
Glenorchy lagoon.

e  Willow management or modification of Lagoon Creek to enhance drainage ability from lagoon.

A distinct but related Rees River issue has been ongoing concerns regarding aggradation of the river
bed at/near the road bridge structure. This would raise the flood stage at the bridge, reducing the
bridge’s hydraulic capacity and making it more vulnerable to floodwater or debris impacts.

Surveyed cross sections since the mid-1980’s have indicated a mean aggradation trend in these
reaches of the Rees, a finding which complements many anecdotal reports from the community. LiDAR
differencing analysis (e.g. Figure 5) does not currently extend as far upstream as the Rees bridge, but
analysis of a recently acquired new LiDAR survey (captured mid-August 2021) may help to understand
these aggradation patterns with more resolution.

Dart River and Kinloch access

The terrestrial access to the Kinloch, Greenstone and Caples areas is by way of the Kinloch Road.
Sections of this road are located on the Dart River floodplain, and access is typically disrupted through
flooding on multiple occasions each year (e.g. >10 times in 2019-20), and has been closed for periods
of up to about a week (Figures 9 and 10). Flooding impacts appear to have increased in frequency and
severity in recent years, attributed to both aggradation of the riverbed levels, and the main Dart river

2 NIWA, 2019
3 WSP, 2020 a, b
40RC, 2021
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channel being located nearer to the western side of the active riverbed and thus nearer to the
roadway.

The westwards migration of the Dart River over at least the last 50 years has brought the river’s active
channel near to the roadway in many locations (Figure 11), and is now directly threatening the road
margins in several sites (e.g. Figure 12). It is expected to become increasingly difficult to maintain road
access using the current approach of reactive management to localised issues as they arise — e.g. the
installation of rock armouring for erosion control.

Based on discussions with the local community, and within the ORC hazards team and project
consultants, a range of potential adaptation approaches have been identified to maintain access to
these areas (Figure 8).

1. Status quo (reactive repair): Localised erosion protection and road raising etc as required to
manage highest priority erosion hotspots or flooding issues.

2. Local realignment: Realignment of sections of road from areas threatened by erosion or most
highly flood-prone (but still remaining on floodplain).

3. Hard engineering: Installation of larger-scale erosion or flood protection structures.

4. Redesign: Relocation of erosion or flood-prone sections of road from floodplain to adjacent
hillslopes.

5. Alternative transport: Use of alternative transport modes (e.g. boat access).

Relevant technical reports®

Brasington J (2020) Statement of evidence of James Brasington on behalf of the Otago Regional
Council, 1 December 2020. In the matter of an application for resource consent RM191318 by
Blackthorn Lodge Glenorchy Ltd.

Brasington J (2021) Fluvial hazards at the top of the lake — living with rivers on the edge. Public
presentation for the Glenorchy community, 7 April 2021.

GeoSolve, 2016. Flood Protection — Kinloch Road / Dart River. Prepared for Queenstown Lakes District
Council, June 2016

ORC (2010) Natural hazards at Glenorchy. May 2010.
ORC (2020) Observations on February 2020 flood event. ORC file note dated February 2020
ORC (2021) Natural hazard adaptation in the head of Lake Wakatipu. Report to council, 27 May 2021

Tonkin + Taylor (2021) Head of Lake Wakatipu Natural Hazards Assessment. Prepared for Otago
Regional Council, March 2021

WSP (2020a) Glenorchy Floodbank Rees River. Memo prepared for Otago Regional Council, June 2020.

WSP (2020b) Glenorchy Rees floodbank: floodbank assessment. Prepared for Otago Regional Council,
September 2020.

5 Most of these references are already available online via the ORC website, but any others can be provided as
required.
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Figures

Figure 1: Overview of the lower Dart-Rees floodplain, showing the range of potential flood mitigation
options for the Rees River and Glenorchy township suggested by the local community.
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Figure 2: Flooding of the township in February 2020. In this event, floodwaters from the Rees River
filled the Glenorchy Lagoon to the crest level of the adjacent Glenorchy floodbank and then
overtopped to flow through the northwest margins of the township.

Floodwaters filled much of the Glenorchy recreation ground and golf course, before flowing along the
northern/northwestern margin of the township to enter Lake Wakatipu near the lower end of Mull
Street, with flooding of residential areas at the northern ends of Oban and Argyle Streets, and along
much of Butement Street. Following the flood, inspections also noted increased erosion impacts to
the section of the Glenorchy floodbank adjacent to the Rees River.

The key factors in this flood event are interpreted as; 1. the sustained, high flows in the Rees River,
with overland flows eastwards into the wetland area, and 2. the backwater effects of elevated lake
levels on flows in the lower Rees River, and on the drainage of the Glenorchy Lagoon. (Photo credit:
Luke Hunter)
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4 FEBRUARY 2020

Figure 3: A false colour composite image captured shortly following the Glenorchy flood event of 4"
February 2020. This shows surface water coloured grey, annotated to illustrate a series of overbank
flood pathways (arrowed) eastwards from the main Rees channel.

There have been several community suggestions for works (e.g. bunding/floodbanks) to reduce the
impact of floodwaters taking these flow paths. (Image provided by James Brasington)
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Figure 4: A relative elevation model of the Dart-Rees valley floor, comparing the valley floor elevations
to the adjacent average level of the river bed. This clearly shows the section of Rees River
superelevated above the valley floor, and posing a potential threat of an avulsion event. (Analysis and
image by James Brasington)
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Figure 5: Map of bed level changes on the Rees River from 2011 and 2019. This shows a dominantly
aggradational river system, with sedimentation (blue) outweighing erosion (red) for all reaches in the
lower Rees. (Analysis and image by James Brasington)
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Figure 6: Vertical aerial photograph of Glenorchy township during the January 1994 flood event.
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Figure 7: Vertical aerial photograph of the lower Dart-Rees floodplain and delta, and Glenorchy
township during the November 1999 flood event.
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Figures: Dart floodplain and Kinloch access

Figure 8: Overview of the lower Dart floodplain, showing the range of potential flood or erosion
mitigation options which may be considered in order to maintain Kinloch access. These possible
options based on suggestions provided by community.
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Figure 9: Flooding of the lower Dart floodplain in a moderate 2019 flood event. This shows the Kinloch
Road closed due to flooding of sections between Glacier Burn and Turner Creek.
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Figure 10: Flooding of the lower Dart floodplain in the March 2019 flood event where the Dart River
peaked at ~1800 cumecs. Upper photo shows the road near the delta closed due to the combination
of river flooding and high lake levels. Lower photo is looking up-valley and shows flooding between
Glacier Burn and Turner Creek.
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Figure 11: Comparison of aerial imagery for the lower Dart floodplain in 1966 (left) and 2019 (right).
Annotation shows the river bank positions in 1966 (red), 2006 (blue) and 2019 (black), illustrating the
dominant westwards migration of the active Dart River bed during this time period.
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Figure 12: Aerial views (October 2020) of the Dart floodplain between Turner Creek and Kowhai Creek
confluences (upper left) and between Glacier Burn and the Dart delta (lower left). Right-hand images
show detail of erosion at these locations, taken February 2020 (upper right) and November 2020

(lower right).

119



Safety and Resilience Committee 10 May 2023 - MATTERS FOR CONSIDERATION

Otago Regional Council
Dart-Rees Floodplain Adaptation - Report on 23-24 February 2022 Workshop 15/11/2022

Appendix B
ORC Presentation

E2165

120



Safety and Resilience Committee 10 May 2023 - MATTERS FOR CONSIDERATION

Otago Regional Council
Dart-Rees Floodplain Adaptation - Report on 23-24 February 2022 Workshop 15/11/2022

E2165

121



10 May 2023 - MATTERS FOR CONSIDERATION

Safety and Resilience Committee

ONILL3S
TVLINIWNOYIANT

ulw gg — 219 sa|diound uoneidepe uo UOISSNISIP — IV

ulw QT — uawabebua Ayunwwod pue onul skemyred uoneidepy — Wi«
ujw GT - 109foid uoneldepy 11OH Jo Arewwns — anTJ-uear

suonsanb snid uiw Qg - NeN .

suonsanb snid uiw Qg — sawer

uiw Oz — adeosprezey —wil e

ulw og - 0410 .

uiw QT ANUNWWOD pue MBIAISAO — WL o

alay a|npayos paydwis ppe o1 J-¢

FNNVYHOOdd dOHSHIOM

(1an18s0) B1ZUBM IR Blwer
Jsupies ne
uojbuiselg sawep

Aggam el
UOSUIWOL UOSIY

1aed e

1I03IN [I'g

oesslig 9ss0D aq obnH
poomuaal uag

1I9pPpIT 1o2S

uos|im wed

UIIBIAL SIIBYDIN
UBPIBO/ UBA Wi
(1oyeyjioed) ueked ani-uesr

obelQ Jo Ausianiun
Buninsuod eas JaAly pue
Ainquaiued Jo Ausianiun

Buusauibug yoremweq

2010

Buusauibuz D40

spiezeH [elnieN D40

SNOILONAOYLNI pue JNODTIM

HJ1LVMIVA p

zeoz/eo/ot

220z Areniqad vz-€2

doys)yiom sayoseoidde

uonebniw piezey uiejdpooil
NOILVLdVAVY SQUVZVH TVINLYN NdILVIVM 3NV 40 AVIH

122




10 May 2023 - MATTERS FOR CONSIDERATION

Safety and Resilience Committee

819y JUdU02 01UI DATO

9102 "Hodal BuoISIA AUNWWod ALdIoUBID
7002 ‘ueid ANUNWWoD 83e au) JO peaH — ALI0USID
:s90UBIB)0Y

JuBWIUOIIAUS 8y} 108dsal pue

eale ay} Jo juawdo|anap

Buiprefal Bupjew uoISIoapP Ul PAAJOAUL 8F 0} AJUNWIWOD dY|

Jeuonouny

se ||am se a|qeidadde Ajfensia aq o} Jredal pue juswabeuew poojd e
pue joedw| MO| 8¢ 0} SBNIADY
paurelal aq 0} adeaspue|
ay} Jo Alfenb pue A1auaos ‘ssaulap|im auy) - ease 8y Jo ssauanbiun ayl .
ISJUSWSTE]S SBWO0IINO pue UOISIA AUNWWOD Palos|es

.’SsauJap|im pue abelllay ‘adeaspue| Jejnoeloads ayl Jo uondeIaUl
SlWweuAp ay) pue JuswuoliAuS [einJ Jjlodsun ‘|njaaead au) yum Jayabol
panfea Alybly a1e wopaauy, pue a|A1Sajl| 818Ym ANUNWIWOD JURIGIA Y,

ONILLIS ALINNWINOD

8102 ‘P11 AN

snsuaD ZN
:$90UBIBJOY

(kep

ozr't 000'T abelane) SI0NSIA
0S¢ 0ge sasnoy [ejoL
oSt 06€ Ssjuapisay

SIO)SIA pue sasnoy
‘syuapisal ul diysumol Ayaious|o
10} ymolb fenuue pajosfoid

0S¥ :8T0C
0/¢ ‘T00C
(eare Ayoioua|D 19pim 1o}
erep snsuad) uoirendod Juapisay

S086T~
2ouls yimoub uoneindod pidey

ONILLIS ALINNNWINOD

9707 M0da1 BUIOISA AIUNWLIOD AUDIOUBIS
100z ‘Ued AUnLWo axe 31 J0 PeaH — AYoIouaID
:s90U130

a8y abew| MaIABAO

zeoz/eo/ot

‘(p1noo-aud)
SIONSIA 1SN0} A|1ep 000T< JO edd

Buiwire) ‘wsuNo) — sassaulisng urejy
eunApn

‘A3|leA saay ‘auoisuaal) ‘ssipered
‘yaoJuIy — JUBWNLS [N 0S|y
‘diysumoy Ayaious|9 uo panuad

006 Inoge jo uonendod fejol

ONILLIS ALINNWINOD

123




10 May 2023 - MATTERS FOR CONSIDERATION

Safety and Resilience Committee

Juaissasse spiezey [eanjeu ndnexeAn aXe Jo pesH ‘TZ0Z ‘L+1

Ayoiousyo 1e sprezey [einieN ‘0TOZ ‘O¥O

:s30UB120

Twreunsy aye |
Buipooys axe
Buipooyy sugap
/Buipooly
Buipeaids [esare
uonaejanbi]
Buneys ayenbyireg
uoisosa pue sweans A
T Buipooly Buipoojymoly
e SH4ap *Bulpoo abueyo ayewi|y o
sabueyd oydiowoss
smoly sugap . "
Jbuipispue ‘adeospuezey oneis-uou /olwreuAg
swreans Areingus wosy SCIIEERS SRz
Buipoojymols Buipeoses oy fenualod ybiH
s11gap ‘BuIpoojy

sjoedwi prezey
|einyeu renuajod jo abues sapipm
3dVOSAdVZVH

(zu'minyeyeBu) aysqam nuey 16N o ebueuny oL

(Sejie/zu'00 nuUBINNINUEY) SEY NUB NINH B3 NYeL. 12BN

100l01d Sprezey [einteu Saay-Ueq YUSWAIeIS SanfeA [eIninD “TZ0Z "ByBNY

Sa0UBIRJBY

(1B 112y

‘Buipu asioy NeAey ‘1or JaAry Leq) Ayoious|o ul paseq SassauIsng WsLNo) nyel 1ebN [eianas e
‘(uIngaNoy ‘auoisusaln
‘feg uy|3) siuswamas Aeal jo Led se nyel rebN 0] pauinial suonels Anunod ybiy xg

(weansdisareq) exoloy aL
‘(me|sures JUNOW) IyereseIdiid  «
:(saunyesy adeaspue| Jusuiwoid uo sanfea nyeL ey jo uoniubodal) undo) se pajeubisap Sals om]

(nweunod ‘rey ebuiyew "6 8) sadInosal feuonipel] o
SIN0J [9ARI) [eUONIPRIL o
JUBWBNSS pue asn pealdsapIm o

“eyfeuns nynyuniA pue ofelo yiog o3 ‘sanfea [einynd ybiy AIsp

Jenuaym
euBW 0} JuedljIubIS Ajl@Suawwi eale ay) axew |[e asayl (S|ies/saInod [9A.I) [euonipe.l) ouyme)
eJle pue nweunod ‘(saxe| puejul yeaih) ojol eundny ‘(siaAl) eme Buimoyy abie| ‘(surelunow) exnew
[ensasue ay) wouy ‘adedspue| ay) 19A09 (Sainseal)) Bxoe) nyel ey ‘Aepol nyeL ey 10} dn[eA awes

3yl spjoy yaiym jo abpajmous| ayl ‘saLIoIsiy NyeL ey Jo suoielsusab spjoy Loey-rem-ndiresey,

SANTVA IMI

noybnoiyl DOQa o1 sarepdn Buipinoid usaq aney DHO

020z U1 uoobe|

Je 92ueIea|d MO||IM 10} DOA YIM pareloqe||0d DHO
‘uoobe Ayalous|o pue saay

JaMo| ul puepam Juedyiubis pue eare uoleAlasuod DOd

seale pueiam Jued

Bis-Ajreuoibal, DHO X§
seare
UOIIBAIaSU0I/SaAISSa) pafieurw-D0Q JO Seale aAISuaIx3g

's98y
-ueq ‘sejded-suolsuaalo) — s1syjo Auew pue (8T0z ul
SI9X[em 000'ST~ MeM JealD ZN B) uingainoy 0} Ssaooy

ealy abejusH
PHOM pue[eaz MaN IS YINos — nwreunodiyen
LA 3l pue led [euoneN Buuidsy Junojy 0} Aemayes
Suundsy Junopy: -

zeoz/eo/ot

NOILVAYISNOD

(zu'minyeyebu) aysqam nuey 1e6N o ebueuny oL
(Sejie/zu'00 nNUBINNINUEY) SERY NUEI NINH B3 NYEL 12BN
108l01d Sprezey [einteu saay-Ueq USWaelS SanfeA [eIninD “TZ0Z "Byeny
:s30UB1240Y
eyereyneueymeseys o
eyeleseyewnepy .
Jayem Jo sa1poq |[e Jo Buiaqjiem sy} Buioueyus pue Bunosiold - BIO e\ pue LIOBA Tep\ o
e BjlyeN
eyeleeuely o
suonesauah
a1y 1oy ay1| Jo Alifenb pasueyus ue apiroid oy Aljigisuodsal ‘ diysuelprend, - exenseney| o
[e9S 8y} 0] SUIRIUNOIA BY} WOy, - Te] DieIN 1M o
ededexeyp
LUNey o
BUBIN o
sanfeA [ein}nd
sen[eA [ein)nd
pue suoneIo0sse enuaym euely BuisLrewiwns juswalels sanfea [einynd e pasedaid sey eyeyny
108(0ud siyy InoybBnouyy (ewerey oy a1 ‘eyexny) im| 0} sajepdn Buipinoid usag aney DHO
SANTVA IMI
‘oBelQ - ABarens uswabeuely UONBAIBSUOD 9T0Z ‘00d
ueyd JuawaBeuew sed feuoneN Buuidsy WNOW TT0Z ‘00d
s90UBIRNY
109oud siyy

124




10 May 2023 - MATTERS FOR CONSIDERATION

Safety and Resilience Committee

9T
pue|uue) 0] 10edwi pooj4 -
asipeled 0} SSadJe peoy
yueqpooy) 03 aAlreal uoirepelfibe — prezey Buipooy) buisealou|
abpliqg jo wealsdn urejdpooyy 1ybli aniy seay
¢Anoedeos Buionpal abpuq 1e uonepeibbe seay o
abplg seay ¢
19AIY M JO UOISOID SPIeMISaM Panuiuo) e
uonepelbibe pagiaall yim peol o} piezey Buipooj} pasealou| e
SS900B Yoo|uIy ‘2
sabueyo ajew|) .
plezey UOISINAY  »
»ueqgpooyy/sbuljipmp
0] aAne|al uonepelbbe — prezey Buipooyy Buiseasou] o
plezey Buipooy} Janry saay diysumol Ayalous| T
NOILVOILIN AYVZVYH NV 1ddO00 14 404 S3NSSI SAYVZVH NIVIN
1

| ]

[

Juswssasse sprezey [einyeu ndiexem ae Jo peaH TZ0zZ ‘L+L
Ayoiouao 1e sprezey [einieN "0T0Z ‘D40
:S90URIRJ0Y

ayenbyyes Jofew e jo saauanbasuod oydiowoah ‘Ha
‘sdiysuoire|as sprezey pale|al-1aul pue xajdwod

splezeH Buipeased
AdVOSAYVZVYH

AUoI0UBID) 10} SPIEZEH POO| 10 SisAleuY “TZ0Z (USSYOW) DHO
uoiBay oBeIO 8y} oy suonoaloid aBueyd BreWID ‘6TOZ ‘VMIN
seousiajey
(eseaioul 950Z~) MO}
siead $29WNI 006 (0LBUIS §'8dDY
Moy ead soaWnd Ogi'z :erewld Jusny .
poO|} dIV %T ‘19Al] 1ed
(S|9N3] d¥e| UBBN o
(¢sorel
uonepelfbbe pue) Lodsuen JuswIpas e
sapnjubew pooj4
SJUBAD [[ejulel Brel BWaNXT .
llejures [enuue uesyy o
Ul sasealou| pajoafold
AONVHO FLVNITO
(6T0Z VMIN) 0LURIS §'8dDY Ul AImuad
-pua Joj 0BeIQ SS0IJE POO|d fenuuy Ueajy
1O UBIPAW [3POW-NINW Ul S3BUeyd WBdIad
T
Te]
N
—

awWssasse sprezey [einjeu ndiexe axe Jo peaH ‘TZ0Z ‘L+L
Ayoioua|o 1e spIezey [einieN 0TOZ ‘0HO
:s90UBlBJRY

1urRUNS) Sye|
“Buipooy jena) el

spaezey e

Bupeaids fesor| 3
uonoejenby ‘Bupfeys
spiezey owsios

UONRIBILIUOISINE [PULRYD
poo) Sfeaiquiep apispue)
‘pooyy sugap ‘Buipooy
spIezey uej [eiAn|ly

abueyo syew|y o

(Uotsimne) pooy Yeaigino sabueyd oydiowoas
“Buipooy) saay .

spiezey poojy ‘adeospirezey aneis-uou Olweuiq

SOLIBUSIS Splezey
Buipeoses Joy fenuarod ybiH

sjoedwi prezey
leanjeu renuajod jo abues apipn

Ayalous|n
3dVOSAdVZVH

zeoz/eo/ot




10 May 2023 - MATTERS FOR CONSIDERATION

Safety and Resilience Committee

Ayoioua|o
ul Buipooyy 0z0z Areniga- uo saloN “0Z0Z ‘8lou 8l DHO
RO

020z Areniged

pooj4 Aeq adey, ayi - ¥66T Arenuer

exRURM pUR
ndiiexem sexe Jo sanuNWWoo auy 1oj ABarens swabeuew
>si1 pooyj e — Buipooy yum a0} Buiiiea ‘900z ‘0a1D-0HO
:saouasaley

666T 18qUWIAON

vioda1 Ureidpooy 1011SIQ SaYeT UMOISUBaND 66T ‘DO
10LISIQ SBYETT UMOISUBIND JO SPOO)) UMOUY ‘EB6T ‘OO
REERIEIETEN]

(#26T) Jorem Jo 193ys
auo sI Anunod ays jo ured sy yoeal
ued 94a ay) Se Je} Sy "palj|y JUNO Jo
1004 8y Je dn sajiw awos pabiaAuod
Buiney '+ saay pue ueq ayl,

zeoz/eo/ot

154926 Aeniga: 52 039 1SS! ‘SsauIM 0BI0 (256T) Auaui0}

QAILVAYM @NMVI 40 aGVIN AHOUONTTO IV dOOTL Buibel suo swWo28q pue s32104 pauiof
aney SIBAY Leq pue saay ayl,

8L6T -
Keme paysem abpliq seay [euiblio — ZG6T
GC, ® VC6T

w9 ZTE paydeal ndiedep exe] —8/8T -
S}UdA® P00} 3|qeIoN

" ONIAOO1d 40 AHOLSIH ONO1V

126



10 May 2023 - MATTERS FOR CONSIDERATION

Safety and Resilience Committee

174

'S0z 0ZNY 1SSU0D T

(Ajrenuue
sW Y0zZ-0T Bunoenxs Ajrensn «
abpuq e uonoenxe
|onelb 1o} Juasuod pjoy Da1d

Aioedes
Moy 10edwi ybiw uonepelbbe
moy jo Buljjepow Aue 19A 10N o

¢8bpuq 1e sjans)
paq JaAu jo Buuoluow renfal oN
¢9bpuq jo Aioedes moj sileym o
‘umouy ||am Jou plezey [enuajod Ing

abpuq 1e Aoeded mojy usyeaiy |jim
uonepeifife panunuod Jey) sisquisw
Aunwwod pue 9g10 Aq suiadu0D

390149 s33d

€¢

[44

[eAOWBI MOJJIM o
Bunueid mojip o
Buiouay sugag .
Buipung/Bujueqpool4
Buunowue %00y
UO[ONJISUOD BUADID) o
suawubifeal |puueyd e
UO[1OBIIXS [9ABID)

20710 ® OHO Ag

S3ILIAILOV LINIWIOVNVIN d3AIY

“JUBLUSSASSE SAPOW aIN|ie) 8IN1ANAS YUBGPOO|) AY2I0US|D-S88Y ‘TZ0Z ‘L+L
0z0z oAU 1D 0202 dSM
0202 ANt owa Jany Sy yueqpool) AYIoua]D 0202 ‘dSM
SRR

untpy~ 4o Yibua| ‘¥8ET Ul PajONAISU0D o

(abpuq jo s/n Wbl ann) yueqpooy) sasy

(¢2a10 wouy ayepdn) 8duanpuod %810 Jeau siredal yueqpooy TZ0z
T202-020Z Ul A}ljIgeIS 8INJoNulS JO S)USWISSISSE [e1aNdS o

WOOYT~ J0 Yibua| ‘000z Ul PaKONIISU0D  «

Jueqpool) Aysious|9-seay

S3ION343d AOO 14 J3AIY S33H

T¢

zeoz/eo/ot

2202-6T0¢ ure|dpoojy 1rea

127




10 May 2023 - MATTERS FOR CONSIDERATION

Safety and Resilience Committee

8¢

¥ % € SUOISSaS Sluawssasse
1uswabebuz Su/pIezey [UORIPPY  »
\ (219

suondo uoneidepe Hauagse0 AilqIseal)

suondo pauayeid
jo uonebisanul JByUNg
\ Buruue|d uonejuswe|dwy

a|qissod mainay

2% T suoissas
juawabebugy

A

S1UBLUSSASSE NS

prezey [einyeN
ABarens Jo smaInay  «

suolyebnsanul sprezey (sesuodsai Buiuued
[eanjeu euonippy / 10b6unssuibus ‘63)
/7 EIED)
' pue uopeluswa|dw|

suonebnsanul sprezey
leinyeu ‘uone|idwod
uonew.ojul
pue eep ‘Buuueld .
Buruueld 193(oid

g

sauljpwi 108loid
103r0oydd NOILvLldvavy

zeoe/eo/ot

LT
ndiexe axe Jo peay ay) ul uoieldepe spiezey [eineN “TZ0Z ‘0H0
‘s0uBIa}0Y
Aberens
uoneldepe yeip pue skemyyed uoneidepe [eniul jo uswdoanag e
Juswabebus AunwWwod panunuod o
suonuanialul pue sayoeoidde uoneidepe [enusiod JO JUSWSSISSY o
:sdajs 108(oud 1xaN
suoissas juawabebus [eniul pue sdiysuone|as Aunwwo)
suoneBisaAul sprezey [edluyds)
sdiysuonreal Jauned 109foid dojanag
Buiuue|d 108fo1d
:21ep 01 sdais 108(oid Aoy
Aunwwod [eao)
ay) pue ‘sisuped 10aloid yym uoeloge||0d Ul ‘eale SIy} ul sjealy) plezey
leanyeu ay) Buiprebas Bupew-uoisioap 1o} ssadoid e dojansp 01 Buiwiy
eale ay} Joy ABarens uoneidepe
spJezey [einjeu e ayeald 0} yoeoidde skemyred uoneydepy ayi buisn
NOILVLdVYAV SA4dVZVH TVdNLYN IMVT3IHL 40 avaH
Y4

128

¢Aoeded

moj} 10edwi ybiw uonepelbibe
moy jo Buijjspow Aue 19K 10N «
¢MUBgPOO}} 4O SOT SI1BUM  »
‘umouy
JIam Jou prezey [epualod Ing

puejw.ey pue peol 0} sjedwl
poo|} pasealoul 10§ [enualod e
S|oAa| uondeloid ueqpoojy
2onpal ||Im uopepelfibe panunuod
Jey) syuapisal Aq suiaduod

MNVAAoOo1d s33d




10 May 2023 - MATTERS FOR CONSIDERATION

Safety and Resilience Committee

[43
“JUSWLIaN0B [290] 10§ SOUEPING :2BUEYD ; 919y 1UdlUO0D OJIUl JIeN ‘SBwer
AewWIID pue SprezeH [e1seod “(LT0Z UdWUONAUT By} 10} ASILIN
‘seoualejy
abueyd wial-Buoj 0y
asuodsal ul Buppew-uoisioap pue Buiuue|d uoneldepe
Buijgeus Joj slomawel) [eanAjeue pue jenydaduod e .
sAemyred uoireidepe
se umouy| 1daouod e s| awi Jano suopeydepe Bupuanbag
(uoneidepe [euoiewlojsuel 'l
ubisap-a1 pue sabueyd [euswepun) o
(uoneldepe [eyuawaloul “*a'l) SWaIsAs
saonoeld Bunsixa 01 sabueyd |jews pue syeam s
" |rejus pjnod uoneidepy
LSUOIIPUOD [BIUBLUOIIAUS
ul sabueyd pajoadxa pue [enjoe 0} isnlpe pue
aredionue o0y ABajenis asuodsal e, :uoneldepy
HOVOYdddVY SAVMHLVYd NOILV1dvaV 3HL
(013 6¢
(108loid yoreasal gyd 1o} Loddns DHO) IweuNs) e
spJezey uej [eIAN|[e uing 1apyong
(diysumoy Ayaious|9)
uolreBisanul Ajigndaasns Buipealds [esare| pue uonoejanbi] .
¢Mou suaddey (Ayaious|
Teym pue ‘s ool skemyred uoneidepe syl op 1leYM ¥ ‘s9ay-1eQ) JUBWSSasSe piezey pooly pue Buljspow dinelpAH
¢suondo uoneidepe sy sjebireu sm ueo MoH '€ (ndirexen axeT ‘s1anry seay ® Leq) sisAjeue Aouanbai) poo|4
Sjuawssasse
(T20z 1ndv) 6 d 5 6 d
£0p M 1yBIL TeyM pue ‘ainny sy i uaddey pNod TeUM ‘2 3 abueyd orydiowosh pue AGojoydiow JoAry seay-lleq
oa—— (2202-T202) Ssaiboid ul uonewoyul
Y T ST e ) [ sy OB e Sy, \/ sprezey [einjeu AYoIoua|9 pue saay-1ed JO UOISIASI [enuelsans  «
SRR NEMEEND sy NOILV.LdVAY SA¥VZYH TvHNLYN 3Xv13HL 40 avaH
INIFWNIOVONT ALINNWNOD

zeoz/eo/ot

129



10 May 2023 - MATTERS FOR CONSIDERATION

Safety and Resilience Committee

Alddns 1a1em ‘joremaisem sabueyo me| [euonnsul
‘|01u0d poojs 68 ‘S0 Ul uononpay uoneidepe JuawuiaAoh [enusd /eouBRUIBA0D)
renqey

uelredu /sisquinu plig/saysrew
/SPUBISM JO SSO| 96X

[eIUSWUOIIAUT

150] 10 pajwi| ey ebulyew 0) Ssa20y

payepunui Alreinbal
ale 10 pajepunul aq 0} uibaq
(ednun *6°a) sayis 1o ebuoe]

[eanyno

andas
0}3|no1yIp sabebuow sjueg

syiom uonosjoud
1o} ed X$ Pasoxe s1s0d aoueUBIUERN

@oueINSUI plIng
MBU OU IO UMBIPYNM SOUBINSU]

21Wou093 /[eIdueUlS

0} piojje Jouued
9sN2aq SA0L JOUUE 10 1N0 BulAow

wels ajdoad ‘pausiealy si AuUnwWwod Buiagiem

J19buo| ou s1 8A93IqO [e); 10 asuas B9 ‘ainsesw aoueIs|0L 10 Aj@Ixue /uladuod Jo ainses|y [e100s
(sawn X Joy 10) [oA8] paaibe (uaixe (sasso|
wnwiuiw e mojaq dip aimonnsesjul “Joedwipist aulap) pooly painsul

10 Ajnn e 4oy 991AISS JO S|aAeT olydonseles ixau ay| | Io) abewep Nx$< Buisnes Juang As1y
S/gWl X sayoeal sjesse asn pue| 1o aInjanuiselyul Jaylo 1o ‘(s)asnoy

pooj4 [enuuy uesi JeaA-0z ayL | uonosioid poojy dopano Spooj) X JalY | JO W X UIYHM 0} S8P0IS JURqIBAIY SplezeH

s1ab611] uoneidepy jo sajdwexy
NOILVY1ldvayv

S€

asll [oA9 pag
Jauueyd

J9Al JO UoneIBIW SPIeMISIAN o

8Q pN02 $s8998 Y0|uIy| o} ‘Ba

(swn

suoIPUOS BuBUEY jou) suonipuod Buibueyo si sixe-x

Jodsuen aAneUIRYY 'S peoJ
= E WwioJj [dUURYD SANJR JO dOUBISI] o
4 o €001 € syiom Jredas Jo anfen$ o

5] SaInso[o peol Jo Aousnbal

abueyo

< Buzaubus preH 2 104 s1ab611y/sfeubis a|qissod
[4 I1eda1 onoeay 1

(919 sreoq areaud — a|qissod ssa29e
Jewuojul 90y-pe Ajuo 10) Yyaojury
0] SS992® JO SSO| SI p|oysalyL

ploysaiyL

ss999€ Yoojury :skemyred uoneidepy [enidasuo)d

143

€€

Wawuianob [ev0] Joj soueping :abueyd
pue SpiezeH [e1seoD (LT0Z ‘UaWuoIAUT au) Joj Ans|
:s90UB13J9Y

s[aA8| paq uesw pue uonepelbbe ‘suonesojuonelbiw jpuuey) 69
‘ue|d aandepe ay) Buimainal pue Buibebus-ai Lels

0] paau Jo uonealpul Alres Buipinoid sioreoipul :sjeubis

¢Suapisal 1oy \ﬂr:mtwuc_iwmm:m__u ,wvtO>> Jredal joanea

$ ‘suondnusip ssaooe Jo Aluanes/Aouanbaly ‘sjuane pooyy ssiw-resN ‘69
‘ploysaiy L uoneydepy ue Buiyoeal jo syoedw

ay plone 03 palinbai si Aeemyred Jo ueld aaneussie

ue jo uonrejuawsa|dwi uaym ‘uiod uoisioap e :siabb)

£Ud0jury| 0] $$899¢€ Jo SSOo| a18|dwos/uappns

‘sasnoy Ayaloua|o jo Buipooyy pareadasjoiydonsere) ‘6o
(,uaddey o3 Juem jou op ajdoad yeym,

10) 19W 1abuo| ou aie 9JIAISS JO S|9A3| 1o SaANd3IGo
pue a|geidaddorun awodaq PINOM SUOIPUOd Buinjons
Jo abuel e yoym e uiod ayy :pjoysaiyl uoneidepy

¢SeAn9alqo 198w Jabuoj ou (uonenys Bunsixe ayl 1oy 10)
ueld ay} ul uondo 10 uonde By} SBOP SUOKHIPUOD JeyM Japun

spjoysalyl pue siabbii) ‘speubis
SAVMHLVYd NOILV1ldvavy

wJa) JoBUO| pue ‘Wid) WNIPaW ‘Wid) MoYs
pasinbai aq [j1m suondo asay} Jo SsuoeuIgWoD

*(Buiuueld uoneydepe aanoeoid 10 dnRWAISAS

ou) uondo ue osfe si Buiylou op, Ing
salbajens aouepIony

10 ‘Jealn)ay ‘199101d ‘9repowwoddy .
suondo
uoneldepe prezey [einyeu jo sBuidno.b ino4
SIHOVOAddY
NOILV1dVaV SAY4VZVH TVdNLVYN

zeoz/eo/ot

130




10 May 2023 - MATTERS FOR CONSIDERATION

Safety and Resilience Committee

ov

(ssa29® 180() LOdSuel) BANRUIB)Y

(¢sadoys|iy 01 urejdpooyy wouy uoyesoal) ubisapay o
sjuawubieas peos [e20] o

sainonJs Bulaaulbua pieH e

(Jredas aanoeal,) onb snjeis o

SUOISSNISIP DYO Ul % Alunwwod Aq paisabbns
suonuanIaul pasaaulbus 1o Juswabeuew J1aAl [enualod

SS900€ 20Ul pue ure|dpooj} 1eq
ININIDOVONT ALINNINNOD

6€

1wana Wawabebus Ayunwwod
Ayoioua| TZ0z dy 8 WOy S3l0u Jo SisAleue onewayl “TZ0Z ‘VMIN
:s90UBI3J9Y

8¢

wane wawabebua Aunwwod
Ayo10ua|9 TZ0Z udy 48 WOJ S8lou Jo Sisjeue newalL “TZ0Z "YMIN
seouaIBleY

abpuqg yreausapun
woly [oAeIB 19e.X8 10 ‘9bplq S99y Ayl asiey .

(Bunjuegpooyy/Buipung) seey
J3MO| Woly uooBe| SpIeMO) SMO J9AL JUBABId o
(sbunueid xe/mo|im ‘saukoib) |0JUOD UOISOIT  «
sueqpooly AYaious| ayy asiey  «

S99y UaAIp
‘sjuawubieal [UUBYD ISAL ‘UONJBIIXS [9ARID
uoofe| Je SMO|[IM |[0AU0D o
uMO} aU} Ul S|aA9| pue| astes Jo sBulpjing asrey .

slaquaw Anunwwod Agq palsahibns suonuaiaiul
paiaauibua 1o Juswabeuew JBAL [enuslod

spiezey poojy AYolous| pue IBAY Sa9y
ININIDVONT ALINNINNOD

zeoz/eo/ot

131



10 May 2023 - MATTERS FOR CONSIDERATION

Safety and Resilience Committee

4%

‘ainny ayy ui uoneidepe

ey suoisioap Juawdojanap pue uoneidepe o} anp suondo ul Bupjoo| Buipiony
‘uoneldepeuawieal; ysu 01 ydoeoidde siaifial-ou uans Jo siaibal-mo| e Bunje|
3SH [enpisal Jo Juawieal) pue uoniuboday

‘uswabeuew anndepe Buunsug

‘yoeoisdde Areuonnedsaid e Bundopy

J18y19601 ylom 01 (Im] “D0a ‘Da1d ‘DH0O) siauned 108loid Ag Juswnwwos v

Jayuny

JIWOU0J3/[eanijod

diysiaumo pue Juswan|oAul Aunwiwod

S10}0®} [€IN)|NJ/[EIUSWUOIIAUS

OS[e ‘saleIdyaua( 19a1Ip pue AJUNWWod ay} ‘|1ounod o) a|qeldasde pue s|qepioyy
SaA23[Co ANUNWWOD 18410 YIIM Ul SHIOM ‘Aunwiiod 1oj syauad a)qissod 1SapIA

181005

sanfeA

Auawe jeluawuoliAua 0} onayredwAs ase pue ‘uoidaloid Jo S|aAd| pue swiio} ajeldoiddy
$95s920.d JaAL [eanyeu ay) yim Buryiom

quawabeuew ysu urejdpooyy 01 yoeoidde aibarens pue paresbajl ‘sjqeurelsns wisl-buo| v
sassa20.d pue swalsAs [eanteu BuiApiepun sy) pueisiapun 0} paau ayj Jo uoniubooey

S95500010/WaISAS [eInleN
NOILV1dvaV 404 S3TdIONIdd

1374

[4%4

£uoneso|
siyy ur ABarens yuawabeuew JaAl DHO ue 10} sajdipuud auyap am ued

¢(sjonuoo Buuueld ‘6a) asus

21 prezey

[ednjeu aAaIyde 0] 9|qe|reAe ale salbaless Arejuswa|dwod JaYlo Jeyp o

£a|qenaiye Ajfeansifeal si uonoajoid
JO [9A3] TeUM pue 831 %00| uondaloid pooj} S|geureIsns Saop ey o

£19140 11 S20p Yeym pue urejdpooj}
s9ay-1eq auy} 1o} 81| 400| Juawalieuew IaAl S|qeurelsns saop ey s

NIV1ddOoOTd
S33Y-18VA IHL LV NOILVLdYAY 404 SNOILSIND AN

‘saniAnoe uswabebus Buunp
Anunwwod ayy Aq paynuasp! suondo |[e Jo S1yauaq/sysii Jo MalAal 01oads  «

(reanal fenualod ‘sasuodsal Buluueld '6°9) uoneldepe pue juswabeuew
pJezey [einjeu Jo Juauod JapIMm uiynm iy Jybiw sayoeoidde asayi moH e

Ajunwiwod ‘ANiqisesy ‘[eanynd ‘[eJUSWILOIIAUS ‘SIS0D) SUORUDAISIUI
Juawabeurw JaALl 10j SI0}0R)/SIURISUOD A3 JO Bulpueisiapun Uy

"aAndaYe urewal ybiw
sayoeoidde asay) SUOHIPUOD Feym Japun 1o ‘BUO| MOY JO UOHBWINSS Uy  «

"eale s8ay-Hed ay} JO JUBIUOIIAUS JAL/UIe|dPOO}} 8Y) 10} d|qelNS
‘sayoeoidde Juawalieuew 1Al d|qeurelsns ‘a|gel Jo Buipuelsiapun uy e

S334-14vd IHL 1V NOILV.1dvaV 404 S3AILOICdO

zeoe/eo/ot

132



10 May 2023 - MATTERS FOR CONSIDERATION

Safety and Resilience Committee

514

[ TRODI0P WA s aUjU0 504
saouasBieY

NOILVA4GISNOOD

14

(¢@1qeydasae s Japisuod
Aunwwod op souewlopad yeym) ¢paljdde aq pjnoys sprepuels asuewlopad Jeypy e

¢palinbai si uoyuow Buiob-uo reypy e
*(918 ue|d 1ISIP ‘VINY ‘Ue|d Ja1ep\ DHO ‘SdN Jaremysal) syiomawely Aloye|nbay o

*(Buipooyy pue ABojoipAy
uo syoedwi abueyo arewld pue ‘ayenbyues jne4 auid|y ue jo sasuanbasuod oiydiowoah
‘uoirepelfbe pagianl Buiobuo “H8) 1xa)U0D prezey/[eluswuoliAud ay) uaAlb Ajjeroadsa

— ¢wial-1abuo) ayy ul suonuaAiaiul palaaulbusuawabeuew JaALI 3Say) a1e 3|geIAN MOH

¢uonoajold panunuod apiaoid suonuaAIBlul pasaaulBuspuaLaBeURL 1BAL [|IM BUO| MOH  «

(¢uonepelbbe 01 anp — awiy ybnoayy uonossyoid
JO |9n3] Buronpal 6°8) ¢suonuanialul o1319ads Jo ain|rey Jo S8oUaNbasuod are Jeypy o

PASTSTEYI=R1=TT)
¢sieuaq ale ey o
ésoedwl alejeypy e
£oAaIyde 0} BulAl) uonuaAIBIUl SITRYAN o

¢d343dISNOD 39 OL1 d33N SYOLOV4d LNIWSSISSY NOILNIAGTLNI LVHM

zeoz/eo/ot

aouewuopad uoneidepe pue sabueyd aydiowoah

Jo Bupyoes) pue sassadold [einjeu jo Bunoyuow Buloh-uo SaAjoAU| e
‘(nyeL rey *D0Q ‘siuapisal

‘6°9) Aunwiwod Japim Jo |[e o} a|qerdadoe pue pauoddns aie sayoeoiddy o
SIap|oyaxels 1aylo

0] payesiunwiwod skemyred/saibalens aaneualfe Jo Siyauaq pue ysiy

's10)08}) £33 8q ISNW SanjeA AJuswe [einjeu pue JUSLWUOIIAUS dU} JO Y)eaH

paynsnl/ajgeldasde are siso) .
S)yauaq uonaajold pooj) SAPINOI]  «
(s1eak 00T-0G) MaIA wisy-buoj e seH

SAMIN
MO0 SFHOVOYddY NOILVLdVAayv 1N4SS300NS Od LYHM

133




10 May 2023 - MATTERS FOR CONSIDERATION

Safety and Resilience Committee

0S

1oe-rem-ndexeUm
ndiesem exe

6V

ceoe/co/ot

L1OR-Tep-NdTexeym
ndijexep axe

e}op saay-1eq

uing pang

98109910131

uiyend
JEVNISEEEN]

ndneseum emy aL
JaAIY e

134



Safety and Resilience Committee 10 May 2023 - MATTERS FOR CONSIDERATION

Otago Regional Council
Dart-Rees Floodplain Adaptation - Report on 23-24 February 2022 Workshop 15/11/2022

Appendix C
QLDC Presentation on Kinloch Road
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Appendix D
Presentation by Professor James Brasington (Waterways Centre for Freshwater Management)
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Appendix E
Presentation by Matt Gardner (Land River Sea Consulting)
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1 What is this report about?

Otago Regional Council (ORC) has engaged Tonkin & Taylor Ltd. (T+T) to provide engineering advice
regarding the susceptibility of the Glenorchy area to liquefaction and lateral spreading hazards.

The first stage of this assessment was to undertake ground investigations and analysis to help
understand the current susceptibility of the land. The results were presented in the T+T report
“Glenorchy Liquefaction Vulnerability Assessment” (v1, issued May 2022), including the liquefaction
vulnerability map shown in Figure 1.1 below. The assessment concluded that significant damage due
to liquefaction and lateral spreading could be expected at a “50 to 100 year” level of earthquake
shaking (a 40 — 60% chance of occurring over the next 50 years). The key areas identified are:

. Areas where both liquefaction and lateral spreading damage could occur. This area is
subdivided into Major and Severe lateral spreading.

. Areas where only liquefaction damage is expected. This area is subdivided into Medium and
High liquefaction vulnerability.

Figure 1.1: The liquefaction vulnerability map from the T+T May 2022 report. Note that boundaries between
the various categories are not precise, so more or less damage could occur on either side of the boundaries.

This current report presents the second stage of the liquefaction assessment — aiming to help ORC
and the local community understand potential engineering approaches for managing the
liqguefaction and lateral spreading hazards. Other non-engineering approaches also exist (e.g. land
use planning and emergency preparedness), however ORC will be considering these separately so
they are not covered here. This report identifies a range of mitigation techniques that could be
considered for land, buildings and infrastructure, and how these techniques could be applied across
the Glenorchy township. It then provides a preliminary high-level assessment of how effective these
mitigation works could be in reducing damage, and an indicative relative cost comparison.

Tonkin & Taylor Ltd February 2023
Head of Lake Wakatipu Natural Hazards Adaption — Engineering Approaches for Managing Liquefaction-Related Risk Job No: 1017916 v1
Otago Regional Council
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2 What damage could be caused by liquefaction?

Liquefaction is a natural process where earthquake shaking increases the water pressure in the
ground in some types of soil, resulting in temporary loss of soil strength. The following three key
elements are all required for liquefaction to occur:

° Sufficient ground shaking (a combination of the duration and intensity of shaking).
. A loose to medium-dense soil (typically sands and silts, or in some cases gravel).
° That these soils are saturated (i.e., below the groundwater table).

The severity of the liquefaction hazard therefore depends on the strength and duration of
earthquake shaking, the thickness, depth, density and type of soils and the depth of the
groundwater table.

Liquefaction can cause significant damage to land, buildings and infrastructure. It can cause highly
variable settlement of the ground due to ejection of liquefied soil and consolidation of loose ground.
It can also trigger lateral spreading, which is where the ground cracks and drops sideways towards a
“free face” such as a river, lake or terrace edge. Lateral spreading is often the cause of the most
severe liquefaction-related damage to land, buildings and infrastructure, particularly in areas closest
to the free face.

Some of the effects of liquefaction and lateral spreading are illustrated in Figure 2.1, Figure 2.2 and
Figure 2.3 below, with examples from the 2010 — 2011 Canterbury Earthquakes and the 2016
Kaikoura Earthquake.

Figure 2.1: Visual schematic of the consequences of liquefaction.

Tonkin & Taylor Ltd February 2023
Head of Lake Wakatipu Natural Hazards Adaption — Engineering Approaches for Managing Liquefaction-Related Risk Job No: 1017916 v1
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3
Liquefied sand ejected from underneath a house. Liquefied sand on the street, with piles of sand
shovelled out from under and around houses.
Foundation and brickwork damage. Liquefied sand that has broken through the floor slab
and filled up inside the house.
Power transformer that has sunk into the liquefied Stormwater manholes that have floated up out of the
ground. liquefied ground.
Figure 2.2: Example photographs of the types of damage to land, buildings and infrastructure that could be
expected in a large earthquake in the parts of Glenorchy categorised as Medium and High liquefaction
vulnerability (without lateral spread).
Tonkin & Taylor Ltd February 2023
Head of Lake Wakatipu Natural Hazards Adaption — Engineering Approaches for Managing Liquefaction-Related Risk Job No: 1017916 v1
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Lateral spreading pulled this foundation beam out A 1m wide ground crack ran through the middle of
from underneath the house. this house, pulling the garage walls apart.

The cracks running under this house caused the front  Lateral spreading buckled this bridge and damaged
part to pull away and drop 0.5m. the approaches, cutting the main trunk water supply
and fibre optic cable running across the bridge.

Lateral spreading caused a series of 0.5m cracks and  Liquefaction and lateral spreading pushed these
drops in this road. power poles over, and flooded the streets.

Figure 2.3: Example photographs of the types of damage to land, buildings and infrastructure that could be
expected in a large earthquake in the parts of Glenorchy categorised as Major and Severe lateral spreading. For
these examples the free face was about 4m high. In Glenorchy the free face is much higher (about 25m below
lake level), so lateral spreading could be more severe and extend further inland.

Tonkin & Taylor Ltd February 2023
Head of Lake Wakatipu Natural Hazards Adaption — Engineering Approaches for Managing Liquefaction-Related Risk Job No: 1017916 v1
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3 How much risk is tolerable?

Before discussing potential options for managing liquefaction hazard, it is useful to ask the question
“how much risk is tolerable”. This helps to set a benchmark level of performance that the various
different options can be compared against.

When it comes to natural hazards risk management and adaptation planning, there are no fixed
rules about exactly how much risk is tolerable. Rather than being a purely technical engineering or
legal question, this becomes a balance between costs and benefits, recognising that communities
have many other objectives in addition to managing natural hazards. Finding the balance that best
suits a particular situation requires a collaborative approach including the community, stakeholders,
technical experts and decision-makers. To help with these discussions, Table 3.1 includes various
factors that may be relevant when deciding how much liquefaction-related risk is tolerable.

Table 3.1: Relevant factors when deciding how much risk is tolerable

Factor Comments

Life safety during an Lateral spreading damage to buildings is the main life safety concern related to
earthquake liquefaction. While there were no deaths caused by lateral spreading in the 2010
— 2011 Canterbury Earthquakes, this was more a matter of good luck rather than
good design — if the shaking had been stronger or longer then building collapse
could have occurred.

Habitability in the days | If buildings are severely damaged, it may not be possible to use them after the
and weeks after an earthquake so people would need alternative accommodation. Damage to
earthquake electricity, water supply, stormwater and sewer networks would also impact on
habitability, potentially for many months (or longer) after the earthquake. These
issues could be worsened if earthquake damage cuts off the only road in and out

of the town.
Long term recovery While it is the most severe damage which often attracts most attention
after an earthquake immediately after an earthquake, a more significant issue for long term recovery

can sometimes be the minor and moderate damage (as it can be much more
extensive). While it may be possible to continue living with this damage until it is
eventually repaired, there can be far-reaching economic, social and
environmental consequences.

Other hazards Some locations may also be exposed to other hazards (e.g. flood) and cascading
hazards (e.g. liquefaction settlement leaves building more flood-prone).

Building Act All building work must comply with the Building Code regardless of whether a
building consent is required, and irrespective of whether it is to construct a new
building or to repair or alter an existing building.

In the case of alterations or repairs it is only the new work that must comply
with the current Building Code. If existing parts of the building do not comply,
then the main requirement (with some exceptions) is that the alterations or
repairs do not result in the building complying with the Building Code to a lesser
extent than before.

The Building Act requires councils to refuse building consent if the land is likely
to be subject to natural hazards, unless adequate steps are taken to protect
against the hazard. However, the Act provides a specific list of hazards that this
applies to, and it is unclear whether this includes earthquakes and liquefaction.
Nonetheless, it is useful to note that the test of whether a hazard is considered
“likely” has been defined as a “100 year” event (which has a 40% chance of
occurring over the next 50 years).

Tonkin & Taylor Ltd February 2023
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Table 3.1 (continued): Relevant factors when deciding how much risk is tolerable

Factor | Comments ‘

Building Code minimum | For most “normal” buildings (and other structures) the Building Code mandates
requirements minimum acceptable performance for two earthquake scenarios:

The Serviceability Limit State (SLS) is assessed for “25 year” earthquake shaking
levels (a 90% chance of occurring over the next 50 years). The building should
suffer little or no structural damage and remain accessible and safe to occupy.
There may be minor damage to building fabric that is readily repairable.

The Ultimate Limit State (ULS) is assessed for “500 year” earthquake shaking
levels (a 10% chance of occurring over the next 50 years). The building is
expected to suffer moderate to significant structural damage (which might not
be repairable), but not to collapse.

Resource Management | The RMA identifies management of significant risks from natural hazards as a
Act (RMA) matter of national importance, which means it needs to be considered at all
levels of planning and decision-making. The RMA also gives councils power to
refuse or place conditions on subdivision consents where there is a significant
natural hazard risk.

Insurance and Insurers each make their own decisions about natural disaster risk, often
mortgages balancing many different factors. The availability and cost of insurance is subject
to these decisions. In New Zealand there is an increasing trend of insurers
moving toward more “risk-based” pricing where specific attributes (such as
location and presence of hazards) are taken into account in both deciding
whether to offer cover, and in determining the cost of providing that cover.

Following the Christchurch earthquakes, most insurers adopted an approach
where new dwellings would be provided insurance cover on the basis that
compliance with the Resource Management Act and Building Act/Code largely
provided mitigation of the hazards potentially affecting the dwelling. In general,
insurers were more concerned with existing dwellings on land that was revealed
to be both liquefaction and flood prone, as there was little opportunity to
mitigate the hazards for existing buildings.

In the past banks have typically provided mortgage lending as long as insurance
was in place, however in future banks may also undertake their own
independent assessment of natural hazard risk before offering lending.

Chance of an The T+T May 2022 liquefaction assessment report concluded that significant
earthquake occurring damage due to liquefaction and lateral spreading could be expected at a “50 to
100 year” level of earthquake shaking (a 40 — 60% chance of occurring over the
next 50 years).

The Alpine Fault is particularly relevant, as it passes relatively close to Glenorchy
(55km at its nearest point). There is a 75% chance of a large earthquake
occurring on the Alpine Fault within the next 50 years. It is likely that a large
Alpine Fault earthquake would cause significant liquefaction and lateral
spreading damage in Glenorchy, however there is some uncertainty in the
severity and extent of damage that could occur.

Type of land use activity | There are many different ways that land can be used, such as for housing,
commercial activity, infrastructure, recreation, environmental purposes etc.
Because each of these different land uses has different consequences if
damaged in an earthquake, they each have different risk profiles. This means
that a particular degree of liquefaction-induced damage might be tolerable for
some types of land uses but not for others.

Tonkin & Taylor Ltd February 2023
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4 What can be done to manage the risk?

There is a wide range of possible approaches for managing the risks from natural hazards, as
illustrated in Figure 4.1 below. It is not necessary to select just a single approach, in fact it is often

best to combine multiple approaches to find the best balance for the particular situation faced by
each individual community.

This report discusses only engineering approaches for managing liquefaction-related risk, as ORC will
be considering other types of approaches and other hazards separately. The primary focus of this
report is on mitigation which reduces the potential impact of liquefaction. This can be achieved by
reducing how often damage occurs (so a larger earthquake is needed to trigger damage), by
decreasing the severity of that damage when it occurs and making it easier to repair afterwards.
However, this report also provides information about the potential impacts after mitigation is
undertaken (or with no mitigation), to help ORC and the community make informed decisions about
what residual risks! it might be appropriate to accept.

AVOID EXPOSURE

Land use planning
Adaptation planning

High Impact

Happens Rarely Happens Often

ACCEPT

Make informed decision

to accept risk (or residual
risk after mitigation)

REDUCE IMPACT
Improve land
Improve buildings
Improve infrastructure

Low Impact

Figure 4.1: Example aproaches for managing the risks from natural hazards, depending on the frequency of the
event and severity of the impacts. This report focusses only on engineering approaches only (black text above).
Other approaches also exist (grey text above), however Otago Regional Council will be considering these
separately.

1 “Residual risk” is the risk that remains even after all adopted risk management measures are implemented. It is usually
not practical or affordable to completely eliminate all risks. One of the goals of risk management is to find the point
where the residual risk is reduced to a level which is acceptable, or the point of “diminishing returns” where further
investment in risk management measures does not give a worthwhile reduction in the overall level of residual risk.

Tonkin & Taylor Ltd February 2023
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5 What engineering mitigation techniques are available?

There are various mitigation techniques available for protecting land, buildings and infrastructure
from the effects of liquefaction. The techniques considered for this assessment are summarised in
Table 5.1, Table 5.2 and Table 5.3 table below. The options are listed in order from the most robust
(and also the most expensive, disruptive and time-consuming) at the top, through to the least robust
(and least expensive, disruptive and time-consuming) at the bottom.

We have considered a wide range of options, spanning from very robust options through to a “do
nothing” option. At the more robust end of the range, there could be many cases where undertaking
the work would be impractical or unaffordable. At the less robust end of the range, there could be
many cases where new buildings might not meet minimum the Building Code requirements for
building consent, or where it may become more difficult to obtain insurance because of the high
residual risk. However, rather than pre-judge any outcomes and rule out any options immediately
we have included them in this report to provide context for discussion about a wide range of
approaches that exist.

In New Zealand it is rare for ground improvement for mitigation of liquefaction hazards (as
presented in Table 5.1 below) to be undertaken at a township or suburb scale, however over the
past two decades there have been some examples of large-scale ground improvement (tens of
hectares in area) as part of new subdivision construction.

Similarly, while residential buildings in New Zealand have historically not been designed to
accommodate the effects of liquefaction, this is now becoming standard practice where
liquefaction-prone soils are present. The MBIE Canterbury rebuild guidance? provides a range of
foundation concepts which offer improved robustness and ability to tolerate the effects of
liquefaction, as summarised in Table 5.2 below. While initially intended for the Canterbury rebuild, it
has proven to be useful more widely across the country to help guide resilient foundation design.
These foundations are grouped into three “Technical Categories” (TC’s) depending on the potential
consequences of liquefaction and the level of geotechnical investigation and specific engineering
design required:

TC1: Future land damage from liquefaction is unlikely, and ground settlements from liquefaction
effects are expected to be within normally accepted tolerances. Shallow geotechnical
investigations are required, and if a ‘good ground’ test is met then conventional NZS 3604
foundations (simple concrete slabs or suspended timber floors) can be used.

TC2: Liquefaction damage is possible in future large earthquakes. Shallow geotechnical
investigations are required and if this proves that the ground has sufficient strength then “off
the shelf” suspended timber floor or enhanced slab foundation options can be used.

TC3: Liquefaction damage is possible in future large earthquakes. Deep geotechnical investigation
(or assessment of existing information) and depending on the geotechnical assessment, might
require specific engineering design for foundations.

2 https://www.building.govt.nz/building-code-compliance/canterbury-rebuild/repairing-and-rebuilding-houses-affected-
by-the-canterbury-earthquakes/

Tonkin & Taylor Ltd February 2023
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Liquefaction mitigation techniques for reducing damage to land

Mitigation works Description

15 - 20m deep by

30 — 40m wide
perimeter treatment
ground improvement
alongside lake

A long vibrating probe is used to compact the ground and inject gravel to form
columns about 1m in diameter, in a grid pattern at about 2m spacings. This strip
of very deep improvement along the lake edge acts like an “underground dam” of
solid ground which helps to hold back the liquefied ground and reduce lateral
spreading ground displacements.

Perimeter treatment can help reduce the lateral spreading hazard for areas
further inland (but the inland ground could still experience settlement damage if
the underlying ground liquefies).

12m deep ground
improvement, all land

Ground compaction and gravel columns as above, covering all land in an area (e.g.
under buildings, roads and the land in between). Only 12m deep so there is still
potential for the ground deeper than this to liquefy. This means that liquefaction
settlement and lateral spreading could still occur, but the magnitude of
displacement should be less.

12m deep ground
improvement, land
under buildings &
infrastructure only

Ground compaction and gravel columns as above, but only covering land under
buildings & infrastructure (no improvement of land in between). This will form
individual “islands” of ground improvement which can help to reduce settlement
and lateral spreading (but less effective at controlling lateral spreading that the
options above).

12m deep ground
improvement, land
around buildings &
infrastructure where
accessible

This ground improvement approach could be considered where there are existing
buildings & infrastructure, to avoid the need relocate them to improve
underneath. The main benefit of this is reducing lateral spreading by improving a
block of surrounding ground. Significant ground settlement could still occur due to
liquefaction of the unimproved ground beneath.

4m deep ground
improvement, land
under buildings &
infrastructure only

There are various shallow ground improvement methods which could be used to
compact the upper 4m of the soil profile, including gravel columns (as above),
dynamic compaction (a crane drops a weight on the ground) and impact
compaction (a square roller or hammer hits the ground).

This will have little effect on lateral spreading displacements, but can help reduce
the severity of differential ground settlement due to liquefaction and ejected soil.
Therefore this option is more applicable in areas further inland where less lateral
spreading is expected, or in conjunction with perimeter treatment to reduce
lateral spreading displacements.

1.2m deep
geogrid-reinforced
crushed gravel raft,
under buildings &
infrastructure only

This method provides a stiff platform of well compacted and reinforced gravel
beneath buildings & infrastructure. The main benefit of this is to help reduce the
severity of differential ground settlement due to liquefaction and ejected soil.

The geogrid can help reduce the magnitude of lateral ground stretching to some
degree (encouraging cracks to instead form on either side), but is less effective
than deep ground improvement for controlling lateral spread. Therefore this
option is more applicable further inland where less lateral spread is expected, or
in conjunction with perimeter treatment which reduces lateral spreading.

No improvement

Ground remains in its current state within an area. However, in some mitigation

scenarios ground improvement in a neighbouring area may help to provide some
reduction in lateral spreading ground displacement, so we have made allowance
for this in our damage estimates where appropriate.

NOTE: The details quoted in this table (such as depth and extent of treatment) are intended to be indicative only, to
provide a general picture of the relative scale of the various options. Actual details would need to be determined
as part of the design process, to meet agreed target performance requirements.

Tonkin & Taylor Ltd
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Liquefaction mitigation techniques for reducing damage to buildings

‘ Description

The MBIE Canterbury rebuild guidance provides five concepts for raised platform
foundations designed to accommodate significant ground settlement and lateral
spreading while limiting deformation of the overlying structure. Settlement and
damage is still expected to occur, but the aim is for this to be readily repairable.

Existing buildings would need to be temporarily lifted, and possibly relocated, for
the new foundation to be constructed underneath.

This foundation type also has the added benefit of raising floor levels higher
above flood levels.

New TC2 waffle slab
foundation or
enhanced lightweight
platform on timber
piles

The MBIE Canterbury rebuild guidance provides numerous TC2-type foundation
options, however the most commonly adopted are waffle slab foundations (for
concrete slabs) and enhanced lightweight platforms (for timber floors).

Existing buildings would need to be temporarily lifted, and possibly relocated, for
the new foundation to be constructed underneath.

Enhanced lightweight platforms also have the added beneéfit of raising floor levels
higher above flood levels.

Retrofit to strengthen
existing foundations
and buildings

While the primary focus of the MBIE Canterbury rebuild guidance is on robust
design of new buildings and repair of damaged buildings, some of the same
concepts could be applied for proactive retrofit strengthening of existing
buildings. This would avoid the need to lift/relocate existing buildings, but might
not provide the same performance as a new TC2 or TC3 foundation.

For timber floor foundations this could include subfloor sheet bracing, bolt-spliced
bearers, and enhanced connections between piles and bearers. Retrofit
strengthening may be more difficult for concrete slab foundations, but could
include internal and perimeter tie beams and edge stiffening.

There may also be opportunities to enhance the superstructure, such as sheet
claddings/linings, lightweight roof/cladding, stiffening walls, and enhanced
connections between walls and roof framing.

No improvement

Foundation and building remain in their current state.

NOTE:

The foundation concepts in this table are for simple lightweight timber-frame buildings (such as typical houses,
or small commercial buildings of similar construction). It might be possible to apply similar concepts to other
types of building, but this would need specific engineering assessment. For all buildings, actual details would
need to be determined as part design, to meet Building Code performance requirements for building consent.

Table 5.3:

Mitigation works

New infrastructure

with resilient detailing

Liquefaction mitigation techniques for reducing damage to infrastructure

‘ Description

New infrastructure should incorporate resilient detailing to better accommodate
displacement. This includes avoiding higher hazard areas, providing redundancy
within a system, adopting appropriate technology (e.g. pressure sewer), careful
selection of pipe/cable materials, robust/flexible connections, utilising details that
resist uplift, and granular/cemented trench backfill.

Retrofit to strengthen

existing infrastructure

For existing infrastructure, opportunities to enhance the entire network can be
more limited (short of complete replacement). However, detailed assessment of
the system may identify critical “weak links” where targeted upgrades can
improve the overall resilience of the wider network.

No improvement

Infrastructure remains in its current state.

Tonkin & Taylor Ltd
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6 How could these mitigation techniques be applied across Glenorchy?

Two of the important factors when deciding what type of mitigation (if any) is undertaken at
particular locations across the town are:

. The current vulnerability of the ground to liquefaction and lateral spreading at the location.
This is shown on the map in Figure 1.1.

. Whether there are existing buildings and infrastructure at the location, or whether new
development is proposed.

Table 6.1 and Table 6.2 below summarise a range of potential layouts for how liquefaction
mitigation could be undertaken across Glenorchy. The options are listed in order from the most
robust (and also the most expensive and disruptive) at the top, through to the least robust (and least
expensive and disruptive) at the bottom. The options towards the top of the table might prove to be
impractical or unaffordable, while the options towards the bottom of the list might not meet
building consent requirements or be difficult to obtain insurance for. However, rather than rule any
options out immediately we have included them in this report to provide context for discussion.

At this stage it is uncertain whether it would be feasible to undertake ground improvement
underneath existing buildings and infrastructure, and this may vary depending on the specific details
of each situation. Therefore our assessment has considered both potential outcomes to help
understand the implications either way:

. For Table 6.1, we have assumed that it would be feasible to undertake ground improvement
beneath existing buildings and infrastructure (Options Al to C1). This would help to provide
protection against both liquefaction settlement and lateral spreading. Existing buildings would
need to be temporarily lifted, and probably relocated, for the ground improvement to be
constructed underneath. For some types of existing infrastructure it may be possible to
undertake ground improvement on either side to protect the infrastructure. For other types of
existing infrastructure it may be more practical to install new robust infrastructure after the
ground improvement, rather than attempting to improve underneath the existing.

° For Table 6.2, we have assumed that it would not be feasible to undertake ground
improvement beneath existing buildings and infrastructure (Options A2 to C2). For these
options, we have instead assumed ground improvement is undertaken in the clear space
around buildings and infrastructure. This would help to provide some degree of protection
against lateral spreading, but not liquefaction settlement.

Further consideration of these options is provided in Appendix A, including the degree to which they
might reduce the liquefaction hazard and the level of damage.
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Mitigation options - ground improvement under existing buildings & infrastructure

Current situation

Current Unuefoction Razard=] _severels | Weoris | wgh v

Lake Wakatipu

ﬁ New building on
new robust

Existing building on ﬁ Existing building on strengthened ﬁ Existing building on
existing foundation existing foundation new robust i

Option Al

Perimeter treatment beside lake. Deep ground
improvement and robust foundations & infrastructure for
all of lateral spread and High LV area. Elsewhere, robust
new buildings and infrastructure, and retrofit
strengthening for existing.

D Ground
i P
|

Lake Wakatipu

Option B1

Perimeter treatment beside lake. Deep ground
improvement and robust foundations & infrastructure for
all of lateral spread area, and under new robust buildings
and infrastructure for High LV area. Elsewhere, robust new
buildings and infrastructure, and retrofit strengthening for
existing.

Lake Wakatipu

Option C1

Perimeter treatment beside lake. In lateral spread area
deep ground improvement under robust buildings &
infrastructure. In High LV area shallow ground
improvement under robust new buildings &
infrastructure. Elsewhere, robust new buildings &
infrastructure, and retrofit strengthening for existing.

Lake Wakatipu

Option D1

Perimeter treatment beside lake. In lateral spread area
deep ground improvement under robust new buildings &
infrastructure. In High LV area shallow ground
improvement under robust new buildings & infrastructure |
Elsewhere, robust new buildings & infrastructure, and
retrofit strengthening for existing (except Medium LV).

Lake Wakatipu

Option E

In Severe LS area deep ground improvement under new
robust buildings & infrastructure, reducing to shallow
improvement for Major LS area. In High LV area gravel rafts
under robust new buildings & infrastructure. Elsewhere,
robust new buildings & infrastructure. Retrofit strengthen
existing buildings & infrastructure in lateral spread area.

Lake Wakatipu

Option F

In Severe LS area shallow ground improvement under new
robust buildings & infrastructure, reducing to gravel rafts
for Major LS area. Elsewhere, robust new buildings &
infrastructure. Retrofit strengthening for existing buildings
& infrastructure in Severe LS area.

Lake Wakatipu

Option G

In lateral spread area gravel rafts under robust new
buildings & infrastructure. Elsewhere, robust new
buildings & infrastructure. No retrofit strengthening for
existing buildings & infrastructure.

Lake Wakatipu

Tonkin & Taylor Ltd
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Mitigation options - no ground improvement under existing buildings & infrastructure

Current situation

ilﬁ‘ﬁﬁ‘ﬁ‘

1=

Lake Wakatipu

Ground
improvement

ﬁ Existing building on

existing foundation

New building on
new robust foundation

ﬁ Existing building on strengthened ﬁ Existing building on ﬁ
existing foundation new robust foundation

0

Option A2

Perimeter treatment beside lake. Deep ground
improvement and robust foundations & infrastructure for
all accessible parts of lateral spread and High LV area.
Elsewhere, robust new buildings and infrastructure, and
retrofit strengthening for existing.

Lake Wakatipu

Option B2

Perimeter treatment beside lake. Deep ground
improvement and robust foundations & infrastructure for
all accessible parts of lateral spread area, and under new
robust buildings and infrastructure for High LV area.
Elsewhere, robust new buildings and infrastructure, and
retrofit strengthening for existing.

Lake Wakatipu

Option C2

Perimeter treatment beside lake. In lateral spread area
deep ground improvement under new robust buildings &
infrastructure, or around existing where accessible. In High|
LV area shallow ground improvement under robust new
buildings & infrastructure. Elsewhere, robust new
buildings & infrastructure, and retrofit strengthen existing.

Lake Wakatipu

Option D2

Perimeter treatment beside lake. In lateral spread area
deep ground improvement under robust new buildings &
infrastructure. In High LV area shallow ground
improvement under robust new buildings & infrastructure
Elsewhere, robust new buildings & infrastructure. No
retrofit strengthening of existing buildings & infrastructure|

Lake Wakatipu

Option E

In Severe LS area deep ground improvement under new
robust buildings & infrastructure, reducing to shallow
improvement for Major LS area. In High LV area gravel rafts
under robust new buildings & infrastructure. Elsewhere,
robust new buildings & infrastructure. Retrofit strengthen
existing buildings & infrastructure in lateral spread area.

Lake Wakatipu

Option F

In Severe LS area shallow ground improvement under new
robust buildings & infrastructure, reducing to gravel rafts
for Major LS area. Elsewhere, robust new buildings &
infrastructure. Retrofit strengthening for existing buildings
& infrastructure in Severe LS area.

i i ﬁ‘ aeg ﬁﬁéﬁ

Lake Wakatipu

Option G

In lateral spread area gravel rafts under robust new
buildings & infrastructure. Elsewhere, robust new
buildings & infrastructure. No retrofit strengthening for
existing buildings & infrastructure.

i A aeg ﬁﬁéﬁ

Lake Wakatipu
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7 How well do these mitigation options work?

The very thick deposits of liquefiable soil under Glenorchy, and the very high free face at the lake
edge, mean that it will be challenging to improve the performance of the land in an earthquake.
Even with very extensive ground improvement to reduce the liquefaction and lateral spreading
hazard, it is unlikely that the hazard could be eliminated. This means that it is important to
understand the level of “residual risk” that would remain even after mitigation works were
undertaken.

An understanding of residual risk can help to guide discussion about mitigation options, and
comparison against other non-engineering risk management approaches (e.g. land use planning and
emergency preparedness). This can be useful to help to find the point of “diminishing returns”
where the additional benefits of undertaking more robust mitigation do not justify the additional
costs. This should consider not just financial benefits, but also social and environmental measures.

Table 7.1 below provides a general picture of the residual liquefaction hazard that would remain
after each mitigation option was implemented. Table 7.2 presents a similar summary, looking at the
approximate proportion of buildings and infrastructure expected to experience severe
liquefaction-induced damage for each option3. As explained above, even for the most robust
mitigation options listed, there remains significant liquefaction hazard and potential for damage.

When considering the cost and benefits of mitigation works, it can be useful to ask the question
“who benefits from the mitigation work?”, which runs in parallel with a similar question of

“who bears the costs?”. For mitigation options which include deep ground improvement over a large
area, there can be benefits for other properties further inland if these works help to reduce the
severity of lateral spreading towards the lake. Similarly, ground improvement which helps to protect
infrastructure at locations of highest hazard or “weak links” can have benefits to many users across
the wider network.

w

This damage analysis is based on generalised damage trends observed from the 2010-2011 Canterbury Earthquakes. The
analysis uses damage data for ground conditions and types of buildings which are generally similar to those in Glenorchy,
but it is not based on a specific analysis of the individual buildings in Glenorchy. For this analysis, severe damage to
buildings and infrastructure is taken to mean that it would likely be impractical or uneconomic to repair. There will also
be additional buildings and infrastructure which are damaged, but not as severely. As the proportion of severe damage
increases, the general scale and nature of this other damage will also worsen.

Tonkin & Taylor Ltd February 2023
Head of Lake Wakatipu Natural Hazards Adaption — Engineering Approaches for Managing Liquefaction-Related Risk Job No: 1017916 v1
Otago Regional Council

174



Safety and Resilience Committee

10 May 2023 - MATTERS FOR CONSIDERATION

15
Table 7.1: Indicative liquefaction hazard, after mitigation works are undertaken
EXISTING DEVELOPMENT NEW DEVELOPMENT

Current liquefaction hazard: NEYES Miior Hli\g/h Melt:i\i/um Se\lfgre Miéor H:\g/h Melt-’i\i/um

Option Al HLi\g/h

Option B1

Option C1 H

Option D1

Option E

Option F

Option G Medium Severe

Option A2 Medium  High

Option B2

Option C2

Option D2 Se\lj;:re
Table 7.2: Indicative proportion of buildings & infrastructure with severe liquefaction damage in

a large earthquake, after mitigation works are undertaken

EXISTING DEVELOPMENT

NEW DEVELOPMENT

Current liquefaction hazard: Severe | Major High [Medium" Severe | Major High [Medium
LS LS v Lv LS LS Lv A%
Expected damage for current ground conditions: ‘ 75% 50% 25%
Option Al 30% 25% 15% 15% 25% 20% 10% 10%
Option B1 25% 15% 25% 20% 15% 10%
Option C1 30% 15% 30% 25% 20% 10%
Option D1 25% 35% 30% 20% 10%
Option E 25% 25% 10%
Option F 25% 30% 10%
Option G 25% % 50% 30% 10%
Option A2 45% 40% 40% 15% 30% 25% 10% 10%
Option B2 o 15% 30% 25% 15% 10%
Option C2 15% 30% 25% 20% 10%
Option D2 65% % 50% 25% 35% 30% 20% 10%

NOTE: These table are intended to be indicative only, to provide a general picture of the relative effectiveness of the
various options. Actual performance in an earthquake is expected to be variable, with some locations experiencing more
damage than listed above, and some locations experiencing less.

Tonkin & Taylor Ltd
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8 How much do these mitigation options cost?

As this is an initial concept report only, we have not undertaken any analysis or design for the
various mitigation options presented. However, we have developed assumed mitigation concepts
based on our experience assessing area-wide remediation options for the “Red Zone” following the
Canterbury Earthquakes. Similarly, we have not undertaken project-specific cost estimation, instead
relying on indicative cost information from ground improvement trials undertaken by the
Earthquake Commission following the Canterbury Earthquakes. Based on these preliminary
assumptions, we have prepared, in relative terms, an approximate comparison of potential
estimates for the various mitigation options, as summarised in Table 8.1.

When considering the cost and benefits of mitigation works, it can be useful to ask the questions
“when are the costs incurred?” and “when are the benefits received”. One of the challenging aspects
of liquefaction mitigation works is that there can be a significant up-front cost to undertake the
work, but most of the benefit is not received until some uncertain time in the future when an
earthquake occurs. This means that a very long-term view is required when evaluating options for
managing liquefaction-related risk. It also means that the engineering analysis and design needs to
strike a careful balance to avoid being overly pessimistic or optimistic. There can be significant
current-day costs for construction if the mitigation design is more robust than is actually needed, but
also significant future costs from damage if the mitigation design is not robust enough.

The same as when assessing benefits, the viability assessment should consider not just financial
costs, but also social and environmental measures, and the opportunity cost of investing in
mitigation works instead of other things. Given the current economic environment, careful
consideration of cost inflation would also be prudent.

Tonkin & Taylor Ltd February 2023
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Table 8.1: Indicative relative comparison of estimates for mitigation works

EXISTING DEVELOPMENT NEW DEVELOPMENT
Current iquefaction hazard: sevre | wsor | vin [ sevre | v | v
MITIGATION WORKS
15 —20m deep by 30 — 40m wide perimeter
treatment ground improvement alongside lake 9999 3959 N/A N/A 3959 9999 N/A N/A
12m deep ground improvement, all land $9SSS | $SSSS | $85SS N/A | $$SSS | $S5SSS | $SSSS 1 N/A
12m deep ground improvement, land under
buildings & infrastructure only 9955 5955 5955 N/A 5953 9995 9995 N/A
2 |12m deep ground improvement, land around
Z 7
< | buildings & infrastructure where accessible 5959 3955 N/A N/A N/A N/A N/A N/A
4m deep ground improvement, land under
buildings & infrastructure only 599 999 599 N/A 999 299 999 N/A
1.2m deep geogrid-reinforced crushed gravel
raft, under buildings & infrastructure only 395 993 395 N/A 395 395 995 N/A
No land improvement - - - - - - - -
New TC3 surface structure foundations $$$S $$SS S N/A $SS $SS $$S N/A
o | New TC2 waffle slab foundation or enhanced
[C]
Z |lightweight platform on timber piles N/A N/A N/A 993 N/A N/A N/A 3
=)
= |Retrofit to strengthen existing foundations and
2 buildings $$ $$ $ $ N/A N/A N/A N/A
No foundation or building improvement - - - - - - - -
g New infrastructure with resilient detailing S S S S S S S S
g
& |Retrofit to strengthen existing infrastructure S S S S N/A N/A N/A N/A
2
o
S | Noinfrastructure improvement - - - - - - - -

- No mitigation works, so no construction cost
S Estimate in the order of $25,000
33 Estimate in the order of $50,000
$SS Estimate in the order of $100,000
$$8$  Estimate in the order of $200,000
$$$$S  Estimate more than $300,000

N/A  Mitigation option is not applicable for this scenario

Notes: 1) These indicative estimates are based on the results of the EQC residential ground improvement trials and ground improvement
pilot projects undertaken in 2015, uplifted by 50% for construction cost inflation between 2015 and 2022.

2) All estimates are per property, assuming an average building footprint of 150m? on a lot size of 800m?2.

3) For perimeter treatment & infrastructure, the total estimate for mitigation is divided between the properties which benefit.

4) For existing development, TC2 and TC3 foundation estimates include the foundation construction as well as the enabling and
reinstatement works required (e.g. lifting the existing building, repairing damage and reinstating services). These estimates
relate to the direct construction work only, and do not include indirect costs such as overall community-wide programme
management or temporary accommodation.
For new development, TC2 and TC3 foundation estimates are calculated as the additional over and above a NZS3604
foundation (the standard foundation typically used for ground that is not liquefaction-prone).
Infrastructure mitigation works relate to underground services only. Estimates are calculated as the additional over and above
standard infrastructure construction on ground that is not liquefaction-prone.
The estimates presented in this report are indicative only, to illustrate the potential order of magnitude and relativity
between options. These estimates are based on assumed concepts — no analysis or design has been undertaken.
Consequently, a significant margin of uncertainty exists on the estimates. If decision-making is found to be sensitive to these
estimates, then we recommend further, more location-specific engineering design and construction cost advice is sought.

INDICATIVE RELATIVE COST SCALE

5

6

7
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9 Applicability

This report has been prepared for the exclusive use of our client Otago Regional Council, with
respect to the particular brief given to us and it may not be relied upon in other contexts or for any
other purpose, or by any person other than our client, without our prior written agreement.

The cost estimates presented in this report are indicative only, to illustrate the potential order of
magnitude and relativity between options. These estimates are based on assumed concepts — no
analysis or design has been undertaken. In particular, we have not made any attempt to allow for
the potential impact of COVID-19 in this estimate. Also, supply chain disruptions are currently having
quickly-changing effects on construction costs and schedules. Consequently, a significant margin of
uncertainty exists on the estimates. If decision-making is found to be sensitive to these estimates,
then we recommend further, more location-specific engineering design and construction cost advice
is sought.

Tonkin & Taylor Ltd
Environmental and Engineering Consultants
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Existing situation

Current Liquefaction Hazard = mw High LV

: a T a a5

=)

Lake Wakatipu

Existing building on ﬁ Existing building on strengthened ﬁ Existing building on ﬁ New building on E;: Ground
existing foundation existing foundation new robust foundation new robust foundation [+ 4 improvement

EXISTING DEVELOPMENT NEW DEVELOPMENT

NEVE S

Current liquefaction hazard:

Post-mitigation liquefaction hazard: - - - = = - - -

Current % of buildings & infrastructure with severe

[v) 0, 0, 0, - - - -
liquefaction damage in a major earthquake: ) 5% 206 e

Post-mitigation % of buildings & infrastructure with
severe liquefaction damage in a major earthquake:

MITIGATION WORKS

15— 20m deep by 30 — 40m wide perimeter
treatment ground improvement alongside lake

12m deep ground improvement, all land
12m deep ground improvement, land under
buildings & infrastructure only

12m deep ground improvement, land around
buildings & infrastructure where accessible

LAND

4m deep ground improvement, land under
buildings & infrastructure only

1.2m deep geogrid-reinforced crushed gravel
raft, under buildings & infrastructure only

No land improvement X X X X

New TC3 surface structure foundations

New TC2 waffle slab foundation or enhanced
lightweight platform on timber piles

Retrofit to strengthen existing foundations and
buildings

BUILDINGS

No foundation or building improvement X X X X

New infrastructure with resilient detailing

Retrofit to strengthen existing infrastructure

INFRASTRUCTURE

No infrastructure improvement X X X X
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Option Al

Lake Wakatipu

Existing building on ﬁ Existing building on strengthened ﬁ Existing building on ﬁ New building on };‘;: Ground
existing foundation existing foundation new robust foundation new robust foundation [+ 4 improvement
EXISTING DEVELOPMENT NEW DEVELOPMENT

Severe Medium| Severe Medium
LS (AY) LS

Medium | Medium  High
LV

Current liquefaction hazard:

Post-mitigation liquefaction hazard:

Current % of buildings & infrastructure with severe

0,
liquefaction damage in a major earthquake: s

S - . .
Post: ml'tlgatlon A of bmldmg.s & |nfrastructure with 30% 25% 15% 15% 25% 20% 10% 10%
severe liquefaction damage in a major earthquake:

MITIGATION WORKS

15— 20m deep by 30— 40m wide perimeter
; . X X
treatment ground improvement alongside lake

12m deep ground improvement, all land X X X X X X

12m deep ground improvement, land under
buildings & infrastructure only

12m deep ground improvement, land around
buildings & infrastructure where accessible

LAND

4m deep ground improvement, land under
buildings & infrastructure only

1.2m deep geogrid-reinforced crushed gravel
raft, under buildings & infrastructure only

No land improvement X X

New TC3 surface structure foundations X X X X

New TC2 waffle slab foundation or enhanced
lightweight platform on timber piles

Retrofit to strengthen existing foundations and
buildings

BUILDINGS

No foundation or building improvement

New infrastructure with resilient detailing X X X X X X X

Retrofit to strengthen existing infrastructure X

No infrastructure improvement

INFRASTRUCTURE
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Lake Wakatipu

Existing building on
existing foundation

=

Existing building on strengthened
existing foundation

Existing building on
new robust foundation

a

EXISTING DEVELOPMENT

NEVE S

Current liquefaction hazard: LS

Post-mitigation liquefaction hazard:

Current % of buildings & infrastructure with severe
liquefaction damage in a major earthquake:

Post-mitigation % of buildings & infrastructure with
severe liquefaction damage in a major earthquake:

MITIGATION WORKS

15— 20m deep by 30 — 40m wide perimeter
treatment ground improvement alongside lake

12m deep ground improvement, all land X X
12m deep ground improvement, land under
buildings & infrastructure only

12m deep ground improvement, land around
buildings & infrastructure where accessible

LAND

4m deep ground improvement, land under
buildings & infrastructure only

1.2m deep geogrid-reinforced crushed gravel
raft, under buildings & infrastructure only

No land improvement X

o

Medium| Severe

LV

Medium

LV

15%

New building on P’*‘ﬂ Ground
new robust foundation it*!\" improvement

NEW DEVELOPMENT

Medium
LS LV

High
LV

Medium | Medium

25% 20% 15% 10%

New TC3 surface structure foundations X X

New TC2 waffle slab foundation or enhanced
lightweight platform on timber piles

Retrofit to strengthen existing foundations and
buildings

BUILDINGS

No foundation or building improvement

New infrastructure with resilient detailing X X

Retrofit to strengthen existing infrastructure X

INFRASTRUCTURE

No infrastructure improvement
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Option C1

o8R8 agan

Lake Wakatipu

Existing building on ﬁ Existing building on strengthened ﬁ Existing building on ﬁ New building on };‘;: Ground
existing foundation existing foundation new robust foundation new robust foundation [+ 4 improvement

EXISTING DEVELOPMENT NEW DEVELOPMENT

Severe Medium| Severe Medium
LS Y LS Y

Medium| High Medium | Medium
(AY) LV

Current liquefaction hazard:

Post-mitigation liquefaction hazard:

Current % of buildings & infrastructure with severe
liquefaction damage in a major earthquake:

Post-mitigation % of buildings & infrastructure with

0, 0, 0, 0, 0,
severe liquefaction damage in a major earthquake: L st L A3 it

MITIGATION WORKS

15— 20m deep by 30 — 40m wide perimeter
treatment ground improvement alongside lake

12m deep ground improvement, all land
12m deep ground improvement, land under
buildings & infrastructure only

12m deep ground improvement, land around
buildings & infrastructure where accessible

LAND

4m deep ground improvement, land under
buildings & infrastructure only

1.2m deep geogrid-reinforced crushed gravel
raft, under buildings & infrastructure only

No land improvement X X X

New TC3 surface structure foundations X X X X

New TC2 waffle slab foundation or enhanced
lightweight platform on timber piles

Retrofit to strengthen existing foundations and
buildings

BUILDINGS

No foundation or building improvement

New infrastructure with resilient detailing X X X X X X

Retrofit to strengthen existing infrastructure X X

INFRASTRUCTURE

No infrastructure improvement
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Lake Wakatipu

%ﬁ

Existing building on
existing foundation

ﬁ Existing building on strengthened ﬁ
existing foundation
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Existing building on

new robust foundation ﬁ

EXISTING DEVELOPMENT

NEVE S

Current liquefaction hazard: LS

Severe

Post-mitigation liquefaction hazard: LS

Current % of buildings & infrastructure with severe
liquefaction damage in a major earthquake:

Post-mitigation % of buildings & infrastructure with
severe liquefaction damage in a major earthquake:

MITIGATION WORKS

15— 20m deep by 30 — 40m wide perimeter
treatment ground improvement alongside lake

12m deep ground improvement, all land
12m deep ground improvement, land under
buildings & infrastructure only

12m deep ground improvement, land around
buildings & infrastructure where accessible

LAND

4m deep ground improvement, land under
buildings & infrastructure only

1.2m deep geogrid-reinforced crushed gravel
raft, under buildings & infrastructure only

No land improvement X

Medium| Severe

LV

Medium
LV

25%

New building on F
new robust foundation i!‘h.t improvement

LS

High
LV

35%

an 228 aaen

Ground

[

NEW DEVELOPMENT

30%

Medium
Y

Medium | Medium

20% 10%

New TC3 surface structure foundations

New TC2 waffle slab foundation or enhanced
lightweight platform on timber piles

Retrofit to strengthen existing foundations and
buildings

BUILDINGS

No foundation or building improvement

New infrastructure with resilient detailing

Retrofit to strengthen existing infrastructure X

INFRASTRUCTURE

No infrastructure improvement
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Option E

Lake Wakatipu %

Existing building on ﬁ Existing building on strengthened ﬁ Existing building on ﬁ New building on }I*;: Ground
existing foundation existing foundation new robust foundation new robust foundation [+ 4 improvement

EXISTING DEVELOPMENT NEW DEVELOPMENT

Severe Medium| Severe Medium

Current liquefaction hazard: LS LV LS LV

Severe Medium| Major Medium

Post-mitigation liquefaction hazard: LS LV LS

Current % of buildings & infrastructure with severe
liquefaction damage in a major earthquake:

Post-mitigation % of buildings & infrastructure with

259 109
severe liquefaction damage in a major earthquake: = i

MITIGATION WORKS

15— 20m deep by 30 — 40m wide perimeter
treatment ground improvement alongside lake

12m deep ground improvement, all land
12m deep ground improvement, land under
buildings & infrastructure only

12m deep ground improvement, land around
buildings & infrastructure where accessible

LAND

4m deep ground improvement, land under
buildings & infrastructure only

1.2m deep geogrid-reinforced crushed gravel
raft, under buildings & infrastructure only

No land improvement X X X X X

New TC3 surface structure foundations X X X

New TC2 waffle slab foundation or enhanced
lightweight platform on timber piles

Retrofit to strengthen existing foundations and
buildings

BUILDINGS

No foundation or building improvement X X

New infrastructure with resilient detailing X X X X

Retrofit to strengthen existing infrastructure X X

INFRASTRUCTURE

No infrastructure improvement X X
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Option F

gﬁ. g8l ag an

Lake Wakatipu g

Existing building on ﬁ Existing building on strengthened ﬁ Existing building on ﬁ New building on };‘;: Ground
existing foundation existing foundation new robust foundation new robust foundation [+ 4 improvement

EXISTING DEVELOPMENT NEW DEVELOPMENT

Severe Medium| Severe Medium
LS Y LS Y

Current liquefaction hazard:

Severe Medium| Severe Medium

Post-mitigation liquefaction hazard: LS LV LS

Current % of buildings & infrastructure with severe
liquefaction damage in a major earthquake:

Post-mitigation % of buildings & infrastructure with

0, 0,
severe liquefaction damage in a major earthquake: St it

MITIGATION WORKS

15— 20m deep by 30 — 40m wide perimeter
treatment ground improvement alongside lake

12m deep ground improvement, all land
12m deep ground improvement, land under
buildings & infrastructure only

12m deep ground improvement, land around
buildings & infrastructure where accessible

LAND

4m deep ground improvement, land under
buildings & infrastructure only

1.2m deep geogrid-reinforced crushed gravel
raft, under buildings & infrastructure only

No land improvement X X X X X X

New TC3 surface structure foundations X X X

New TC2 waffle slab foundation or enhanced
lightweight platform on timber piles

Retrofit to strengthen existing foundations and
buildings

BUILDINGS

No foundation or building improvement X X X

New infrastructure with resilient detailing X X X X

Retrofit to strengthen existing infrastructure X

INFRASTRUCTURE

No infrastructure improvement X X X
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Option G
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a1

gﬁ

Lake Wakatipu

Existing building on
existing foundation

Existing building on strengthened New building on

existing foundation

Existing building on
new robust foundation

[

=

a

EXISTING DEVELOPMENT

o

NEVE S
LS

Medium
Y

NEVE S

Current liquefaction hazard: LS

Severe
LS

Medium
LV

Severe

Post-mitigation liquefaction hazard: LS

Current % of buildings & infrastructure with severe
liquefaction damage in a major earthquake:

Post-mitigation % of buildings & infrastructure with
severe liquefaction damage in a major earthquake:

MITIGATION WORKS

15— 20m deep by 30 — 40m wide perimeter
treatment ground improvement alongside lake

12m deep ground improvement, all land
12m deep ground improvement, land under
buildings & infrastructure only

12m deep ground improvement, land around
buildings & infrastructure where accessible

LAND

4m deep ground improvement, land under
buildings & infrastructure only

1.2m deep geogrid-reinforced crushed gravel
raft, under buildings & infrastructure only

No land improvement

NEW DEVELOPMENT

] Ground
new robust foundation [+ 4 improvement

Medium
Y

Medium

10%

New TC3 surface structure foundations

New TC2 waffle slab foundation or enhanced
lightweight platform on timber piles

Retrofit to strengthen existing foundations and
buildings

BUILDINGS

No foundation or building improvement

New infrastructure with resilient detailing

Retrofit to strengthen existing infrastructure

INFRASTRUCTURE

No infrastructure improvement
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Lake Wakatipu

Existing building on
existing foundation

Existing building on strengthened
existing foundation

=

a

EXISTING DEVELOPMENT

NEVE S

Current liquefaction hazard: LS

Post-mitigation liquefaction hazard:

Current % of buildings & infrastructure with severe
liquefaction damage in a major earthquake:

Post-mitigation % of buildings & infrastructure with
severe liquefaction damage in a major earthquake:

MITIGATION WORKS

15— 20m deep by 30 — 40m wide perimeter
treatment ground improvement alongside lake

12m deep ground improvement, all land
12m deep ground improvement, land under
buildings & infrastructure only

12m deep ground improvement, land around
buildings & infrastructure where accessible

LAND

4m deep ground improvement, land under
buildings & infrastructure only

1.2m deep geogrid-reinforced crushed gravel
raft, under buildings & infrastructure only

No land improvement

e

o

L

Existing building on
new robust foundation
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- ﬁ&ﬁ&ﬁ a1

Medium| Severe
Y LS

Medium| High
LV LV

15% 30% 25%

NEW DEVELOPMENT

10%

ﬁ New building on P’*"’-‘: Ground
new robust foundation i!*ﬁ improvement

Medium
Y

Medium | Medium

10%

New TC3 surface structure foundations

New TC2 waffle slab foundation or enhanced
lightweight platform on timber piles

Retrofit to strengthen existing foundations and
buildings

BUILDINGS

No foundation or building improvement

New infrastructure with resilient detailing

Retrofit to strengthen existing infrastructure X

INFRASTRUCTURE

No infrastructure improvement
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Lake Wakatipu

Existing building on
existing foundation

Existing building on strengthened
existing foundation

Existing building on
new robust foundation

=

a

o

EXISTING DEVELOPMENT

NEVE S

Current liquefaction hazard: LS LV

Medium

Post-mitigation liquefaction hazard: LV

Current % of buildings & infrastructure with severe
liquefaction damage in a major earthquake:

Post-mitigation % of buildings & infrastructure with

159
severe liquefaction damage in a major earthquake: i

MITIGATION WORKS

15— 20m deep by 30 — 40m wide perimeter
treatment ground improvement alongside lake

12m deep ground improvement, all land
12m deep ground improvement, land under
buildings & infrastructure only

12m deep ground improvement, land around
buildings & infrastructure where accessible

LAND

4m deep ground improvement, land under
buildings & infrastructure only

1.2m deep geogrid-reinforced crushed gravel
raft, under buildings & infrastructure only

No land improvement X X

New building on

new robust foundation

Medium| Severe

LS

High
LV

30%
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éﬁé ﬁ%ﬁﬁ

1 Ground
i!*ﬂ improvement

NEW DEVELOPMENT

25%

Medium
Y

Medium | Medium

15% 10%

New TC3 surface structure foundations

New TC2 waffle slab foundation or enhanced
lightweight platform on timber piles

Retrofit to strengthen existing foundations and
buildings

BUILDINGS

No foundation or building improvement

New infrastructure with resilient detailing

Retrofit to strengthen existing infrastructure X X X X

INFRASTRUCTURE

No infrastructure improvement
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A

Lake Wakatipu

Existing building on
existing foundation

Existing building on strengthened
existing foundation

Existing building on
new robust foundation

=

a

EXISTING DEVELOPMENT

o

Severe

Current liquefaction hazard: LS LV

Medium

Post-mitigation liquefaction hazard: LV

Current % of buildings & infrastructure with severe
liquefaction damage in a major earthquake:

Post-mitigation % of buildings & infrastructure with

159
severe liquefaction damage in a major earthquake: i

MITIGATION WORKS

15— 20m deep by 30 — 40m wide perimeter
treatment ground improvement alongside lake

12m deep ground improvement, all land
12m deep ground improvement, land under
buildings & infrastructure only

12m deep ground improvement, land around
buildings & infrastructure where accessible

LAND

4m deep ground improvement, land under
buildings & infrastructure only

1.2m deep geogrid-reinforced crushed gravel
raft, under buildings & infrastructure only

No land improvement X X

288 ap

New building on

oo

Ground

[

new robust foundation i!‘h.d improvement

Medium® Severe

LS

High
LV

30%

NEW DEVELOPMENT

Medium
LV

Medium | Medium

25% 20% 10%

New TC3 surface structure foundations

New TC2 waffle slab foundation or enhanced
lightweight platform on timber piles

Retrofit to strengthen existing foundations and
buildings

BUILDINGS

No foundation or building improvement

New infrastructure with resilient detailing

Retrofit to strengthen existing infrastructure X X X X

INFRASTRUCTURE

No infrastructure improvement
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Option D2

o BEB egan

Lake Wakatipu %

Existing building on ﬁ Existing building on strengthened ﬁ Existing building on ﬁ New building on };‘;: Ground
existing foundation existing foundation new robust foundation new robust foundation [+ 4 improvement

EXISTING DEVELOPMENT NEW DEVELOPMENT

Severe Medium® Severe Medium
LS LV LS LV

Current liquefaction hazard:

Severe Medium  High Medium | Medium

Post-mitigation liquefaction hazard: LS LV LV

Current % of buildings & infrastructure with severe
liquefaction damage in a major earthquake:

Post-mitigation % of buildings & infrastructure with

0, 0, 0, 0, 0,
severe liquefaction damage in a major earthquake: ) Sk el AL 050

MITIGATION WORKS

15— 20m deep by 30 — 40m wide perimeter
treatment ground improvement alongside lake

12m deep ground improvement, all land
12m deep ground improvement, land under
buildings & infrastructure only

12m deep ground improvement, land around
buildings & infrastructure where accessible

LAND

4m deep ground improvement, land under
buildings & infrastructure only

1.2m deep geogrid-reinforced crushed gravel
raft, under buildings & infrastructure only

No land improvement X X X X X

New TC3 surface structure foundations X X

New TC2 waffle slab foundation or enhanced
lightweight platform on timber piles

Retrofit to strengthen existing foundations and
buildings

BUILDINGS

No foundation or building improvement X X X X

New infrastructure with resilient detailing X X X X

Retrofit to strengthen existing infrastructure

INFRASTRUCTURE

No infrastructure improvement X X X X
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7.2. Otago Region Natural Hazards Risk Assessment

Prepared for: Safety and Resilience Comm

Report No. OPS2305

Activity: Governance Report

Author: Jean-Luc Payan, Manager Natural Hazards; Andrew Welsh, Spatial Analyst
Endorsed by: Gavin Palmer, General Manager Operations

Date: 10 May 2023

PURPOSE

[11  To inform the Committee of the work programme to undertake a natural hazards risk

assessment for the Otago region, and development of a prioritisation approach to
inform ORC’s natural hazard risk management/adaptation planning and
implementation.

EXECUTIVE SUMMARY

(2]

ORC is undertaking a natural hazard risk assessment work programme, designed as a
review and high-level assessment of natural hazard risks for the full Otago region.

[3]  The purpose of the natural hazards risk assessment is to work towards a comprehensive,
regional-scale, spatial understanding of Otago’s natural hazards and risks.

(4] Completion of the risk assessment will enable a consistent assessment and prioritisation
of risk management or adaptation responses between areas across the region.

[5] A prioritisation approach is being developed, which is designed to identify the areas of
highest natural hazard risks, and assist with planning for natural hazards risk
management or adaptation responses

RECOMMENDATION

That the Safety and Resilience Committee:

1) Notes this report.

2) Notes the Otago Regional Council natural hazards risk assessment work programme.

BACKGROUND

(6]

(71

The Otago region is exposed to a wide variety of natural hazards that impact on people,
property, infrastructure and the wider environment. The natural hazards threats range
from coastal erosion and flooding in lowland coastal areas to alluvial fan deposition,
landslide, rock fall, and seismic hazards elsewhere in the region.

In order to understand the exposure of the Otago region to natural hazard impacts, ORC
has previously completed extensive natural hazard mapping and hazard assessments.
This work has informed compilation of regional or district-scale datasets providing an
overview of the extents and characteristics of natural hazards.

Safety and Resilience Committee 2023.05.10
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(8] ORC’s natural hazards mapping is publicly available on the ORC Natural Hazards Portal,!
which also includes supporting information such as technical reports and photographs.

[9] An important next step following natural hazard identification and characterisation, is an
assessment of the natural hazard risks and their spatial distribution.

[10] There has not yet been any systematic review or assessment of the natural hazard risks
across the Otago region as a whole, although there have been localised natural hazard
risk assessments undertaken for specific locations.?

[11] The Otago Climate Change Risk Assessment (OCCRA)? developed a regional dataset of
climate change related risks and opportunities and provides a broad understanding of
how these may change over time.

[12] This paper provides an overview of the current natural hazard risk assessment work
programme, which is designed as a review and high-level assessment of natural hazard
risks for the full Otago region, incorporating the effects of future climate change, for the
main potential natural hazards which may potentially impact these areas. The paper also
provides an update on development of a prioritisation approach and proposed next
steps.

[13] This work programme supports the ORC community outcome “Communities that are
resilient in the face of natural hazards & climate change and other risks.”

[14] The proposed natural hazard risk assessment programme is listed in the 2021-2031 ORC
Long-term Plan (LTP) as work to “Develop comprehensive risk mapping of natural
hazards across Otago” and specifies the performance measure: “Complete regional
natural hazards risk assessment (NHRA) and develop a regional approach for prioritising
adaptation to inform adaptation planning and implementation.”

[15]  This risk assessment is included in the ORC 2021-2031 LTP as a ten-year programme. The
first three years (to the end of the 2023-24 financial year) have a target of completing
natural hazard risk assessment and definition of a regional risk prioritisation approach
(Table 1). The remainder of the LTP timeframe is specified for further development of a
regional approach for natural hazards risk adaptation.

Table 1: Performance measures and targets for the natural hazards risk assessment program, from the
2021-31 Long Term Plan.

AT IUARCR e 2021/22 TARGET 2022/23 TARGET 2023/24 TARGET 2024-31 TARGET
Complete regional New Commence Report to Council Complete natural Develop a regional
natural hazards risks measure natural hazard on progress of hazard risk prioritisation plan
assessment (NHRA) risk assessment natural hazard assessment and for natural hazard
and develop a regional and investigation risk assessment define a regional risks adaptation
approach for prioritising of prioritisation and prioritisation approach for

adaptation* to inform approach approach prioritising

adaptation planning adaptation

and implementation

1 http://hazards.orc.govt.nz

2 For example, assessment of debris flow risks at Roxburgh (for ORC), and for debris flows and rockfall
risks at Gorge Road, Queenstown (for QLDC).

3 Gore E & Payan J, 2021. Otago Climate Change Risk Assessment. ORC report HAZ2101, report to the
1st March 2021 meeting of the Otago Regional Council Data and Information Committee.
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NATURAL HAZARD RISK
[16] This section outlines the key concepts and approaches in the assessment of natural
hazard risk.

[17]1  The International Standards Organisation (ISO) definition of risk* has been adopted by
Standards New Zealand for risk management. The ISO defines risk as the “effect of
uncertainty on objectives” and makes the following notes:

1. An effect is a deviation from the expected — positive and/or negative.

2. Objectives can have different aspects (such as financial, health and safety and
environmental goals) and can apply at different levels (such as strategic,
organisation wide, project, product and process).

3. Risk is often characterised by reference to potential events ... and consequences
..., Or a combination of these.

4, Risk is often expressed in terms of a combination of the consequences of an event
(including changes in circumstances and the associated likelihood ... of
occurrence).

5. Uncertainty is the state, even partial, of deficiency of information related to

understanding or knowledge of an event, its consequence or likelihood.

[18]  Natural hazard risk is commonly expressed® as a product of event likelihood and
consequence (i.e., Risk = Likelihood x Consequence) and can be plotted on a simple
matrix of these two factors (e.g., Table 3).

[19] In natural hazards and climate change assessments, risk is often expressed as: Risk =
Hazard x Exposure x Vulnerability. For example, the IPCC’s conceptual risk framework
(Figure 1) which was used as a basis for the Otago Climate Change Risk Assessment.®

[20] More advanced natural hazard risk definitions include additional elements accounting
for complexity such as recognition of feedback loops and cascading hazard interactions,
gradual onset impacts on systems or processes, vulnerability, capacity to adapt, and
presence of hazard mitigation actions or residual risks.”

[21] The key terms commonly used in natural hazard risk characterisation are explained in
Table 2.

[22] The risk assessment approach will be based on the principles of the risk assessment
framework outlined in the proposed Otago Regional Policy Statement 2021 (pORPS).

Table 2: Explanation of key terms in natural hazard risk assessment.?

Term Definition \

Natural hazard A natural process or phenomenon that may cause loss of life, injury or other

4 AS/NZS ISO 31000:2009

5 e.g. in the New Zealand Coastal Policy Statement (2010) and the Civil Defence Emergency Management
Act (2002).

6 Tonkin + Taylor Ltd, 2021. Otago Climate Change Risk Assessment. Prepared for Otago Regional
Council.

7 Clarke LB et al., 2021. Stocktake of Existing Risk Tolerance Frameworks. GNS Science Consultancy
Report 2021/71, October 2021.

8 Adapted from: Ministry of Civil Defence and Emergency Management, 2019. National Disaster Resilience
Strategy, Rautaki a-Motu Manawaroa Aitua
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health impacts, property damage, social
environmental degradation.

A serious disruption of the functioning of a community or a society at any scale
due to hazardous events interacting with conditions of exposure, vulnerability and
capacity, leading to one or more of the following: human, material, social,
cultural, economic and environmental losses and impacts

The potential loss of life, injury, or destroyed or damaged assets which could
occur to a system, society or a community in a specific period of time, determined
as a function of hazard, exposure, vulnerability and capacity

People, infrastructure, buildings, the economy, and other assets that are exposed
to a hazard

The conditions determined by physical, social, economic and environmental
factors or processes which increase the susceptibility of an individual, a
community, assets or systems to the impacts of hazards

The combination of all the strengths, attributes and resources available within an
organisation, community or society to manage and reduce disaster risks and
strengthen resilience

An assessment of the nature and extent of risk by analysing potential hazards and
evaluating existing conditions of exposure and vulnerability to determine likely
consequences

The risk that remains after risk treatment has been applied to reduce the
potential consequences.

and economic disruption or

Table 3: The risk classification matrix included in the proposed Otago Regional Policy Statement 2021

(PORPS).

Likelihood

Consequences

Insignificant Minor Moderate Catastrophic

Almost certain

Likely

Possible

Unlikely

Rare

Green, Acceptable Risk: Yellow, Tolerable Risk: Red, Significant Risk
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Vulnerabili SOCIOECONOMIC
CLIMATE ity St
Natural Socioeconomic
Variability Pathways
RISK Adaptation and
Mitigation
Anthropogenic Actions
Climate Change
Governance

EMISSIONS
and Land-use Change

Figure 1: lllustration of the concepts of risk and vulnerability to climate change. (IPCC, 2014).°

PROGRAMME OBJECTIVES

[23] High-level objectives have been developed for the risk assessment work programme,
these are:
1. To work towards a comprehensive, regional-scale, spatial understanding of

[24]

[25]

Otago’s natural hazards and risks.
Consistent assessment and prioritisation of risk management or adaptation
responses between areas.

The usage of risk assessment findings could include;

Informing requirements of the Otago RPS, where local authorities must “assess
the level of natural hazard risk in their region or district” and “continue to
undertake research on the identification of natural hazard risk and amend natural
hazard registers, databases, regional and/or district plans as required.”*°
Identification and prioritisation of higher-risk locations for natural hazards risk
management or adaptation responses. This will assist ORC and territorial
authorities to prioritise allocation of resources towards project areas, and may
include identification of potentially ‘significant’ risks where ORC should work with
TA’s to further assess risk characteristics.

Identification of data gaps or limitations in existing regional natural hazards
information, assisting with planning for completion of further studies to continue
to build ORC’s hazards understanding.

In simple terms, the programme findings are intended to provide answers to questions
such as;

What are the top-10 natural hazard risk areas in the region?

What might be the highest natural hazard risk areas in the region in 100 years?
Why is ORC focusing resources on development of an adaptation plan for
area?

9 IPCC, 2014. Fifth Assessment Report, Working Group 2. Chapter 19, Figure 19-1.
10 RPS method HAZ-NH-M2, page 168
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. In what locations should ORC be planning for establishment of our next
adaptation work programme(s)?

. How many people (or houses/schools etc.) in the region are located within flood-
prone areas (or potentially active alluvial fans, or liquefaction-prone ground etc.)?

. How many people (or houses/schools) in the region are located within a specific

elevation of sea level, and therefore vulnerable to sea level rise impacts?

PROGRAMME APPROACH

[26]

[27]

(28]

The phased approach to the risk assessment programme is outlined in Table 4.

Assessments will consider those natural hazard types where ORC holds regional-scale
hazard mapping, and use the statistical areas defined by Statistics New Zealand!! to
provide a consistent spatial breakdown of the region.

Phases 1-3 are an initial hazards exposure analysis and risk screening, planned to be
completed by end of the 2023 calendar year as a peer-reviewed technical report
detailing all analysis and findings.

Table 4: Summary of the natural hazards risk assessment approach for the Otago region.

Phase Description Purpose \
Preparation Programme planning, collation and Ensure all relevant information is

review of natural hazard and elements-at- = available for consideration.
risk datasets.

1 Regional-scale natural hazards exposure Initial exposure analysis to understand
analysis spatial distribution of natural hazard,
and elements-at-risk to those hazards.
2 Preliminary regional-scale risk analysis. An initial screening to identify risk

characteristics and spatial distribution
for each hazard type.

3 Multi-hazard, analytical risk-based Develop a combined multi-hazard risk
assessment of community areas. characterisation for each community
area.
4 Prioritisation assessment based on both Develop a prioritised list of higher-risk
analytical and subjective factors. This step = community areas for potential
would be end of risk assessment phase. development of a risk management or
adaptation programme.
5 Targeted natural hazard risk analysis for Development of additional natural
higher-risk community areas. hazard risk understanding as first step of
a risk management or adaptation
programme.

Natural Hazard Risk Prioritisation (Phase 4)

[29]

(30]

ORC manages natural hazard impacts through undertaking natural hazard management
or adaptation work programmes. ORC has programmes underway or identified, to
develop natural hazards management or adaptation strategies for a number of locations
within Otago.

These programmes either focus on a response to single types of natural hazard (e.g.
Roxburgh, Middlemarch, Water of Leith and Lindsay Creek), or more complex multi-

11 Stats NZ, 2017. Statistical standard for geographic areas 2018.
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(31]

(32]

[33]

hazard environments (e.g., South Dunedin,'? Balclutha & the Clutha Delta, Head of Lake
Wakatipu3).

A risk-based prioritisation approach will allow ORC to systematically identify and define
key projects and allocation of work within the overall Natural Hazards work programme.

To identify a subset of ‘significant’ risk locations as higher priority for natural hazard risk
management and adaptation action planning, prioritisation must be based on a
combination of factors.

These factors are expected to include both ‘technical’ factors (such as risk
characteristics), but also external factors which may influence the success of any
potential work programme (such as opportunities to collaborate with a TA or
community group).

DISCUSSION

(34]

(35]

(36]

[37]

(38]

[39]

[40]

The natural hazards risk assessment programme described in this paper will be a
valuable addition to the understanding of natural hazards and risks in the Otago region.

Because hazard and risk understanding is continually growing in response to hazard
events, research and hazard investigations, any risk assessment findings will not ever be
a complete or ‘final’ classification or prioritisation of risks.

These risk assessments are intended only as a preliminary stocktake of risk
understanding, which will require review and revision in future iterations of the risk
assessment.

The prioritisation approach described will inform ORC’s natural hazard risk management
and adaptation planning and implementation.

As for the risk assessment, any prioritisation will not be a definitive ‘final’ listing, and will
require review/revision as necessary, for example to consider new hazard/risk
information, the occurrence of major hazards events, or new opportunities for
collaboration.

Natural hazards risk management or adaptation responses could be relatively small-
scale (e.g., investigation of immediate or shorter-term hazard management
interventions), or establishment of a comprehensive hazard risk management or
adaptation project.

A significant investment and resourcing is required for establishment and completion of
a comprehensive adaptation work programme (time, funding, consultant expertise,
community engagement), so it is only possible to undertake a small number of these
work programmes at one time.

CONSIDERATIONS
Strategic Framework and Policy Considerations

12 hitps://www.dunedin.govt.nz/council/council-projects/south-dunedin-future

13 https://www.orc.govt.nz/managing-our-environment/natural-hazards/head-of-lake-wakatipu
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[41] The natural hazards risk assessment work programme discussed in this paper reflects
Council’s Strategic Directions where our vision states: communities that are resilient in
the face of natural hazards, climate change and other risks.

Financial Considerations
[42] The project is included in the ORC 2021-31 Long Term Plan with funding of $150,000
(excluding staff time) in the 2023/24 financial year.

Significance and Engagement Considerations
[43] This paper does not trigger ORC’s policy on Significance and Engagement.

Legislative and Risk Considerations

[44] The natural hazard risk assessment work programme will help ORC to understand and
manage the risks associated with natural hazards in the region, required by legislation
such as the Civil Defence Emergency Management Act!* and the Resource Management
Act.P

[45] The likely reforms of the Resource Management Act and strengthening of provisions to
do with local authority leadership for climate change adaptation are noted.

Climate Change Considerations

[46] Climate change is an important consideration in assessment of natural hazard risks,
particularly for those hazards expected to be impacted by projected changes to
hydrological (e.g., rainfall, river flows) or coastal (e.g., sea level) characteristics.

[47]  This risk assessment programme will complement and build on the findings of the Otago
Climate Change Risk Assessment (OCCRA).1®

Communications Considerations
(48] Risk assessment findings will be documented in a technical report and made available to
the public, territorial authorities and other stakeholders.

[49] Findings will be specifically communicated to the relevant territorial authorities and
those communities identified as being higher-risk locations.

NEXT STEPS
[50] The ORC Natural Hazards team will continue with natural hazard risk analysis and
reporting for this programme, following the approach presented in Table 4.

[51] As specified in the LTP, the first iteration of the risk assessment and prioritisation
approach will be completed by June 2024.

ATTACHMENTS
Nil

14 Section 17 of the CDEMA (2002) states that a function of a Civil Defence membership group is to
identify, assess, and manage natural hazards and risks.

5 The management of significant risks from natural hazards is included as a matter of national importance
in the RMA (Section 6(h).

6 Gore E & Payan J, 2021. Otago Climate Change Risk Assessment. ORC report HAZ2101, report to the
1st March 2021 meeting of the Otago Regional Council Data and Information Committee.
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