‘ Water

Waimea Community Dam: Dam
Break Analysis

WWL Update

Waimea Water Ltd

Document No: WD.1368

Report: 26 November 2020
Maps: September 2020

Revision Date Produced By | Checked By Revision History
Rev A 14/05/2020 AS For Peer Review
RevB 9/06/2020 AS IL Review comments incorporated
Rev C 26/11/2020 RG IL For emergency planning




‘ Waimea Community Dam: Dam Break Analysis
Water Waimea Water Ltd

EXECUTIVE SUMMARY

In 2009 Tonkin and Taylor (T&T) completed an initial dam break analysis in the project feasibility
stage of the Waimea Community Dam project. The primary purpose of the 2009 study was to aid in
classifying the dam for preliminary design. In 2012 T&T published further breach mapping for
resource consent reporting.

This report describes an updated assessment conducted by Waimea Water Ltd (WWL) in 2020. This
updated analysis is a consent requirement to support development of the Emergency Action Plan
(EAP) and a condition of financing with Crown Irrigation Investments Ltd (CIIL). The primary purposes
of this 2020 study were to:

e review previous results

e update the hydraulic modelling to meet new (2015) guidelines

e incorporate the detailed design

e include the latest ground terrain and coverage data

e provide both rainy and sunny day scenarios for emergency management planning

Downstream flooding in a breach closely follows the Lee, lower Wairoa and Waimea River paths. This
includes the north and eastern parts of Brightwater township. The flood reaches the sea in an area
between Redwood and Swamp Road. These extents are very similar to the reports produced by T&T
in 2009 (Stage 2 for feasibility), then also in 2012 (Stage 3 for resource consent).

The existing maps prepared by T&T were, therefore, sufficient for use in the temporary Construction
Emergency Action Plan (CEAP), but could now be replaced by the more detailed mapping in this
report. The upcoming operational EAP should use these updated inundation maps and arrival times
for a current assessment.

The information presented in this assessment does not in any way reflect upon the structural
integrity or likelihood of failure of the Waimea Dam, but rather the consequences of the failure
should an unexpected event occur.
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TECHNICAL SUMMARY

Credible failure modes for the dam were analysed to develop the dam breach scenarios as outlined
in the NZ Dam Safety Guidelines (NZSOLD, 2015). Failure modes identified in the Stage 4 Design
Report (T&T, 2018) were used to develop primary breach scenarios. Two of these were critical and
are shown in the table below. Rainy day flood scenarios are added to represent a worst-case failure
as outlined in the NZ guidelines.

The HEC-RAS hydraulic modelling suite was used at all stages of the breach assessment. Breach
parameters were estimated, and then a one-dimensional analysis used to determine the outflow
hydrographs for each scenario. The peak outflows are shown below.

Breach Scenario Peak breach outflow
Sunny day failure due to an unexpected event such as an earthquake. 11,600 m3/s
Rainy day failure where flood conditions cause overtopping of the dam. 16,900 m3/s

A two-dimensional flow mesh was developed in HEC-RAS to model the downstream breach flood
wave. The downstream catchment model was developed using LiDAR topographic survey data and
river and stop bank centrelines. The different scenarios were simulated by altering the boundary
conditions depending on the breach outflow and tributary flood conditions. Results from the 2D
simulation provided information on the inundation extent, depth, velocity and timing of the breach
flood wave. Inundation maps were developed for further use in emergency planning.

The updated analysis for the sunny day scenario shows a marginally smaller flooding extent than the
previous 2009 T&T assessment due to updated assumptions and modelling methods

The updated analysis for the rainy day scenario shows a very similar extent to those displayed in the
draft EAP that was prepared by T&T in 2012.

Emergency planning should use these two scenarios as follows:

e The “rainy day” scenario is the worst flooding extent and has slightly shorter flood wave
arrival times. This should be the primary scenario for emergency planning. Note that in this
scenario there is likely to have already been an emergency response initiated for the natural
underlying flooding.

e The “sunny day” scenario is less likely to have prior warnings and evacuations. This should be
the scenario used to target educational campaigns and self-evacuation triggers for those
residents in short warning time areas.
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1. INTRODUCTION
1.1 Background

The Waimea Community Dam is a storage dam located in the upper Lee River catchment, currently
in the construction phase of the project. The purpose of the dam is to provide water storage for a
long-term irrigation and community supply for the Waimea Basin region. Further reservoir and dam
details are outlined in Section 1.2.

The purpose of a dam break analysis is to identify potential consequences of failure to assist with
emergency planning and preparedness (NZSOLD, 2015). The assessment produces dam break flood
inundation maps critical for emergency planning to prepare for an unlikely future dam failure event.
In 2009, Tonkin and Taylor Ltd conducted an initial dam break analysis in the project feasibility stage
of design. Since then, updated NZ guidelines have been published and changes to the original design
have been made. A current model for the dam break analysis is required to consider all necessary
scenarios outlined in the NZ Dam Safety Guidelines, review and update the T&T study findings, and
develop current flood maps for use in the emergency action plan.

This report will discuss:

e The scope and methodology of this assessment

e The required data that was collected and assumptions made

e Development of dam breach scenarios from credible failure modes

e Description of the model build to find breach outflow hydrographs and comparison of
results with previous assessments

e Description of model build for the downstream flood wave and discussion of assumptions,
calibrations, changes and results

e Final inundation mapping and arrival time information for use in future emergency planning

The information presented in this assessment does not in any way reflect upon the structural
integrity or likelihood of failure of the Waimea Dam, but rather the consequences of the failure
should an unexpected event occur.

1.2 Dam and Reservoir Details

The Waimea Community Dam construction project is located in the upper Lee River catchment, a
tributary of the Waimea River. The structure is situated approximately 300 m upstream of the
Anslow Creek confluence with the Lee River. When full, the reservoir will extend approximately 4 km
upstream of the dam with a surface area of approximately 65 hectares. Investigations have shown
that this will give the reservoir a volume of approximately 13 million m® when at the normal
operating level of RL 197.2 m. The reservoir layout is shown in Figure 1-1.

WD.1368 6
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Figure 1-1: Reservoir and dam site layout.

The dam is designed as a gravel fill dam and will have a concrete upstream face. The dam will be
approximately 53 m tall as existing ground sits around RL 148.25 m and the embankment crest
planned at RL 201.53 m. The base of the dam plinth sits at RL 155.1 m and the parapet wall will
extend higher than the crest to RL 203.13 m. With the reservoir under normal operating conditions
the water level will sit at RL 197.2 m. This water level could reach up to 202.53 m in probable
maximum flood (PMF) conditions of 1094 m3/s, which is approximately three times the 1:100 year
flood (375 m3/s).

WD.1368 7
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Downstream of the dam the Lee River runs into the Wairoa River and emerges from the Wairoa
Gorge, approximately 13 km past the dam. The river then passes under the State Highway 6 bridge
near Brightwater, which is the primary populated area at risk from dam breach flooding. The Wairoa
River joins the Wai-iti River downstream of Brightwater to form the Waimea River. This river then
travels some 4.5 km downstream, under the Coastal Highway SH60 bridge, towards the river mouth.
The reservoir, dam and terrain were modelled with reference to the NZVD2016 vertical datum.

WD.1368
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2. SCOPE OF ASSESSMENT

2.1 Level of assessment

The NZ Dam Safety Guidelines (NZSOLD, 2015), discuss the process of a dam break analysis and the
different levels of assessment and detail that can be considered. Three levels of assessment are
identified that depend on the anticipated level of consequence for a dam failure. The three possible
levels of detail are as follows.

e Initial Assessment — Analysis to estimate the magnitude of a potential dam break flood
based on readily available data and existing knowledge. Such assessment should be
completed conservatively and may identify uncertainties that must be investigated in
further, more detailed assessments.

e Intermediate Assessment — Requires a more quantitative assessment of the flood and its
consequences. Should include estimation of dam breach parameters to greater detail, the
predicted inundation extent, population at risk and level of possible damage and disruption.
Further assessment may be required if the assessed hazard potential lies on the borderline.

e Comprehensive Assessment — Typically required for dams with high impact consequences,
and requiring, therefore, detailed output of consequences for emergency planning and risk
reduction measures. The assessment requires the identification and consideration of
potential failure modes, dam-break flood routing, mapping of flood inundation, and
evaluation of peak flood depths, velocities, time of arrival and inundation duration.

The initial Tonkin and Taylor breach assessment concluded that the potential impact of the project
was classified as ‘High’ (T&T, 2009) With this information, as well as the requirement to develop
accurate maps for emergency planning, it was determined that a comprehensive assessment of dam
failure was required.

In a comprehensive assessment, the credible dam failure modes must be considered to determine
the critical scenarios. NZ Dam Safety Guidelines (2015) refer to using the Failure Modes and Effects
Assessment (FMEA) to inform the dam breach scenarios, as discussed in Section 4. The NZ Dam
Safety Guidelines outline that two primary hydrological scenarios arise from possible failure modes,
and these must be considered for analysis. The first is a ‘sunny day’ failure, where failure occurs
under dry weather conditions due to either an initiating event or a defective/deteriorating condition
of a dam structure. The second is a ‘rainy day’ failure, where failure occurs under wet weather
conditions and the impounded reservoir is in a flood event which initiates dam failure.

The T&T assessment assumed the flood failure scenario to not be credible, reasoning that the
spillway is designed to withstand such conditions (T&T, 2009). This assumption cannot be made as
possible flood failure modes have been identified in the FMEA, and therefore must be considered in
design (FMEA, 2018). It is also important that the flood maps for use in the EAP represent a worst-
case scenario, which highlights the need for a rainy-day case. In the updated model all possible
failure modes were considered to develop a range of scenarios to find a conservative worst-case
model and follow the NZ Dam Safety Guidelines. The potential failure modes identified in the FMEA
are outlined in Section 4.1. Three breach scenarios were identified from the potential failure modes:

e Sunny day failure due to an unexpected event such as an earthquake.
e Rainy day failure where flood conditions cause overtopping of the dam.
e Rainy day failure where flood conditions cause piping failure at base of dam.

This scenario development process is further outlined in section 4.

WD.1368 9
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2.2 Methodology
The process for the dam breach analysis was made up of five stages.

i. Data collection: Reviewing available information required for analysis.

ii. Dam breach outflow: Estimated the dam breach parameters, geometry, and
development rate to construct outflow hydrographs for the considered scenarios. This
was done using a one-dimensional unsteady HEC-RAS model.

iii. Downstream flood wave: Routing the dam breach outflow on its downstream flood path
to the sea. Model flood depth and velocity to develop inundation maps for the failure

scenarios.

iv. Comparison of results: Using historic flood data and previous analysis results to assess
model stability and accuracy and verify updated scenario findings.

V. Flood mapping of each breach scenario for use in emergency planning.

Another important difference from the T&T study was that their analysis focused on the dam hazard
assessment, and therefore only considered incremental hazards. This was done to categorize the
potential impact of the project. Only incremental flood depths of above 0.5 m were used for the
2009 hazard assessment.

This updated dam break analysis serves the purpose of providing the inundation maps for the EAP,
requiring, therefore, all range of flood depths be considered in the model.

WD.1368 10
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3. DATA COLLECTION

A comprehensive dam break assessment requires accurate project information, including
downstream topography, catchment and reservoir hydrology, dam design information and hydraulic
structures in flood path. Most of this data was readily available as it was required for other stages of
design. The following section describes the collection of data for these topics.

3.1 Reservoir data

In a breach model the reservoir is defined as a storage elevation curve related to the storage
properties. The storage elevation curve for the Waimea Community Dam reservoir was defined by
Tonkin and Taylor when investigating the feasibility of the proposed reservoir (T&T, 2019). This
storage elevation curve does not account for reservoir changes due to the use of alluvial gravels in
design, overburden disposal in the reservoir, or changes over time due to sedimentation. The
storage curve for the Waimea Dam is shown in Figure 3-1.
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Figure 3-1: Storage elevation curve for Waimea Dam reservoir.

Catchment hydrology was required to define the inflow levels for flood failure scenarios. Catchment
geometries, flood hydrographs, and spillway routing hydrographs were all collected for use in the
assessment. This was done using flood hydrology data from the T&T design. Probable Maximum
Precipitation (PMP) for the site were determined in the original feasibility study (T&T, 2009). This
data was updated for factors not considered during stage 3 of design, however the resulting changes
were negligible (T&T, 2019). The analysis was reviewed and determined to be an accurate
representation with no significant changes since. Therefore, the PMF inflow hydrograph was taken
from the feasibility data and is shown in Figure 3-2 (T&T, 2019).

WD.1368 11
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Figure 3-2: Inflow hydrograph for Lee reservoir catchment in PMF.

3.2 Topographic Data

AAM New Zealand captured LiDAR data of the region for the Tasman District Council. This data is
readily available through the LINZ data service website. Information of the Waimea plains area was
collected in 2015 and updated information of the Lee Dam area in 2017. The LiDAR survey points
had a pulse density of 2 pulses/square meter, a vertical accuracy of +0.12 m and a horizontal
accuracy of £1.00 m. The data used the NZVD2016 vertical datum and NZTM2000 coordinate
projection. The extent of the LiDAR coverage is shown in Figure 3-3.

Figure 3-3: Extent of LiDAR coverage used in assessment.

WD.1368 12
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The LiDAR data was formatted as a digital elevation model (DEM) with 1 m grid spacing as shown.
The complete DEM for the downstream flow area from the dam was constructed by stitching
together the separate LiDAR data sets. This was done for use as a terrain in the HEC-RAS program.

3.3 Dam Design

Information regarding the structural design of the dam was collected to assist in parameterising the
breach characteristics. Both Tonkin and Taylor drawings and updated DamWatch drawings were
reviewed to determine dam dimensions, characteristics, and possible failure modes. The spillway
design was incorporated into the model defined by a spillway rating curve. The spillway rating curve
was defined by Tonkin and Taylor and compared against various theoretical equations (T&T, 2019).
This rating curve was based on the original spillway design with a 42 m crest length and central
bridge pier. This design has since been updated to incorporate an ogee weir with 45 m crest length
and no bridge pier. This design change has negligible effect on the peak breach outflow hydrograph
for each of the rainy day failure scenarios for the dam and on any resultant flooding downstream.
The rating curve for the Waimea Dam spillway is shown in Figure 3-4.
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Figure 3-4: Spillway rating curve for Waimea Community Dam.
3.4 Hydraulic Structures

Hydraulic structures are structures that are situated in the flood area that have the potential to
divert, disrupt or otherwise affect the flood flow. These structures, such as bridges and culverts, are
important to consider in dam failure assessments. The two primary assets identified downstream of
the Waimea Community Dam were the bridges that cross the river for State Highways 6 and 60.
Design drawings for these bridges were provided by WSP Opus for use in the breach assessment.

WD.1368 13
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4. DAM FAILURE SCENARIOS

The NZ Dam Safety Guidelines outline that the failure scenarios are developed with comprehensive
knowledge of the credible failure modes to assess the nature of breach development and
hydrological conditions. Potential failure modes are pathways which may lead to structural failure of
the dam, triggered by either deteriorating or defective conditions within the structure, or an
external event. A complete range of possible conditions must be considered to identify these modes
of failure and determine if they are credible. The credible scenarios must then be used to construct

several breach scenarios that represent the consequences of the identified failures.

4.1 Potential Failure Modes

Potential failure modes for the Waimea Community Dam were identified in a Failure Modes and
Effects Analysis (FMEA) workshop between Waimea Water and contractors in early 2018 (Fulton
Hogan, Taylors, WWL, TDC, Opus, DamWatch, T&T, WSP, Mott Macdonald, GHD). A list of possible
failure modes and their credibility was identified, those failures related to a complete dam break
failure are shown in Table 4-1 (FMEA, 2018). The modes that were seen to be ‘credible’ were used to
develop the breach scenarios.

Table 4-1: Identified failure modes relating to a dam break.

FMEA ID Initiating Potential Failure Mechanism | Worst case possible Credible
Hazard impact on structure
FMO01 Normal Major defect in dam facing Could end up with failure Yes
Operation leading to sufficient flow in worst case with
through dam fill. Internal associated downstream
erosion of embankment damages.
leading to dam failure.
FMO02 Normal Fault in foundation rock Could end with dam Yes
Operation leading to severe leakage and | failure and associated
internal erosion of dam. downstream damages.
FMO05 Normal Dam failure due to sabotage Complete Dam failure. No, size of
Operation such as use of explosives to explosives
cause sufficient damage. unrealistic.

FMO06 Earthquake Deformation of crest to below | Erosion of dam fill causing | Yes

FMO07 water level leading to complete dam failure.
overtopping of dam.

FMO08 Earthquake Overtopping of dam from Erosion of dam fill leads to | Yes
earthquake generated wave complete dam failure.

(landslide into reservoir)

FMQ9 Earthquake Displacement of dam Seepage causing erosion Yes
foundation or abutment rock of dam fill leading to
leading to major seepage complete dam failure.
through foundations.

FM10 Earthquake Liquefaction leads to Overtopping causes No, Rockfill
deformation of dam, causing erosion of dam fill and graded to
overtopping. resultant failure. ensure not

liquefiable.

WD.1368
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FM13 Flood Overtopping of dam due to Erosion of dam fill leading | Yes
flood and partial blockage of to dam failure.
spillway.
- Flood Structural failure of dam Erosion of dam fill leads to | Yes

footing due to hydraulic loads | piping failure of dam.
and/or defect. Causes
seepage through dam fill.

This table represents only a portion of the failure modes identified in the workshop. Some
possibilities were omitted as they do not cause a complete dam failure or represent similar
conditions to other specified modes.

4.2 Credible Failure Scenarios

Due to the similarity of conditions identified in multiple of the failure modes, the credible modes
were sorted into three main breach scenarios that meet the NZ Dam Safety Guidelines.

The first scenario represents a “sunny-day” failure, and is described as follows:

1. Reservoir at full supply level under normal operating conditions
> Failure of concrete/membrane face. Either due to seismic shaking, a construction
defect or long-term degradation. Worst case when failure occurs at base of dam.
» Leads to internal erosion of embankment behind failure, piping failure of the
embankment occurs.
» Volume of water from full supply level to breach base is released.

This scenario represents the failure modes FM01, FM02 or FMO09. Each of these modes identifies the
risk of internal erosion due to a sunny-day event. Piping at the base of dam represents a worst case
for design.

The next two scenarios represent “rainy-day” failure under flood conditions. There were multiple
credible flood failure modes that have been simplified into two different breach scenarios.

2. Reservoir reaches PMF flood level with spillway routing PMF downstream.
> Failure of parapet wall/spillway that causes water to overtop the dam crest.
> Flow over dam crest erodes dam as overtopping failure.
» Volume of water from PMF level to breach base is released.

This potential scenario is informed by failure mode FM13 in the FMEA, where rainy day event leads
to blockage of the spillway which in turn causes the dam to overtop.

3. Reservoir reaches PMF flood level with spillway routing PMF downstream.
> Failure of concrete/ membrane face at base of dam due to increased hydraulic
pressure, construction defect or long-term degradation.
> Seepage through embankment causes internal erosion and piping failure
occurs.
» Volume of water from PMF level to breach base is released.

Although not identified as a credible scenario in the FMEA, this failure scenario is a conservative
check case to ensure that the worst combination of hydrologic and hydraulic conditions have been
considered. It also enables a useful comparison between piping and overtopping breaches.

WD.1368 15
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4.3 Summary of scenarios

While not all identified failure modes are directly considered, the hydrological conditions identified
cover the worst case for the range of different mechanisms. A summary of the failure scenarios and
corresponding failure modes for previous analyses is shown in Table 4-2.

The assessed dam breach was located above the tallest part of the dam for all three scenarios. This
was to give an idea for the worst possible dam breach with the largest volume of water released.

Table 4-2: Summary of breach scenarios and failure modes used in each analysis.

Assessment | By Scenarios Corresponding Failure Mode(s)
2009 Tonkin & Taylor Sunny Day Not specified
2012 Tonkin and Taylor Rainy Day Not Specified
2020 Waimea Water Sunny Day Piping FMO1
FMO02
FMO09
Rainy Day Induced Piping Conservative check case
Rainy Day Induced Overtopping | FM13

WD.1368 16
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5. DAM BREACH OUTFLOW

The downstream flood wave created in a failure event is primarily dependent on the outflow
hydrograph developed during a breach. These hydrographs were developed in a HEC-RAS unsteady
breach simulation. The model required the dam breach parameters and characteristics as inputs for
simulation. The HEC-RAS program applies a parametric linear breach model that requires inputs of
maximum breach bottom width, breach slide slopes and development time. This assumes a
trapezoidal breach shape.

5.1 Dam Breach Parameters

The dam breach parameters important in design are the breach area, shape, and progression time.
These breach parameters were estimated using knowledge of the dam’s design, potential failure
modes and use of various parametric equations. A summary of the dam dimensions is shown in
Table 5-1.

Table 5-1: Summary of dam dimensions used in model.

Scenario Crest Reservoir | Dam Dam Dam Reservoir
Level (m level at crest upstream | downstream | storage
RSL)* failure (m | width slope slope volume at
RSL) (m) failure
(Mm3)
Sunny day — | 201.53 197.2 6 1:1.5 1:1.5 13.02
Piping
Failure
Rainy Day — | 201.53 202.53 6 1:1.5 1:1.5 16.61
Piping
Failure
Rainy day — | 201.53 202.53 6 1:1.5 1:1.5 16.61
Overtopping
Failure

Iparapet wall crest level at 203.13 for required freeboard.

As discussed, the worst position for a dam breach to occur is with the breach centred over the
highest part of the dam with the development base at the foot of the dam. This corresponds with
the greatest water depth and largest breach area for the failure. This breach position was adopted in
the T&T report and the same logic will be used in this assessment. T&T took the base elevation of
the breach to be at RL 150 m. With updated designs of the dam, and assuming failure will occur at
the base of the plinth, a new breach bottom elevation of 155.1 m was used. This was one of the
prominent changes made in the updated assessment.

The breach parametric equations are summarized by Wahl (Wahl, 1998). These parameter equations
are based on a large number of historic failures of earth and rockfill dams. Newer regression models
such as Froehlich 2008 and Xu and Zhang 2009 were also used in this assessment. The different
formulas provide a range of values for the breach widths, side slopes and development times. The
range for the parameters was estimated using three of the regression equations; Froehlich 1995,
Froehlich 2008 and Xu and Zhang 2009. The range of values and the final selected values for these
parameters are shown in Table 5-2. The breach parameters adopted in this design were taken from

WD.1368 17



Waimea Community Dam: Dam Break Analysis

4 Water Waimea Water Ltd

the conservative side of these ranges. The regression equations can also be used to calculate
approximate breach side slopes. However, it was decided that the excavated slope dictates the
breach slope on the one side of the hypothetical dam breach.

Table 5-2: Range of dam breach parameters found using regression equations.

Breach Breach Maximum | Breach Development | Breach Base Predicted Peak
scenario Invert Breach Time, tr Width, Bw Breach
Level Depth? Outflows
P Range Value Range | Value
(hrs) taken (m) Taken | (m3/s)
(hrs) (m)

Sunny day — | 155.1 42.1 0.44-0.6 | 0.5 13-48 | 50 7,200 - 11,900
Piping
Failure
Rainy Day — | 155.1 47.43 0.49-0.6 | 0.5 18-45 | 50 9,800 - 15,400
Piping
Failure
Rainy day — | 155.1 47.43 0.49-0.6 | 0.5 37-61 | 50 9,800 - 21,500
Overtopping
Failure

1Breach invert level is relative to reservoir level at the time of breach initiation.

The T&T assessment developed a breach area based on the dam design and used the parametric
equations to verify if it was suitable. The right side of the formed breach was assumed to form
against the exposed right-hand abutment at a slope of 1.3H:1V. The bottom breach width was
assumed to occupy the entire valley bottom with a width of 50 m. The left side of the breach was
then assumed to be freestanding with a slope of 1H:1V. The same approach was adopted for the
updated analysis, changing only the breach base elevation from RL 150 m to the plinth base at RL
155.1 m. This was changed to represent the more likely failure location of the dam. When comparing
this area with that estimated using the parametric equations, the breach size is conservative but
reasonable. The base breach width is larger than the predicted range in two of the scenarios, and
within the range for the third. This shows the breach area adopted is larger than what is likely to
occur. A sensitivity analysis was conducted to identify the effects of adopting a smaller base width.
These showed that a lower breach flow would be seen, showing that the approach taken here is
conservative. The proposed breach shape for the updated analysis is shown in Figure 5-1.
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Figure 5-1: Updated breach area for dam break assessment (not to scale).

Regarding the breach formation times, the different approaches give varying times between 0.4 and
0.6 hours. The T&T assessment predicted a larger range and analysed the breach using three
different formation times: 0.5 hours, 0.9 hours and 1.5 hours. This was done to analyse inundation
sensitivity to this breach time. The 0.5-hour development time was found to lead to the worst
flooding and was, therefore, conservatively used for the flood maps. This is to be expected as a
higher peak flow rate will be released from the dam. In this updated assessment only a 0.5-hour
development time was used as fits the calculated range and the conservative T&T case.

5.2 Model Build

The discharge hydrographs for the dam breach were found using the HEC-RAS modelling package.
HEC-RAS is a program developed by the U.S Army Corps of Engineers (USACE) Hydrologic
Engineering Centre (HEC). To simulate the dam breach scenarios, a one-dimensional unsteady flow
analysis was run in the HEC-RAS program.

5.2.1 Model Geometry

The upstream reservoir of the dam was defined using the storage elevation curve shown in Figure
3-1. The river immediately downstream of the dam was added as a one-dimensional reach with
defined cross-sections. Cross-sectional data for the river was found by taking multiple profile lines of
the Lee Valley LiDAR data. Intermediate cross sections were found by interpolating between the
LiDAR profiles. The purpose of the intermediate sections was to decrease spacing to stabilise the
model. The dam was added in as an inline structure with the correct dimensions and properties. The
dam spillway was put in to define the alternative flow path when the reservoir fills above normal
operating level. The spillway was represented using the rating curve shown in Figure 3-4.

5.2.2 Model Boundary Conditions

The one-dimensional dam break model had two boundary conditions and an initial condition. The
upstream boundary represents the reservoir inflow from the catchment, the downstream condition
routes water out of the defined geometry, and the initial condition defines the reservoir condition at
the initial time step. These conditions were dependent on the hydrological conditions of failure.

In the sunny day failure case, the reservoir was assumed to initially be at normal operating level,
197.2 m. The upstream boundary condition was set to a minimal, constant inflow to that would be
present in the absence of any flood flow. In the rainy-day cases, the reservoir will be in flood
conditions. This consists of a probable maximum flood (PMF) reservoir inflow as the upstream
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boundary, and resultant spillway outflow routed through the inline structure. The hydrograph for
this PMF inflow is shown in Figure 3-2. The initial reservoir level was set to normal operating level.
The inflow causes the water level in the reservoir to increase up to the PMF flood level at 202.53 m,
where the dam is set to breach. A summary of the scenario water levels, dam breach characteristics
and failure modes are shown in Table 5-2. The downstream boundary condition was set to a normal
depth dependent on the slope of the river. The slope was estimated using LiDAR data and adapted
until the downstream water profile appeared stable. This boundary condition was the same for all
three scenarios.

5.3 Dam breach hydrographs

The breach was simulated using a one-dimensional unsteady flow simulation for each scenario. With
the boundary conditions and breach parameters defined, the dam was set to breach in the discussed
fashion and time. For the sunny-day scenario, the failure mode was set to piping at the plinth base
with the breach forming at the start of the simulation. For the rainy-day cases, one failure was set to
base piping, and one overtopping. The dam was then set to fail as soon as the flood caused the
reservoir level to reach the PMF level.

Sensitivity and stability tests were conducted to investigate the effects of changing time steps and
section spacings. It was determined that a time step of 1 second and a cross-section spacing of 20 m
was sufficient for a stable breach model. Figure 5-2 shows the resultant breach outflow hydrograph
for the sunny-day scenario, and Figure 5-3 the rainy-day scenarios.
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Figure 5-2: Breach outflow hydrograph for sunny day scenario.
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Figure 5-3: Breach outflow hydrograph for rainy day scenarios.

In the rainy-day breach scenarios, the breach hydrograph is superimposed on top of the PMF
hydrograph that will be present during the event. The double peak observed in the piping failure
cases is due to HEC-RAS computing a flow increase when the breach goes from pressure flow (during
piping failure) to open channel flow (when the top of the pipe caves in). The increase and resultant
peak flow were assumed to be correct. In addition, sensitivity tests showed smoothening out of the
double peaks had negligible effect on resultant flooding. It should be recognised that this effect is
only due to HEC-RAS computational methods and in reality may not be present. Regardless, it
provides a good approximation of real breach flows.

5.4 Comparison of results

Observations from the outflow hydrographs show that the flood cases will produce a larger peak
flow than the sunny day case. This is to be expected with a larger volume of water released on top of
the existing spillway outflow. This highlights the importance of considering the flood flow case for a
conservative emergency plan.

To calibrate the breach model, the T&T breach parameters were used, and model variables adapted
to match the resultant hydrographs. This involved calibrating breach constants and progressions.
The final model variables were then used with the new parameters to form the final outflow
hydrographs. Figure 5-4 compares the updated sunny day scenario hydrographs with the T&T model.
The lower peak flow is due to the higher breach base in the updated design.

WD.1368 21



‘ Water

16000
14000
12000
10000
8000
6000
4000
2000

Discharge (m3/s)

12:00

12:30 13:00

Time

Waimea Community Dam: Dam Break Analysis
Waimea Water Ltd

= \WWHL updated breach

T&T exisiting breach

13:30 14:00

Figure 5-4: Comparison of existing and updated sunny-day breach outflows.

The outflow hydrographs were compared with historical dam failure data to determine if the

outflows found are feasible. This comparison is shown in Figure 5-5. This shows that the results sit
on the upper side of the range of historical failures, showing that the assumptions made in model
design are conservative.
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Figure 5-5: Comparison of predicted peak breach flows with historical failure data.

5.5 Selected breach scenarios to progress to inundation mapping

The sunny day breach hydrograph is consistent with earlier modelling and sits on the conservative
side of the range of historical failures. This breach scenario was therefore progressed to flood

mapping.

Of the two rainy day scenarios, the overtopping scenario is the critical (worse) case. It similarly sits at
the conservative end of the historical range. The rainy day (overtopping) scenario was therefore
progressed to breach mapping. The rainy day (piping) scenario is not considered further.
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6. DOWNSTREAM FLOOD WAVE

The downstream flood wave for the Waimea Community Dam breach was also modelled using the
HEC-RAS modelling suite, this time using a two-dimensional unsteady flow analysis. A 2D flow area
was used across the whole terrain model, from the dam structure down to the mouth of the
Waimea River near Rabbit Island. This purely 2D representation of the flow area is a different
approach to that taken in the original T&T assessment. Tonkin and Taylor used the DHI Mike Flood
modelling suite with a combined 1D (Mike 11) and 2D (Mike 21) approach. The one-dimensional
analysis was used to model the river channel and steep valley region, with the two-dimensional
analysis for the flood plain surfaces. This approach was presumably used to reduce the simulation
time for the model and involved developing river cross sections from LiDAR data. This means the
cross-sectional representation of the river is no more accurate than a 2D terrain model. The decision
to use an exclusively 2D flow area in this analysis was made because technological improvement,
and specifically computational power, since the original assessment has decreased the required
simulation time. The 2D approach may also provide a more accurate description of the valley
section. Both approaches should give the same results if setup correctly.

The HEC-RAS model was used to determine the flow characteristics for the entire downstream
region. The dam breach flood wave depth, velocity, flow and extent were determined throughout
the two-dimensional flow region.

6.1 Model Build

The terrain data for the flood area was developed using LiDAR data as detailed in Section 3.2. A
complete digital elevation model (DEM) of the area was then developed by stitching together the
available LiDAR data sets. In a 2D HEC-RAS flow areas it is important that the cell sizes account for
the presence of stop banks and river centrelines. This was achieved by importing LINZ data for stop
bank and river centrelines and adapting them to accurately match the DEM. These geometries were
added into the model as break lines to enforce the computation of these features. A grid spacing of
10 m was used in the model which was determined to provide a sufficient number of computational
points to maintain a stable and efficient simulation.

Several profile lines were established along the flood route to observe the changing flow and arrival
times. The defined profiles lines, river chainages and locations are shown in Table 6-1.

Table 6-1: Defined profiles along river downstream of Waimea Community Dam.

River Chainage from Dam Site Location River

0 Waimea Community Dam Lee River
2910 Lucy Creek confluence

9220 Fairdale

12720 Wairoa River confluence Wairoa River
16470 SH6 bridge at Brightwater

20330 Wai-iti River confluence Waimea River
24220 SH60 bridge
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6.2 Boundary and Initial Conditions

The upstream boundary condition for the flow area represented the dam breach outflow from the
Waimea Community Dam. To model this input, the boundary was set to the hydrograph from the
dam breach results.

The downstream boundary at the Waimea River mouth was set to the tidal conditions in the area.
The worst flooding extent at the coast will occur if the flood wave meets high tide conditions. This
boundary was, therefore, set to a constant stage representing the high tide in the area. This provides
a conservative estimate for the downstream boundary. The MHWS high tide level for Nelson was
found to be 4.26 m (LINZ, 2019). This was then converted to the model terrain datum for use in the
simulation, this was found to be 1.67 m (NZVD 2016).

Inflow boundaries were added into the model for the significant tributaries along the river. These
were used to represent the flood flow from other catchments that will be present in the ‘rainy day’
breach scenarios. Due to their proximity to the Lee catchment, the Wairoa and Roding River
catchments were assumed to have a concurrent PMF event with the Lee. The Wai-iti River
catchment is a significant distance away, and therefore assumed to have a smaller 1/100-year event
during the flood. The hydrographs for these events were estimated by scaling the Lee River PMF
hydrograph using the following equation (McKerchar and Pearson, 1989).

« (C atchment Area, )0'8
2™ \Catchment Area,

Q1=

The calculated tributary flood flow hydrographs that were used in the model are shown in Figure
6-1. These hydrographs are approximations of possible flooding during a flood failure dam breach
and do not represent an actual event.
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Figure 6-1: Waimea River tributary flood flows for use in PMF dam breach case.

For the sunny-day event, the flow conditions were assumed to be at a median level, which is
represented in the river surface of the LiDAR data. So, as the conditions are already accounted for in
the terrain, all tributary inflows were set to zero. A summary of the tributary inflow conditions for
each scenario is shown in Table 6-2.
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Table 6-2: Tributary inflow conditions for each breach scenario.
Scenario Wairoa Inflow Roding Inflow Wai-iti Inflow
Sunny day — Piping | No additional No additional No additional
Failure Inflow Inflow Inflow
Rainy day — Scaled PMF Scaled PMF Scaled 100 yr
S"_Trtopp'”g Peak =1751m3%/s | Peak=1217m3/s | Peak =525 m¥/s
ailure

6.3 Resistance

Suitable roughness coefficients were determined for the varying vegetation covers along the flow
area. A literature review of variation in roughness was conducted to investigate the range of possible
values. Table 6-3 shows typical roughness (Manning’s n) coefficients for different land cover types as
outlined by Engineers Australia. It should be noted that manning’s n varies with flow depth,
however, these values are suitable for flow depths of at least 1-2 m which is present in the dam
breach cases (Chow, 1949, Henderson, 1966).

Table 6-3: Valid Manning's 'n' ranges for different land covers (Engineers Australia, 2012).

Land Use Type Manning’s ‘n’

Residential areas — high density 0.2-0.5
Residential areas- low density 0.1-0.2
Industrial/commercial 0.2-0.5
Open pervious areas, minimal vegetation (grassed) 0.03 -0.05
Open pervious areas, moderate vegetation (shrubs) 0.05-0.07
Open pervious areas, thick vegetation (trees) 0.07-0.12
Waterways/channels — minimal vegetation 0.02-0.04
Waterways/channels — vegetated 0.04-0.1
Concrete lined channels 0.015-0.02
Paved roads/car park/driveways 0.02-0.03
Lakes (no emergent vegetation) 0.015-0.35
Wetlands (emergent vegetation) 0.05-0.08
Estuaries/Oceans 0.02-0.04

There is a large degree of uncertainty involved in accurately defining the highly variable terrain, so
the land was separated into three different cover types. The river channel, floodplain and roading. A
summary of the assigned Manning’s ‘n’ values is displayed in Table 6-4. These were incorporated
into the flow model by creating a land cover assigned to the developed 2D geometry. It was noted
that some areas of the floodplain are made up of pasture (grassed) areas rather than moderate
vegetation. These areas would be better described with a manning’s ‘n’ of approximately 0.04. A
sensitivity test was carried out to assess the effect of using the lower value for the entire floodplain.
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The change from 0.06 to 0.04 for the floodplain showed negligible difference in inundation or arrival
times. It was therefore concluded that describing the grassy pastures with a separate manning’s area
would make negligible difference to results.

Table 6-4: Assigned roughness coefficients for model land cover.

Area Description Assigned Manning’s ‘n’
Wairoa/Waimea River Channel Gravel bed river channel 0.030
Waimea River floodplains Floodplain with moderate vegetation, 0.060

large number of orchards

Roading Road surface in region (chip seal) 0.016

The T&T assessment conducted a sensitivity test to investigate the use of a variable or constant
roughness coefficient. Small differences in flooding extent were observed, and the constant case
taken as a more conservative choice. In this assessment, the variable case better represents the land
cover in question. The variable roughness land cover was, therefore, used in the terrain model.

6.4 Calibration and testing

The performance of the flow model was assessed by comparing and calibrating the results against
existing data. A historical flood was investigated to determine if the model was behaving in a similar
capacity to real flooding. The results were also compared with the Tonkin and Taylor assessment to
review their findings and ensure the model was working in a similar way, despite the difference in
assumptions and software.

6.4.1 Historical flooding extents

In January 1986 there was a large flood in the Waimea River. This flood is the largest recorded flood
since continuous monitoring of the river began in 1957. The peak flow recorded at the Wairoa Gorge
flow gauging station was 1466 m3/s. The flooding extents were estimated by the Tasman District
Council and are shown in Figure 6-2. Note that the flooding shown at the Aniseed Valley Rd Haycock
Rd junction, as well as in the Richmond area, is due to related to storm runoff of local creeks and
watercourses rather than flooding from the Waimea River.
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Figure 6-2: January 1986 flooding extent (TDC).

The 1986 peak flow conditions were simulated through the model flow area to calibrate results. This
was done by scaling the Lee PMF to the recorded peak historic flow. This method is an estimation
but aims to present if the computational flooding patterns are reasonable in comparison to the real
flooding. As shown in Figure 6-3, the patterns computed were similar to the TDC recorded flooding
extents, reinforcing the model’s accuracy. Further calibration using this comparison was determined
impractical as the flows from a dam break are likely much larger than those experienced due to
flooding. The historic results do not, therefore, represent the conditions present in a dam breach
flow. There is also limited data available, restricting the reliability of such calibration.
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Figure 6-3: Comparison of true flooding extent with that found using model for historic flood.
6.4.2 Sensitivity/stability

Numerous sensitivity tests were carried out to investigate different approaches used in the model.
The objective was to determine the most efficient way to maintain accuracy and stability, whilst
exploring the effects of different variables.

Changes to the model time step were investigated to assure model stability. To maintain stable
results the courant number during simulation must stay below 1. This is to ensure convergence
during the iterative cycles. The courant number calculations for the two flow equations are shown in
equations (1) and (2). Keeping the cell size in the mesh constant, this was achieved by reducing the
time step. Testing showed a time step of dt=1s resulted in a stable solution when using the diffusion
equation, and a time step of dt=0.2s for the full-momentum equation.

C = e <1 (Full momentum equation) (D
VAT
C = e <2 (Diffusionwave equation) 2)

When using the HEC-RAS 2D suite there is an option to use the diffusion wave equation or full-
momentum equation. The diffusion wave equation is a simplified solution that provides a more
stable model. Alternatively, the full-momentum equation gives more accurate results but requires a
smaller computational interval to run in a stable manner (Brunner, 2016). The HEC-RAS 2D user
manual recommends the approach of using the diffusion wave equation when developing the model
and troubleshooting. However, the diffusion wave computation is not valid for highly dynamic flood
waves such as a dam breach flood. Hence, when a stable model is constructed, the computational
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method should be switched to the full-momentum equation option (Brunner, 2016). This method
was used in this assessment with all future model using the full-momentum equations.

The model was also tested for its sensitivity against a changing theta value. The theta value is the
implicit weighting factor that is used to weight spatial derivatives between the current solution
timeline and previously computed timeline. A theta value of 1.0 gives the most stable solution with a
possible sacrifice in accuracy. A theta value of 0.6 may have increased accuracy at the cost of
decreased stability. The model was tested with a theta value of 1.0 and 0.7 to ensure the flooding
extent was not sensitive to this change. In this test the difference in flooding depths and extents was
negligible. This verifies the stability of the model and accuracy of results found.

6.4.3 Effect of hydraulic structures

The flow in a river is affected by any hydraulic structures along its path. This includes common
structures such as bridges. Debris flow in a flood event can build up around structures and restrict
the flow. Structures can also be completely wiped out by extreme forces. There are two main
bridges along the Waimea Dam flood route; the State Highway 6 bridge through Brightwater, and
the State Highway 60 bridge along the coast. To assess the effect of these bridges on the flooding
extent, two critical cases were considered. The case where the bridge has no effect on flow (bridge
wiped out or flow restriction negligible), and the case where the bridge is completely blocked by
debris and blocks flow completely. In the second case a backwater is created increasing flood depths
upstream of the bridge. The flow is then forced on an alternative path which can increase the
flooding extent in the vicinity of the blocked structure. This effect is shown in Figure 6-4.

Previous flow path under bridge
and through river channel.
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Figure 6-4: Alternate flooding caused as bridge blockage at SH60 forces flow around abutments.
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Figure 6-5: Flood wave depth at SH6. 50 mins post breach (left) and maximum (right).

e SH6 Bridge Brightwater — Flood flow creates backwater and increased depth of around 1-1.4
m upstream of bridge. Flow paths created around left and right abutment as shown in left of
Figure 6-5, however, the extent of flooding does not change as the breach wave overtops
banks at this bridge regardless of bridge blockage. Flood depths increase from 0 m to 0.6 m
in immediately surrounding area.

e SH60 Coastal Highway bridge — Backwater effect increasing depths by around 1.2 m
upstream of bridge. Flood flows around left and right abutments directly to coast, increasing
the extent of flooding in the area as shown in Figure 6-4. This alternative flow path is
displayed in flooding extent maps.

The nature of this alternative flood routing is unlikely, so the case with no flow restriction is used for
the flood mapping. However, the potential overland flow path due to bridge blockage is shown on
each map.

6.5 Mapping and Results

The HEC-RAS flood model was used to determine the inundation extents and flood characteristics for
each of the defined hypothetical dam break scenarios.

Hydrographs were developed for each of the defined profile lines described in Table 6-1, these are
shown in Figure 6-6 and Figure 6-7. The dissipation of energy as the wave propagates downstream is
illustrated in these hydrographs. The arrival time to the first and maximum flood are also
represented.

Note that the rainy-day scenario hydrographs are difficult to interpret due to the inclusion of
tributary river flows. The addition of flow at river confluences means the flow at each profile is
dependent on more than just the breach outflow, therefore time series data will be sensitive to
changes in flood timings and intensities in surrounding catchments.
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Figure 6-6: Flow attenuation for sunny-day scenario.
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Figure 6-7: Flow attenuation for rainy-day overtopping scenario.

Figure 6-8 and Figure 6-9 show the inundation extents for each scenario. The rainy-day condition
with an overtopping failure mode is shown to have the largest flooding extent.

The flooding extent for the sunny-day failure scenario is shown in Figure 6-8. Highlighted in this map
is the potential overland flow path due to bridge blockage, and the unknown flood area due to
undefined terrain.
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Figure 6-8: Flooding extent for sunny-day scenario.
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The inundation map for the rainy-day scenario with overtopping failure is shown in Figure 6-9. As
discussed, there was no additional flooding due to bridge blockage in this scenario.
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Figure 6-9: Flooding extent for the rainy-day induced overtopping scenario.
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6.6 Comparison of Inundation

The flood mapping results were compared with previous Tonkin and Taylor results to observe
changes incurred from updating the model. The sunny-day scenario results can be compared directly
with the T&T assessment, as shown in Figure 6-10.
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Figure 6-10: Comparison of sunny-day scenario inundation between updated WWL assessment
(left) and previous T&T assessment (right).
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A rainy-day case was not identified in the 2009 T&T report, however, a rainy-day flooding extent
map was added in the draft EAP that was prepared by T&T in 2012. This is assumed to have been
developed from the original Tonkin and Taylor dam break model. The failure modes, breach
parameters and assumptions for this model are not known, but the flood depths can be compared to
show developments this assessment has made. This comparison is displayed in Figure 6-11.
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Figure 6-11: Comparison of rainy-day overtopping flood with results from draft EAP.

Comparison between the inundation maps shows that the updated model produced a very similar
flooding pattern to the previous T&T assessment. Accurate comparisons between the two results are
difficult without access to the original T&T result files. Instead, comparisons must be purely visual
between map images. Flooding extent can be seen to cover a very similar area in the updated

model. However, the Tonkin and Taylor inundation map only includes depths over 0.5 m, so the
actual extent of inundation will be larger than depicted. The flood depths are also slightly shallower
across the flood plains in the updated model. These results were expected due to the lower peak
flood flow that was found in the breach outflow stage of the assessment. Changes in model
assumptions such as roughness values, difference in hydraulic modelling programs and use of
updated LiDAR datasets would have also contributed to changes in the inundation maps.
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6.7 Extent of flooding on Waimea Estuary

The model boundary was set off the mouth of the Waimea River so that tidal effects could be
considered in the modelling. The modelled flow depths at the boundary are a good match to the tide
levels at the main flow paths, indicating that water ‘exits’ the model in balance. Flows that exit the
model still in reality need to exit the estuary itself though through one of the channels. The increase
in flow depths in these channels is likely to be small, but for completeness the possible influence
area has been hatched on the flood maps. The hatch boundary is set to the LINZ estuary coastline to
indicate that the expected impact is contained to the estuary.

6.8 Arrival Times

Model arrival times are an important result from the analysis as they are vital for emergency
planning. Arrival time information gives an insight to the required warning and evacuation time in a
dam break emergency. An understanding for the arrival times can be gained from the hydrographs
shown in Figures 6-6 to 6-8. A summary of the arrival time model data is shown in Table 6-5. Times
are rounded down to the nearest 5 minutes. Rainy-day scenario times represent the time for the
dam breach flood wave to arrive, not the initial flood flow wave.

Table 6-5: Arrival times for breach flood wave at downstream locations.

River Location Sunny-Day Scenario Rainy-Day Scenario
Chainage (Piping Failure) (Overtopping Failure)
(m) Time for Time for Time for Time for
first flood | peak water | first flood peak
wave to depth to wave to water
arrive occur arrive depth to
occur
0 Dam Site T=0 min - T=0 min
2910 Lucy Creek +15 min +30 min + 10 min +25 min
Confluence
8220 Fairdale +30 min +40 min +20 min +35 min
12720 Wairoa River +45 min +60 min +35 min +55 min
Confluence
16470 SH6 Bridge +60 min +85 min +45 min +70 min
Brightwater
20330 Wai-iti River +75 min +120 min +65 min +90 min
confluence
24220 SH60 Coastal +100 min +150 min +80 min +105 min
Highway
bridge
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Figure 6-12: Inundation at different times post sunny-day dam breach.
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The arrival times were compared against the Tonkin and Taylor results to investigate any differences
in assessment. The comparison of sunny-day scenario results is shown in Table 6-6.

Table 6-6: Comparison of previous assessment arrival times.

River Location WWL Sunny-Day Scenario T&T Sunny-Day Scenario
Chai
( ?lnage Time for Time for Time for Time for
m
first flood peak water | first flood peak water
wave to depth to wave to depth to
arrive occur arrive occur
0 Dam Site T=0 min - T=0 min -
2910 Lucy Creek +15 min +30 min +8 min +23 min
Confluence
8220 Fairdale +30 min +40 min +16 min +27 min
12720 Wairoa River +45 min +60 min +19 min +33 min
Confluence
16470 SH6 Bridge +60 min +85 min +31 min +47 min
Brightwater
20330 Wai-iti River +75 min +120 min +46 min +74 min
confluence
24220 SH60 Coastal +100 min +150 min +68 min +102 min
Highway
bridge

The updated assessment found significantly longer arrival times than the previous assessment. Due
to the magnitude of these changes, it is unlikely to be due to the difference in land cover
assumptions. They are likely a result of the different approaches used to model the downstream
narrow valley. The previous assessment used a 1D MIKE11 description whilst the updated
assessment used a 2D HEC-RAS model with a grid size of 10 m. When comparing the travel times
beyond the narrow valley they are shown to be much closer, suggesting the difference in valley
description was the main cause of difference. The Tonkin and Taylor model times to the SH6 bridge
appear more realistic than the updated model. It was hence decided to use these times for
emergency planning, adopting the shorter travel time is also a more conservative approach. The
arrival times recommended for emergency planning are shown in Table 6-7 and set as follows:

e The T&T travel times were adopted for the sunny day scenario.

e For the rainy-day scenario, the original times were used for the narrow valley section of the
flood, then flooding along the basin was adapted using results from the updated HEC-RAS
assessment.

The final adopted arrival times for each scenario are shown in Table 6-7 rounded to five minute
intervals.
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Table 6-7: Final flood wave arrival times.
River Location Sunny-Day Scenario Rainy-Day Scenario
Chainage (Piping Failure) (Overtopping Failure)
(m) Time for Time for Time for Time for
first flood | peak water | first flood peak
wave to depth to wave to water
arrive occur arrive depth to
occur
0 Dam Site T=0 min - T=0 min
2910 Lucy Creek +10 min +25 min +10 min +25 min
Confluence
8220 Fairdale +15 min +30 min +15 min +30 min
12720 Wairoa River | +20 min +35 min +20 min +35 min
Confluence
16470 SH6 Bridge +30 min +50 min +30 min +50 min
Brightwater
20330 Wai-iti River +45 min +75 min +45 min +70 min
confluence
24220 SH60 Coastal | +70 min +100 min +60 min +85 min
Highway
bridge

6.9 Flooding Across Key Infrastructure

The dam break flood will have significant effects on the use and operation of critical infrastructure
downstream. The dam break model can be used to estimate which assets will be affected and how
long this effect will last. It is important to consider that the HEC-RAS flow model does not account
for functioning stormwater systems. In addition, water infiltration into the ground has not been
investigated in this assessment, therefore is cannot be incorporated accurately. These simplifications
result in an overestimate for the flood residence time, so these inundation effects are a worst case.

6.9.1 Roading

Any dam breach event will have significant effect on site access and transportation downstream. In
all considered breach scenarios, there will be significant portions of the Lee River Road and site
access road inundated. In the sunny-day breach case the road along the valley will only be flooded
during the dam breach flood wave for around 20 — 60 minutes. Flood depths on the road vary greatly
depending on road elevation but get up to as high as 8 m in low lying sections of road such as by the
Lee Valley Reserve. In the rainy-day case, portions of the Lee Valley road will become flooded under
PMF conditions, so before the dam breach. This means access via the road will be impossible even
before the dam breach begins to develop. The model shows flood depths on the road by the Lee
Valley Reserve as high as 4 m before the breach, this then increasing to up to 14 m during the dam
break flood. These results show that in any breach or extreme flood scenario new methods to access
site must be used.
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Another key network found to be affected by the breach flood is roading in the Brightwater
township. In all breach scenarios the flood will overtop the banks surrounding the SH6 bridge at
Brightwater causing the highway and surrounding residential streets to become impassable. In the
sunny day assessment SH6 was found to flood roughly 70 minutes post breach. The flood depths
were shown to reach up to 1.5 m high on the SH6 and subside after approximately 60-80 minutes. In
the rainy-day case the SH6 road was found to flood in PMF conditions before the breach. At this
stage depths of up to 1.5 m were observed, this increasing up to 2.8 m when the breach flood wave
hits. Due to the extended time period of the precipitation flood events, the length of inundation
time lasted until the end of the simulation. This indicated that information on infiltration and
drainage would be required to properly estimate this residence time. None of the cases showed the
river flow overtopping the SH6 bridge.

The second critical roading asset encountered by the flood wave is the SH60 bridge towards the river
mouth. In the sunny-day scenario the breach flood wave was seen to not overtop the surrounding
stop banks or inundate the coastal highway. For the flood failure scenarios, the flood was observed
to begin inundating the road as the breach flood wave arrived. Flood depths were found to reach up
to 1.5 m along the coastal highway in this simulation. This will result in a loss of access between
Richmond and all townships North-of the Waimea River. In all scenarios the SH60 bridge was not
overtopping, with flood flows primarily around the abutments and floodplains.

6.9.2 Water and Wastewater

The Waimea borefield and Waimea Water Treatment Plant are within the inundation zone at the
northern end of Lower Queen Street.

The Nelson-Tasman Regional Sewerage Treatment Plant on Bell Island is on the edge of the
inundation zone. Access to the plant will be limited and it is possible that the rainy day event at high
tide may result in some flooding of the plant or oxidation ponds.
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7. CONCLUSION

The purpose of this dam break analysis was to review the previous assessment and update any
assumptions, details and scenarios to meet new guidelines, designs and consents.

To complete a comprehensive breach assessment, the potential failure modes of the dam were
considered to develop dam breach scenarios. These breach scenarios were modelled in a HEC-RAS
one dimensional analysis to find the resultant breach outflow from failure. The two worst case
outflow flood waves were then routed downstream in a HEC-RAS two-dimensional analysis to
determine the extent and characteristics of the inundation. This method was used to develop
inundation maps and arrival time information for both scenarios. Sensitivity testing was conducted
to compare the effect of changing roughness, analysis equation, weighting factor and hydraulic
structure flow restrictions. These variables were then adapted to create a conservative but accurate
model.

Model results were compared and calibrated against historical flood data and previous assessments
and found to be a good match. Investigations into bridge blockage effects outline the possibility of
an additional flood path around bridge abutments and increase in backwater depth upstream of
bridge. The ‘rainy-day’ flood flow breach results show a worst-case scenario in terms of flood extent.
Results were compared to the flood mapping in the 2012 T&T draft EAP and seen to be very similar.
Detailed inundation results for these scenarios were developed.

Although a dam breach remains highly unlikely, these worst case inundation maps should be used
for emergency planning.
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APPENDIX A. DAM BREAK INUNDATION MAPS FOR WAIMEA COMMUNITY DAM
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DAMWATCH

ENGINEERING BEYOND THE SURFACE

24 November 2020

Mr lain Lonie

Engineering and Project Manager
Waimea Water Limited

14 Oxford St

Richmond 7020

Dear lain

Waimea Community Dam: Dam Break Analysis Report — Revision C

| have reviewed Revision C of the Waimea Community Dam: Dam Break Analysis Report and
confirm that the peer review comments on the draft report contained in the Damwatch
Engineering Design Memorandum No. 48 dated 4 June 2020 and in my subsequent email of 22
September 2020 have been satisfactorily addressed.

The report and the accompanying dam-break flood inundation maps are suitable in my view to

take out for community consultation.

Yours sincerely,

Dr M G Webby
Principal Hydraulic Engineer

@ 6443811300 @ +64 43811301 DAMWATCH ENGINEERING \G
@ Level 3, 88 The Terrace, PO Box 1549, Wellington 6140, New Zealand www.damwatch.co.nz 1z




