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Contact Energy has engaged AECOM to undertake a hydraulic modelling study investigating potential
consequences that could result from a failure of the Lake Hawea Control Dam. This report and accompanying
fiood maps document the results. A previous dam break siudy was undertaken in 1990, but in the last twenty
years lhere has been significant development around Wanaka town requiring updated flood maps.

Potential Fallure Scenarios and Breach Paramelers

Two possible failure scenarios have been modelled; an earthquake induced piping failure under normal operating
and inflow conditions (termed the ‘sunny day event') and a piping failure induced by high lake levels following a
Probable Maximum Flood (PMF) event in the catchment (termed the ‘rainy day event’).

A sunny day faillure scenario was modelled in the 1990 study and has been repeated in this siudy using the same
breach parameters. These being a single failure of the east dam only with a base breach width of 30m and
breach invert of RL 326.00m. The siarting water level was RL 348,00m, which is the maximum nomal operating
level.

A rainy day event was considered because the of New Zealand Sodiety on Large Dams (NZSOLD) guideline
requrement to model both fair weather and design flood scenarios. For the Hawea Dam the design flood is the
PMF. The most recent PMF siudy for the Clutha catchment (Opus 2000} suggests that following a PMF event the
level of Lake Hawea would be higher than the dam core for more than ten days. A piping failure was modelled
with the same breach dimensions as the sunny day event, but with a starting lake level of RL 350.24m.

An analysis of a failure of the Gladstone Gap stopbank was oulside the scope of this work and is not considered
in this sludy. A Gladsione Gap failure event has previous been modelled by Opus (2007).

Breach Qutflows

The peak breach outflow from Lake Hawea was estimaled to be 14,500ms and 21,300m%s for the sunny and
rainy day failure events respeclively. Because of the very large volume of water stored in Lake Hawea the breach
discharge would continue for several weeks with the outflow gradually reducing as the lake [evel dropped until the
lake was fully drawn down lo a water level of RL 326.00m.

Flood Wave Hydraulic Modelling

The dam breach and downstream flood wave have been medelled simultaneously using HEC-RAS (version
4.1.0). Because of the deeply entrenched nature of the Hawea and Clutha Rivers a one-dimensional modelling
approach was appropriate.

The model was develeped using cross seclions of the Clutha River supplied by Contact. These seclions are a
mix of ground survey for the river channel and LIDAR survey for the floodplain. The Hawea River was
represenied in the model using cross sections extracled from LIDAR data supplied by Conlact,

Lakes Hawea, Wanaka and Dunstan were all represented using level-pool storage nodes. The Hawea and Clyde
Dams were included in the model with stage-discharge curves based on Contact's Clutha flood rules.

Sensitivity Analyses

A wide range of sensilivity analyses were conducted {o test the effects on the initial breach discharge and the
downstream flood wave propagation. The peak discharge was found 1o be insensilive to changes in breach
formation time, with formation times ranging between 30mins and 3hrs giving a change of less than 2%. The
model is not sensitive to breach formalion time because of the large storage volume and the time regquired to draw
down the lake.

Both the sunny and rainy day models were run with a starting waler level of RL 277.20m in Lake Wanaka. Thisis
the median lake level for the period 1930-2007 (Opus 2009) and results in minimal inundation through Wanaka
town. For a rany day event it is likely that Lake Wanaka would have a higher initial level so a model was also run
with a 100yr AR slarling leve! of RL 280.87m. This gives a peak lake level of RL 283.45m and significantly
increases the inundation and damage through Wanaka town. Peak flcod levels also increase in Albert Town.

The model did not include any allowance for sediment or debris transport, instead a sensitivity analysis was run
using higher Manning's n values. Using a coefficient of 0.060 for both the floodplain and the channel decreases
peak discharge by approximately 4% and increases peak waler levels by an average 4% (with a range -2.2% to
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+10%). The entrenched river channels mean this increased water level does not correspond to an increase in
flood extent.

The model uses the Clyde Dam as the downstream boundary wiih a discharge rule based on Contact’s Clutha
Aood rnules. With these operational rules the dam would be overlopped in both a sunny and rainy day evenl. A
sensilivity analysis considered an alternaiive scenario where the spillway gates are opened fully when water level
in Lake Dunstan exceeds RL 195.10m. This gives negligible reductions in peak water level and discharge for
both sunny and ralny day events.

Flood Inundation Extent

Although the Hawea River is deeply incised in ils upper reaches, the depth of flood water following a breach
means there would be some inundalion onto the Hawea Flats downstream of the Hawea oxidation ponds. The
bridge at Camp Hill Road would likely be destroyed by the inilial flood wave, 40mins after maximum breach
formation. With the constrained channel and the high peak discharge there would likely be severe bed and bank
erosion along the Hawea River.

Albert Town is located at the confluence of the Hawea and Clutha Rivers and would experience widespread
inundation and damage following a failure of Hawea Dam. The low lying area around the confluence would act as
a flood storage area and there would be negative flow up both the Clutha and Cardrona Rivers. The flocd peak
would arrive at Albert Town 2.50 hours after the initiation of a breach at Hawea with the peak water level occurring
1.50 hours later (4.00 hours after breach initiation). The SH6E bridge would likely be destroyed, either by the initial
flood wave or by erosion and slope instabllity on the south bank.

With an inilial water level of RL 277.20m in Lake Wanaka and a peak flood level of RL 286.65m (for the sunny day
event) in Abert Town, the normal flow direction would be reversed upstream of Albert Town. Walter would spill
inlo Lake Wanaka, which would experience a water leve! rise of 2.02m for the sunny day event and 2.98m for the
rainy day evenl. Lake Wanaka has a surface area of approximately 193km? and this large storage capacity
means the lake would acl as a flood detention basin following a breach of Hawea Dam. The peak inflow to the
lake is 4.076m%s during a sunny day event and 6,500m /s during a rainy day event.

The large slorage volume means the peak take level would nol accur for 3 days after a Hawea failure. When
flood lavelks in the Clutha begin the drop, Lake Wanaka would then discharge the flood water back into the Cluitha
River. This increases the tolal duratian of Lhe flood event downstream of Albert Town, but significantly attenuates
the peak discharge.

The sensitivity analyses show that if Lake Wanaka had a higher initial water level (close to the 100 year ARI of RL
280.87m) there would be exiensive inundation and damage through Wanaka town. The lake level rises by 2.58m
to a peak of RL 283.45m. Approximately 90 buildings, Including several hotels, numerous cafes and a
supermarket would all be inundated.

Downstream of Albert Town the peak flood discharge would be attenuaied by both the ponding through Abbert
Town and the negative flow upstream to Lake Wanaka. The Clutha River is deeply incised and the flood wave
would be conlained wilhin the channel. State Highway BA crosses the Clutha River at Luggate, approximately
30km downstream of the Hawea Dam and the bridge would likely be destroyed in both a sunny and rainy day
event.

The peak water levels in Lake Dunstan are conlrolled by discharge from the Clyde Dam. During a sunny day
event and assuming Contact’s flood rules were followed and the initial lake level was RL 194,00m, Lake Dunstan
would rise by 3.74m to a peak of RL 197.74m. The corresponding figures for a rainy day event are 5.59m and RL
199.59m. The crest level of Clyde Dam is RL 196.75m, but the dam has been designed to withstand overlopping
so0 a cascade failure & unikely

The populalion at risk (PAR) following a failure of Hawea Dam is estimated to be 2,040 for the sunny day event
and 2,280 for the rainy day event. If a rainy day event were to occur in coincidence with a high water level in Lake
Wanaka, the PAR could increase to 2,620.
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1.1 Overview

The primary objective of this study was to identify the potential mpacts and consequences of a flood wave in the
Hawea and Clutha Rivers resulting from a hypothetical failure of Lake Hawea Control Dam. This includes
analysis of both sunny day and rainy day failure events and produclion of detailed flood inundation maps.

A previous dam break study was undertaken in 1990, but in the last twenty years there has been significant
development in Wanaka and Albert Town requiring updated and more detailed flood maps.

1.2 Description of Dam and River Reach

The Hawea Lake Control Dam is a zoned earth fill dam blocking the outlet of Lake Hawea. The dam has a height
of 25m and is constructed in two parts, east and west separated by a central rock island. The east dam blocks
the original outlet channel and contains the outlet structure, which comprises four low level sluice gates each with
a maximum discharge capacity of 141m*/s (Worley, 1998), The west dam is smaller and blocks a diversion
channel that was used during construction of the dam.

Lake Hawea has an operating range of 8m with a normal maximum operating level of RL 346,00m. At this
elevation the lake has a siorage volume of 2,531Mm” and a surface area of approximately 149km”. Lake Hawea
is an old glacial lake and {he Hawea Dam is a shori extension of the long natural barrier formed by post glacial
action {Opus 2009).

In addilion lo the control dam a smaller siopbank has been construcled 3km to the east of the control dam. The
stopbank & known as the Gladstone Gap and has a crest elevation of RL 350.49m. The stopbank could be
deliberately breached during a large flood teo increase discharge from the lake and relieve pressure on the control
dam. A stopbank breach would inundate large sections of the Hawea flals and would only reduce the lake lavel lo
RL 349.00m (the minimum stopbark level). Table 1 gives the key parameters for the Hawea and Clyde Dams.

Table 1 Hawua and Clyds Dem Parameters

. Howeabam R
Dam type : we Earih fill Concrete gravity |
Dam height {m) 25 100 !
Dam crest level (m RL) 351.40 196,75 ’
Dam core level (m RL) 349.65 -

Minimum normal operating lake level (m RL} 338.00 193.50
Maximum normal operating lake level (m RL) 1 346.00 194.50
Storage volume at maximum operating level (Mm®?) 2,531 387

Design flood level (m RL}) 349.05 185.10

Downstream of the contral dam the Hawea River is deeply entrenched for most of its 14km length lo lhe
confluence with the Clutha River at Albert Town. The geology of the Hawea River is old fluviogtacial deposits that
could be susceptible to erasion during high large flood events.

The Clutha River drains from Lake Wanaka, Skm upstream of the Hawea confluence. Lake Wanaka has a
surface area of 193km? and live storage volume of 309Mm? at RL 277.0m. At RL 272.0m the lake outlet is only
3m higher than the channel bed at Albert Town.

Downstream of Albert Town the Clutha continues to be deeply entrenched as far as the confluence with the Lindis
River. Downsiream of the confiuence the river valley widens and the river has a wide braided bed. As the river
approaches Lake Dunstan there are several small islands in ihe river formed by sediment deposition at the head
of the lake.

M.’\AEHY\i-Projecls\Eozﬂaua APHY CON0D3 Hawea Dambreak\d. Drafl Docs'8.1 Reports\Hawea Leke Dam Break Reporl
FINAL doc
Revision - 30 Seplember 2091



AECOM Hawea Dam Break Updale 2
Hawea Leka Conlrol Dam

The Clutha River flows into the Clutha arm of Lake Dunstan, which is impounded behind the Clyde Dam. The
Clyde Dam is a 100m high concrete gravity dam and is located 94km downstream of the Hawea dam. The kake
has a 1.0m operaling range with a maximum normal operaling level of RL 194.50m and a total storage volume of
387Mm*.

1.3 Previous Studies

The previous Hawea dam break study was undertaken by Works Consultancy Services in 1990. The objective of
lhe study was to identify the impact of a failure of Hawea dam on Clyde Dam, which was under construction at the
time. The study considered a sunny day failure resuiling from an earthquake induced piping failure; a rainy day
failure was excluded from the analysis on the basis that the large storage volume in the lake meant it was very
unlikely the dam would be overtopped.

The 1990 study used the USBR DAMBRK software program to model the breach outflow hydrograph with the
downstream flood wave modelled using a waler balance approach.

The resuits of the 1990 study are summarised and compared to the resuits of this study in Section 6.7.

When assessing the potential consequences of a dam failure it is standard praciice, both within New Zealand and
worldwide to consider two hypothelical scenarios, which are often termed "sunny day” and "rainy day” failures.
The potential failure scenarios considered in this section refate specifically to embankment dams only.

Dam break modelling is standard practice for all dams and is undertaken for emergency planning purposes. Dam
break modelling is an analysis of a hypothelical event and is not indicative of any actual concems at Hawea Dam.
In New Zealand it is an NZSOLD requirement to delermine potential inundation areas for emergency planning
purposes.

A sunny day event represents a dam breach under normal flow and operaling conditions, which may occur as a
result of internal piping through the embankment, embankment inslability or leakage from internal siructures (e.g.
conduits through the struclure). These failure mechanisms could result from structural damage following seismic
events. Overtopping failures are typically not considered during a sunny day analysis but could oceur as a result
of prolonged blockage of ihe outlet structures.

A rainy day failure represents a dam breach resulling from a flood event, which would most likely occur due lo
overtopping of the sfructure either as a result of spillway blockage or lack of capacity. Flood events in excess of
the design event {for example, a probable maximum flood) are considered and failure Is modelled at the maximum
reservoir level.

The following sections discuss hypothetical sunny and rainy day failure mechanisms for the Hawea Dam.

21 Sunny Day Failure

Several potential sunny day failure scenarios were outlined in the 1990 study. These have been reviewed as part
of this study and are considered lo remain valid. They are summarised in the following paragraphs.

- Alarge earthquake reacfivating the Mt Maude slide, with the subsequent slide movement squeezing the
west part of the dam, cracking the dam fill and initiating a piping failure.

- Alarge nearby earthquake imposing a shearing action on the east part of the dam, cracking the dam fill and
initiating a piping faiture.

- An earthquake causing a rupture of the imrigation pipe running through the east part of the dam with the
internal seepage causing a piping failure. This scenario would require a high lake level to develop a serious
failure,

The 1990 study concluded that a piping failure through the east dam as a result of an earthquake would produce
the largest breach size and potenlially the most severe consequences. This hypolhesis i still valid and has been
used in this study as a sunny day failure mechanism.
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2.2 Rainy Day Failure

The 1880 study concluded that there is sufficient discharge capacity through the dam and storage capacity in the
lake that an overtopping failure had a lesser probability than a piping failure by an order of magnitude. On this
basis the 1990 study did not consider a rainy day failure event. However the NZSOLD guideline now requires that
a rainy day event is modelled.

The Clulha Hydro Dams PMF Update (Opus 2000) modelied a Probable Maximum Flood (PMF) event in the
Hawea catchment using three different starling lake levels. This confirmed that even with an initial lake level of
RL 346.00m (the normal maximum operating level) there is sufficient slorage volume in the lake that neither the
dam nor the Gladstone Gap stopbank would be overtopped. For the worst case scenario the lake level peaks at
RL 350.37m, which is 1.03m below the dam crest but 0.72m abaove |he core level. With the modelled lake level
remaining higher than the core level for al least ten days there is the possibility ihat a seepage induced faiure
could occur under PMF conditions.

The core level has a higher elevation than the rock island separating the east and west dams, so seepage
induced failure could occur on either side of the dam. A failure of both the east and west dams was not
considered, on the basis that both would not fail simultaneously and once one side of the dam failed the
downstream flood wave and increased lail water level would equalise the hydrosialic pressure on the remaining
dam, reducing the possibility of complele failure. As the east dam is the larger of the twe and would produce the
largest breach size (and hence the largest peak discharge), only a failure of the east dam was modelled.

A rainy day failure resulting from a PMF in the wider Clutha calchment was not considered because peak water
levels in Lake Hawea would not exceed core level.

3.0 Breach QOutflow Estimates

The dam breach and downsiream flood wave have been modelled simulianeously using HEC-RAS (version 4.1.0)
hydraulic modelling software. HEC-RAS is developed by the US Amny Corps of Engineers (USACE) and is a one-
dimensional hydraulic modelling package. The software has the capability to dynamically model both the dam
breach and the resulting downstream flood wave.

31 Breach Parameters

The breach paramelers have been considered with referance lo lhe 1990 study and published literature. Table 2
shows the breach paramelers estimated using equations from eight published studies referenced in USBR (1998),
all considering embankment dam failures, These parameters have been eslimated for a failure of the eastermn
dam following a rainy day event,

Both the sunny and rainy day events have been modelled as piping failures with the same maximumn breach
dimensions.

Tabla 2 Ralny Dsy Broach Paramalars {estimated from USBR Literatura}

i} . e ] A, M £
Average breach wath 8 {m} - 73 114 115 B3 275.44 166 68 76.41 - =
Upper breach width Bu, (M) - 9797 | 15521, 37T4BO| 22335 - - "
Lower breach width B rogn (M} - 4825 T6 44 17628 | 11201 - . -
Breaclh depth fa m 2537 2537 2537 2537 2537 2537 - -
Breach formation ime 1 hrs) 41 0.8 0.7 - 7.4 a1 - -
Volume ramaved v, m) 3.102.710 - - - - - . .
Sige slope ratio {1hxv} 200 100 100 a9 100 . - -
Peak discharge Q, (m’f) , . - 15586 | - . 18360 | 26.885

Of these, the key parameter in the case of Hawea Dam is the breach formation lime, which has a range from 42
minutes to 8 hours. Other parameters, such as maximum breach width and breach deplh are consirained by the
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geometry of the east dam, as shown on Figure 1. The minimum breach elevation of RL 326.00m is just above the
{op of the sluices. A bottom breach width of 30m was used.

The paramelers used in the modelling are shown in Table 3. The base case breach models use a breach
formation time of 1.0 hours, but a sensitivily analysis was also done using a range between 30mins and 3 hours

{see Section 5.1.1).

Table 3 Madolled Breach Parameters

3.2 Breach Outflow

The modelled breach hydrographs for both a sunny and rainy day failure are shown in Figure 2. The peak
discharge is 14,500m%s and 21,300m?%s for the sunny and rainy day events respectively,
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' Parameter e | | sunnyDay |RainyDay |
Initial Lake Level m RL 348.00 350.24 .
Peak Inflow to Lake m¥s 50 5,440
Failure Method Piping Piping
Time to Maximum Breach Formation hrs 1.0 1.0
Final Breach invert mRL 326.00 326.00 |
Initial Piping Elevation mRL 326.00 349.65
Figure 1 Fipal Breach Dimenslons, Hawea Dam (ooking downstream)
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Flgura 2 Modelled Breach Quitflow and Stege Hydrographs, Lake Hawaa
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4.1 Methodology

The hydraulic model has been built to include lakes Hawea, Wanaka and Dunstan with the three main river
reaches connecting them (the Hawea River, Clyde River upstream of Albert Town and Clyde River downstream of
Abert Town). The model was developed using GIS data and the HEC-GeoRAS extension. The extents of the
three takes, rver alignments, cross section locations and extenls and structure (Hawea and Clyde Dams and
Abbert Town bridge) locations were all created using HEC-GeoRAS and exported into HEC-RAS.

A Digital Terrain Model (DTM) of the Hawea and Clutha rivers was buili using LIDAR data supplied by Conlact.
This DTM was used to extract cross seclions of the Hawea River and to map the fiood extents.

The model was initially run without a dam breach for both the sunny and rainy day (PMF) events. These base
case model runs were used lo verify the modelling paramelers, particularty channel and floodplain friction
coefficients and boundary condilions (both external boundaries and internal conditions at structures).

Because of the inherent uncertainlies involved in dam break modelling, a {horough sensitivity analysis was
conducted for both the sunny and rainy day breach models, The model paramelers that were considered during
the sensitivity analysis included breach formation time, breach progression fype, hydraulic roughness (Manning's
n) and initial lake levels. A detailed discussion of the sensitivily analysis is provided in Section 5.0.

Fload inundation extents for the sunny and rainy day events were generated in Arc-GIS (version 9.3) using the
GIS based Hec-GeoRAS post-processing lools.

4141 Model Extents

The bounding exenis of the hydraulic medel are Lakes Hawea and Wanaka at the upsiream extents and the
Clyde Dam at the downsiream extenl. The extent of the model (including cross section locations) is shown in the
Figure in Appendix C.
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41.2 Topographic Data

The model was developed using a mix of surveyed cross sections and LiDAR survey. Cross sections for the
Clutha River between Lake Wanaka and Lake Dunstan were supplied by Confact and comprised surveyed
channel sections with floodplain extents represented using LiDAR survey. The channel and LiDAR survey was
supplied in DHI MIKE11 export format along with a cross section coordinate file so the cross seclions could be
geo-referenced in HEC-RAS. In loial 114 aross seclions were used to represent the Clutha River. A profile of the
Clutha River is shown in Figure 3

No channel survey was available for the Hawea River. The Hawea River cross sections use LIDAR survey only
and were created in GIS using the Hec-GeoRAS toois. The LIDAR survey was supplied by Conlact and was
flown in May 2009. Because no channel survey was available the Hawea River sections do notinclude any
elevation data below lhe water line on the day the LiDAR was flown. Given the large discharge and waler depths
resulling from a dam breach the lack of channel survey is not considered a significant issue with regard to the
modelled flood exients.

Figure 3 Upper Clutha Long Sectlon
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41.3 Structures

In addition; to the two dams (Hawea and Clyde) there are also three road bridges within the model extents. These
are the Camp Hill Road bridge crossing the Hawea River, the SHE bridge at Albert Town crossing the Clutha
River and the Church Road bridge at Luggate crossing the Clutha. All three of these bridges were visited during
the site visit and are summarised in Table 4.

The Camp Hill Road bridge k a dear span, single lane structure with a deck elevalion of RL 317.65m (estimated
fram the LIDAR survey). Clearance from the bridge soffit to the channel bed is estimaled to be approximately 7rm,
based on an approximate bed level of RL 310.40m (taken from NIWA gauging daia at the bridge). This bridge
was not included in the modelling as it is considered highly likely the bridge would be destroyed by the iniial flood
wave.

The SHE road bridge at Albert Town has four bridge piers (570mm diameter), a deck elevation of RL 279.80m and
a soffit elevation of RL 278,10m {structure depth 1.70m)}. The bridge has a clearance of approximately 7.20m to
the channel bed, however there is also an extensive floodplain on the left bank of the river and secondary flow
could be expected when water lovels exceed RL 277.00m. The bridge is located immediately upstream of the
Clutha-Hawea cenfluence and although the bridge would be overlopped during a breach, peak velocities would be
low. Therefore the bridge was included in the model using cross section data supplied by Contact.
MAAEHY11-Projects\60221308 APHY COMNOO3 Hawen Dambreak\s. Draft Docs\6, 4 Reports\Hawea Lake Dam Break Report

FINAL .doc
Revision - 30 Seplember 2011



AECOM Hawea Dam Break Updale 7
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The Church Road bridge at Luggate s a single lane truss structure. The bridge has two large diameler (estimated
1.0m+) piers, one adjacent to each bank. The bridge deck elevaiion is estimated 1o be RL 257.90m with a
clearance of approximately 8.0m (bolh estimated from the LIDAR survey). This bridge is located on a bend of the
Clutha River and there is a flow constriction. The bridge was not included in the modelling as it was considered
highly likely it would be desiroyed by the initial flood wave,

Table 4 Bridges on ihe Hawea and Clutha Rivers

. ~ | Distancefrom = Duck | Clearance to
- Siructure ‘Hawea Dam' Elevation _Channel
- | (km) AmRL Cinvert(m)
Hawea Camp Hill Road bridge 5 R 7.00 No
Clutha SH6E Albert Town bridge 15 B 7.20 Yes
Clutha Church Road bridge 29 : 8.00 No
414 Hydraulic Roughness

The model was inttially set up using roughness (Manning’s n) vaiues of 0.030 for the channel and 0.045 for the
floodplain. These values were used throughout the model and were modified during lhe calibration process.

The model does not explicitly account for sediment and debris that would be transporied during a dam break
flood. Insiead a sensitivity analysis was underiaken using a higher 0.060 roughness value (see Section 5.1.4).

4.2 Boundary Conditions

The boundary conditions for the sunny and rainy day models are discussed in the following sections and
summarised in Table 5.

Table 5 Inltlal boundary Conditions

~~  SunnyDayFailure [ =
. ___ Lake Level (mRL) = Inflow(m¥s) [ LakeLevel{(mRL) = inflow ~
Lake Hawea 346.00 50 350.24 307 |
Lake Wanaka 277.20 170 277.20 170 |
Lake Dunstan 194.00 220 194.00 220 |
4.21 Lake Hawea

Lake Hawea forms the upstream boundary of the Hawea reach of hydrautlic model and is represented using a
storage node upstream of the dam structure. The slorage volume was input as a stage-volume curve using
volumes obtained from the Electricity Authority NZ website (volumetric slorage dala sets prepared by Opus,
2010). This stage-storage data covers the [ake range RL 338.09m to 347.24m and was exirapolated lo RL
351.00m to match the dam crest level. Figure 4 shows the live storage volume and discharge curves for the lake
and control structure.

The Hawea control dam was included in the model as an inline structure with a cresl elevalion of RL 351,40m.
The geometry of ihe sluice gates was included in the representation of the dam, however for the dynamic model
runs discharge from the structure was controlled using a rule curve supplied by Contact in their Clutha Flood
Rules document. In the model this rule curve overwrites the gate operation rules.

For the sunny day model runs the initial lake level was set at RL 346.00m, This is the normal maximum operating
level of the lake and is the same initial condition as used in the 1990 study.

For the rainy day model runs the initial lake level was set at RL 350.24m. This was the peak lake level modelled
during the PMF (no breach) model runs and was read into the breach models using a restart file. This starting
level is discussed further in Section 4.3.1.

Inflows to Lake Hawea were set at a constant 50m¥s for the sunny day model runs. This is the same value as
used in the 1990 study and correspands to the median lake inflow over the period 1960-2007 (Opus 2009).
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For the rainy day model runs the Opus (2000) Case 3, 72 hour PMF hydrograph was used as the inflow cordition.
Because the breach models were run using a restart file from the PMF (no breach) model run corresponding fo
the time of peak lake level, only the last 18 hours of the PMF hydrograph were input directly into the breach runs,
giving a peak inflow of 307m%s {which occurs at hour 87 of the full PMF inflow hydrograph).

For the PMF (no breach) model run the fuli Opus (2000) PMF hydrograph was used as the inflow condition, with a
peak inflow of 8,440m%fs.

Flgure 4 Lake Hawea Stage-Discharge and Liva Storage Curves
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4.2.2 Lake Wanaka

Lake Wanaka forms the upsiream boundary of the Clutha reach of the hydraulic model and is represented using a
storage node. The siorage volume was input as a stage-volume curve using volumes obtained from the same
Electricity Aulhority NZ (Opus 2010} data set as Lake Hawea. The stage-storage dala covers the lake range RL
276.23m to 281.28m and the years 1990-2008. The highest recorded lake level is RL 281.28m, which occurred
on 18" Nov 1999; the lake storage has been exirapolated above this level to a maximum of RL 282.00m, as
shown in Figure 5.
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Hawea Lake Control Dam
Figura 5 Leke Wanaka Storaga Curve
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The initial lake level has been set at RL 277.20m for both the sunny and rainy day breach model runs. This lake
level is the same as was used in the 1990 study and corresponds to the median lake level for the period 1930-
2007 (Opus 2009). An analysis of the lake record confirms this 1o be the median level and is considered an
appropriate assumption for the initial condition.

Although the rainy day model used a lake level of RL 277.20m as the initlal condition, the sensilivity of this
assumplion was checked using a higher inilial lake level of RL 280.87m. This corresponds fo the 100yr AR lake
level and is discussed in detail in Section 5.1.3.

Inflows lo Lake Wanaka were set at a constant 170m*/s for both the sunny and rainy day model runs. Again, this
is the same value used in the 1990 study and has been exceeded 30% of the time over the period 1930-2007
(Opus 2009). The sensitivity of inflows lo Lake Wanaka was not considered as the direct inflow volume is small
when compared fo the inflow volume from a failure of Hawea Dam.

423 Lake Dunstan and Clyde Dam

Lake Dunstan forms the downstream boundary of the Clutha reach of the hydraulic model and is represenied
using a storage node upstream of an inline structure representing the Clyde Dam. The storage volume of the lake
was input using dala supplied by Contact covering the range RL 140.00m to 197.00m. The supplied stage-
storage curve exlends 0.25m above the dam crest and was extrapolated up to a level of RL 200.00m for use in
the hydraulic model,

Lake Dunstan has a normal operaling range of 1.0m, between RL 193.50m and 194.50m. The initial lake level
was set at RL 194.00m for both the sunny and rainy day mode! runs.

The downstream boundary of the hydraulic model! is the Clyde Dam, which has been included as an inline
siruclure with a crest elevation of RL 196.75m. The geometry of the spillway and dewatering gales was included
in the representation of the dam, however for the dynamic model runs discharge from the structure was controlled
using a rule curve supplied by Conlact in their Clutha Flood Rules document. This rule curve overwrites the
spillway gale opening rules in the model.

The Lake Dunsian storage curve and Clyde Dam flood discharge rule curve are shown in Figure 6.

The Lake Dunstan storage node has a constant inflow of 220m™/s for both the sunny and rainy day events,
representing inflow from the Kawarau River and tributaries discharging into the Upper Clutha, With the 190m%s
discharge from Lake Wanaka and 200m®s discharge from Lake Hawea (based on the Contact flood discharge
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rules for the Hawea Dam), this gives a lolal steady state inflow of 61 0m®¥s to the lake. This is higher than the
mean inflow of 472m%s (Opus 2007) but is considered a reasonable assumption.

During the PMF (no breach) model run the peak discharge from Hawea Dam Is 307mfs, which increases the total
Lake Dunstan inflow to 717m/s.

Figure & Clyde Dam Stage-Discharge and Reservoir Sloraga Curvas
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4.3 Model Calibration

The hydraulic model has been calbrated using records from two NIWA siage recorders, located at Camp Hill
Bridge on the Hawea River (gauging stalion number 75287, Mar/68 — Apr/11) and downstream of the Cardrona
confluence on the Clutha River {gauging slation number 75282, Apr/92 — Aprf11). Additional flood hislory
information has been supplied by Contaci (Opus 2000).

The model was calibrated using the three largest evenls on record at the Cardrona gauge, which occurred on 24"
Jan 1994, 13-14" Dec 1995 and 17-18" Nov 1999 and the corresponding water levels in Lakes Wanaka and
Hawea. The peak water levels and discharges are shown in Table 6. Lake Hawea discharge information was
taken from the ECNZ dataset (Opus, 2010) and is the mean daily discharge.

Table & Regcorded Peak Discharge and Water Lavels (NIWA Gauges)

Clutha @ Cardrona

| Discrarga | PeakLesl
_ . L (mifs) _
24'h Jan 1994 279.72 289 346.07 1,092 274,59 |
13" Dec 1995 279.88 303 346.06 1,263 27507 |
14" Dec 1995 280.31 322 347.00 1,155 274.77 i
17" Nov 1999 280.91 225 344,31 1,620 275.95 l
18" Nov 1999 281.28 241 344.74 1,528 275.72
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These flood events were modeled in steady state to develop modelled rating curves at the two gauging sites. A
composilte inflow was added to the model at the Cardrona confluence to compensate for the inflow from the
Cardrona River (which is nol included in the model). The model was calibrated by adjusting the channel and
fioodplain roughness coefficients, wilh the final modelled rating curves compared to the NIWA curves shown on
Figure 7 and Figure 8.

It should be noled that only the current NIWA rating curves have been used in the model calibration. These
curves are valid for all three of the calibration events.

Figure 7 Model Callbration Results — Hawsa @ Cumphlll Gauge
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As shown on Figure 7, it was not possible to achieve a good calibration against the Camp Hill Road gauge, wilh a
waler level difference of over 1.50m at the high end of the NIWA raling curve. This is due to the lack of channel
survey for the Hawea River, with lhe LIiDAR survey not giving any elevations below the water lina. The minimum
elevaiion of the LIDAR cross section & RL 311.70m, however the minimum elevaiion on the NIWA raling curve is
RL 310.40m wilh a rated discharge of 60m®/s below the minimum LiDAR elevation.

The calibration against the Cardrona gauge gave a better result, however the model is under-predicling water
levels at the lower end of the rating curve and over-predicting at the higher end. The difference in water levels is
600mm at the high end of the rafing curve.
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Flgura B Model Callbration Results = Cluthas & Cardrona Gauge
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Although the model calibralion has not given a salisfactory resull, it was decided not lo change the roughness
coefficients significantly in order to improve the calibration. Based on the observed chammel and floodplain
roughness at the two gauge sites, the roughness values are of the right order.

The peak gauged flow at Camp Hil Road is only 1% of the rainy day breach discharge. At the Clutha @
Cardrona gauge the peak gauged flow is only 12% of the rainy day breach discharge. At both gauges the peak
rainy day breach water level is approximately 17m higher than the top of the gauge staff. Although a calibration of
the model has been attempled, the differences between lhe gauged and modelled rating curves are not
considered significant. Inslead the influence of roughness coeffident was assessed during the sensitivity analysis
(see Section 5.1.4).

431 PMF (No Breach) Event

The rainy day breach model uses the 72 hour probable maximum fAood hydrograph as the inflow to Lake Hawea.
In their PMF updaie report Opus (2000) estimaled a peak inflow to Lake Hawea of 5.440m %s and a peak lake
level of RL 350.37m. To confirm the peak lake level (at which time the dam faiure will be initiated in HEC-RAS)
the PMF event has been modelled without any breach,

For this model run the PMF inflow hydrograph was scaled from Figure 5.15 {(page 56) of the Opus report. When
the hydrograph was routed through Lake Hawea using the stage-storage and discharge curves shown on Figure 4
the maximum water level in Lake Hawea was RL 350.24m. This is a difference of -130mm against the Opus
report. Given that this lake level falls within the extrapolated section of the Lake Hawea storage curve, this is not
considered to be a significant difference.

A restart fle was crealed for the PMF event at the time of peak lake level, This restart file was then used to define
the initial conditions for the rainy day breach modet runs. This reduced model run times and file sizes without
impacting on model accuracy.

Because of the inherent uncertainties involved in dam break modelling, the sensitivity of the model has been
tested against several parameters.
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51.1 Breach Formation Time

The base case model runs used a breach formation time of 1.0 hour for both sunny and rainy day failures. Three
sensilivity analyses were undertaken for each failure event, using formation {imes of 30mins, 2 hours and 3 hours.
The peak discharges are shown in Table 7.

Table7 Impact of Breach Formation Time on Peak Discharge

B’iﬂ anaimn ih Peak D.i;csal‘:'gr;y Da{:i‘::ge-fr'om Base fi= Pq;kEsc-riar;::’ Dayci:ingte- from I;a_;e i
[ e (mIs) . Case(%) | {(mlg | Case (%)
0.5 14,472 0.14 21,359 +0.33

1.0 (base case) 14,492 - 21,289 -

2.0 14,384 -0.75 21,114 -0.82

30 14,267 -1.55 20,881 -1.92

As the table shows, changing the breach formation time parameler has no significant impact on the peak
discharge from Lake Hawea, with a maximum change of less than 2%. This is likely due to the very large storage
volume in the lake; the modelled hydrographs show it would 1ake over a week to fully draw down the lake and
nearly five hours from full breach formation to draw the lake down by 1m.

5.1.2 Breach Progresslon Type

HEC-RAS has the funcijonality to model breach progressien as either a linear or sinusocidal process, based on a
user specified time to peak (breach formation time). For the base case model runs the breach progression was
modelled as a linear process with a sinusoidal progression modelled as a sensitivity analysis.

Table 8 shows the breach progression type has no impact on the peak discharge, wilh a maximum change of less
than 1% for the sunny day event. As with the breach formation time, this is likely due to the large storage volume
and the amount of time required to draw the lake down.

Table B Impact of Breach Progression Type on Peak Dischargs

~ °  SunnyDayEvent  Rainy Day Event
L o SR Peak iy Peak g
SrechyEroession;Iype Discharge | “2N8%  Discharge  Cf/S
| S ) (s "
Linear Progression (Ty 1hr) 14,492 - 21,289 -
Sinusoidal Progression (Tp 1hr} 14,358 -0.92 21,246 -0.20
51.3 Initial Lake Lavels

The base case models use an initial water level of RL 277.20m for Lake Wanaka. While his is considered
appropriate for the sunny day event, a sensitivity analysis has been done for the rainy day eveni using a higher
initial level of RL 280.87m. This level corresponds to a 100yr ARI event based on an analysis of mean daily lake
level records from 1933-2011 (dala supplied by NIWA).

The Lake Wanaka PMF level (RL 282.84m, Opus 2000) was not used as the joint probability of PMF events in
both the Hawea and Wanaka catchmenls combined with a falure of Hawea Dam would be extremely low. This
combination of evenls was considered overly conservalive, so the 100yr AR| lake level was used.

The effect of a higher inftial lake level is a 200m¥s increass in the peak flow from Albert Town inlo Lake Wanaka,
peaking at 6,730m"/s. The maximum lake level increases lo RL 283.45m, a rise of 2.58m. This result is the
opposite of what would be expected; the higher lake level would be expeciled to result in a smaller peak flow from
Albert Town. However, a lake level of RL 280.87m gives a discharge of 1,100m%s from Lake Wanaka meaning
waler levels in Albert Town are already elevated prior {o arfival of the dam breach flood wave. This in tum
increases the hydraulic fall between Albert Town and Lake Wanaka from 2.36m {o 3.78m (at the time the flood
wave arrives in Albert Town), resulting in a higher peak discharge inlo Lake Wanaka.
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The higher initial water level in Lake Wanaka significantly increases the fiood extent, number of properiies
inundated and the popuiation at risk. This is discussed in Section 6.3.

514 Hydraulic Roughness

The sensitivity of the model to the hydraulic roughness coefficient was tesled by increasing the floodplain
roughness from the base case values (0.044 on the Clutha reaches and 0.048 on the Hawea) to 0.060 throughout
the model, an increase of 25-36%.

The roughness sensilivity was necessary because the model calibration did not give satisfactory results and also
{o consider potential effects of debris transport. During the site visit it was observed that many sections of the
Clutha and Hawea rivers have heavily wooded banks that would have a higher roughness coefficient than 0.048,
but the calibration results suggested a lower coefficient was required. Bearing in mind the modelled flow depths
{which in many areas would results in trees being submerged or washed away) a value of 0.060 was used.,

A full tabulation of the sensitivity resuits is shown in Appendix A. On the Hawea and Clutha Rivers the increased
roughness gives a peak flow reduction of 4.0 - 4.4% compared to the base case runs, while the peak water depth
increases by an average 4% (with a range between -2.2% and +10.9%). The most significant water level
changes occur around the Church Road bridge at Luggate and on the upper Clutha River near the Lake Wanaka
outlet.

51.5 Clyde Dam Discharge

The base case sunny and rainy dam breach models have been run using the stage-discharge relationship given
in Contact's Clutha Flood Rules document, as shown in Figure 9. An alternative scenario has also bean
modelled, which uses Coniact's flood rules while the Lake Dunstan water level is below RL 195.10m {which
equales to the design flood level); once lake levels start rising above this level the spillway gates are opened fully
and the machines are shut down. This stage-discharge curve is also shown on Figure 9. This alternalive
scenario is simifar {o that modelled in the 1990 study.

The objective of these model runs was lo determine if overtopping of the Clyde Dam could be avoided if the peak
discharge was increased earfier during the flood event. As lhe flood wave would have a travel time of seven
hours from Lake Hawea to the upstream extent of Lake Dunstan, plus the breach formation time ( in this case 1
hour) there would be plenty of waming time to start increasing discharge from the Clyde Dam and lowering the
level of Lake Dunslan.

Figure 9 Modaelled Stage-Discharge Curves for Clyde Dam
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The peak discharge from the Clyde Dam and water level in Lake Dunstan are similar under both discharge
scenarios. The Clyde Dam would be overtopped in both a sunny and rainy day event regardless of Lhe spillway
operation, with the depth of overtopping reduced by only 0.07m and 0.02m for the sunny and rainy day events
respeciively, as shown in Figure 11.

Table 9 L.ake Dynsian Waler Levals and Clyde Dam Overtopping Durailons

Stnny Day Evant ‘Rainy Day Event ™
.r— | Overtopping Peak Overtopping]|| Peak
LT:-:::?::E} Duration Dischirgs Iﬂq;::ﬂ:[] Duration Dschargo

I al {hrs) || (mifs) | {hrs) " (ms)
Clutha Flood 197.74 16 7,195 199.59 26 9,585
Rules

Spillway Fully 197.67 15 7.105 199.57 26 9,527
-Open

Change 2% -6% 1% - - -

Note: The change in peak waler level Is refalive lo Lhe minimum operaling level of RL 183.50m

Figura 10 Lake Dunsiap Tima Serles — Sunny Day Falure
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The modeliing results for the sunny and rainy day breach models are discussed in the following sections, with the
flood inundation maps shown in Appendix D. It should be noted that fravel limes refer to the lime taken for the

flaod wave lo travel from {he Hawea Dam lo a parlicular location. With a one hour breach formation time, the

warmning time (the temporal lag between breach imitation and arrival of the flood wave) at any particular location
will be the lravel time plus one hour.

The Hawea Dam is a well monitored struclure and it is assumed that flood warnings could be issued within 15
minutes of initiation of a sunny day breach (this assumes there would be staff on site following the hypothetical
event that initiates the failure). For a rainy day breach there is a lag lime of several days between when the start
of the flood event and when the lake level exceeds the dam core, so it is again assumed that early flood warnings
could be issued.

6.1

Hawea River

Although the Hawea River is deeply incised in ils upper reaches, the depth of flood water following a breach
means there would be inundation onto the Hawea Flats downsiream of the Hawea oxidation ponds.

The only road crossing of the Hawea River is at Camp Hill Road, 5.0km downstream of Hawea Dam. The flood
wave would reach the bridge 1.40 hours after initiation of the breach (40mins after maximum breach formation).
As shown on Figure 12 the bridge would be submerged under 10m of water. With the increased local velocilies
through the bridge site (the bridge is at a constriction in the river giving average velocities of 19m/s) itis (kely that
lhe bridge would be destroyed.
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Figure 13 Water Surface Profiles, Clutha River

6.3 Lake Wanaka

With an inilial water level of RL 277.20m n Lake Wanaka and a peak flood level of RL 286.65m (for the sunny day
event) in Albert Town, the normal flow direction would be reversed upstream of Abert Town. Water would spill
into Lake Wanaka, which would experience a water level rise of 2.02m for the sunny day event and 2.98m for the
rainy day event. Between Lake Wanaka and Abert Town the Clutha River is deeply incised with sleep banks
conslraining the flood extent.

Lake Wanaka has a surface area of approximately 193km? and this large storage capacity means the lake would
act as a flood delention basin following a breach of Hawea Dam. The peak inflow 1o the lake is 4,076m"/s during
a sunny day event and 6,500m*/s during a rainy day event. The large storage volume means the peak lake level
would not occur for 3 days after a Hawea failure,

When flood levels in the Clutha begin to drop, Lake Wanaka would then discharge the flood water back into the
Clutha River, This increases the lolal duration of the flood event downstream of Albert Town, but significantly
attenuates the peak discharge.

At Roys Bay the flood extents have been plotied using 1m interval contour data and aerial photography (see
drawing 60221308-SD-08). This shows that during the sunny day eveni there would be minimal damage in
Wanaka town (the peak water level in Lake Wanaka only raises to RL 279.22m}). During a rainy day event the
peak level would be slightly higher at RL 280.18m, causing surface flooding across Ardmore Street and
inundation of three properties on the cormner of Ardmore and Dungarvon Streels. Outside of Roys Bay the flood
mapping has used 20m interval contour data and 1:25,000 {opographic maps; lhese only provide a large scale
indication of the potential flood extent at other areas around the lake shore.

The sensitivity analyses show that if the lake had a higher initial waler lavel {dose to the 100 year ARI of RL
280.87m) there would be extensive inundation and damage through Wanaka town. The lake level rises by 2.58m
to a peak of RL 283.45m. The flood extent (also shown on drawing 60221308-SD-01) shows a large part of the
town centre would be inundaied between Ardmore and Brownston Streels 1o the north-south and Helwick and
Dungarvon Streeis {o the east-west. From ihe aerial pholographs, approximately 60 buildings, including severat
hotels, numerous cafes and a supermarket would all be inundated. Pembroke Park and Wanaka Recreational
Reserve would also be inundated. On the north side of the town, Lakeside Drive would be flooded between the
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Flgura 12 Water Surface Profiles, Hawea River
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Downstream of the bridge there would be extensive inundation on the right bank. On the left bank Newcastle
Road would be inundated for a length of 2.80km.

Around Horseshoe Bend the flood exient would be constrained by bluffs on both barks of the river, howaver there
are several properties in this area that would all be flooded. The fiood wave would reach these properties at
Horseshoe Bend around 2,50 hours after initiation of the breach.

As the Hawea River approaches the confluence with the Clutha River the foodplain widens and the flood extent
increases. There is a camp site and kayak slalom cowse located 1.50km upstream of the confluence. Peak flood
deplhs at this location would be in the order of 14m with a travel lime of 1.50 hours from the dam (2.50 hours after
breach initiation).

There is a Department of Conservation (DOC) campsile located to the west of SH6 at the Hawea-Clutha
confluence. The depth of inundation at the camp site would be in the region of 16m. The SH6 road would also be
inundated for a distance of 800m on the northern approach to the SHE Albert Town bridge.

6.2 Albert Town

Abbert Town is located at the confluence of the Hawea and Clulha Rivers and would experience widespread
inundation and damage following a failure of Hawea Dam. The low lying area around the confluence would be
inundated and there wouki be negative flow up the Cardrona River.

The floed peak would arrive at Albert Town 2.5 hours after the infifation of a breach at Hawea with the peak water
level occurring 1.5 hours later (4.0 hours after breach initiation).

With a peak water level of RL 286.62m during the sunny day event and RL 289.90m during the rainy day event
the SH6 bridge would be overtopped and remain submerged for 48 hours. The flood water would start to overlop
the bridge 3.5 hours after the breach initiation. Secondary flow would occur around the north (true left} of the
bridge, however there is also the possibility of erosion and slope instability on the south abutment,

The northern and eastern areas of Albert Town would be inundaled during both a sunny and rainy day event,
however the central section of the town (immediately north of Stale Highway 6) would only be inundated during a
rainy day event.
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inlersections of Ardmore and Beacon Point Roads, but no properties are within the flood extent. Approximately
30 other properties located between Eely Poinl and Beacon Point would also be inundated.

6.4 Upper Clutha River

Downstream of Albert Town the peak flood discharge would be attenualed by both the ponding through Albert
Town and the negative flow upstream to Lake Wanaka. The peak discharge downsiream of Albert Town would
be 9,125m%s and 12,830m%s for the sunny and rainy day evenls respectively, giving attenuation of approximately
30% for bolh events.

Downstream of Albert Town the Clutha River is deeply incised and the flood wave would be contained within the
channel. State Highway 8A crosses the Clutha River at Luggale, approximately 30km downstream of the Hawea
Dam. The deck elevation of the bridge has been estimated from the LIDAR survey but would be submerged and
likely destroyed in both a sunny and rainy day event {see Figure 13). The flood wave would arrive at the bridge
4.50 hours after initiation of the Hawea breach.

The town of Luggate is above the peak flood level and is not at risk of inundation. Downstream of Luggale the
Clutha River continues to be incised with only isolaled areas of out-of-bank fiooding. One of lhese areas is at
Sandy Point (41km downstream of Hawea Dam} where the Aoturoa Fammstead is located. The farm buildings are
located at the outer extent of ihe flood envelope and would only be inundaled during a rainy day event, which
would also result in some spill across SH6. The peak rainy day flood level at Aoturoa is RL 249.11m as the flocd
wave would arrive 5.50 hours after initiation of the Hawea breach,

Approaching the confluence with the Lindis River the channel starts to widen with the Clutha being braided
downstream of the confluence. The channel expansion and resulting energy losses give significantly lower peak
velocities and water depths downstream of the Lindis confluence. The flood would have an extent of 1.30 -
2.20km wide in these lower reaches of the Clutha. The farm properties at Willowbank and Bendigo would be
inundated, as would a 1.60km length of SH8. The flood wave would arrive at ihese properties between 6.50 and
7.00 hours after initiation of the breach at Hawea.

6.5 Lake Dunstan and Clyde Dam

The peak water levels in Lake Dunstan are controlled by the operating rules for the Clyde Dam. The stage-
discharge curve that would be used in the event of a major flood is shown on Figure 6. Because Lake Dunstan
has been modelled as a storage node the reservorr is freated as a level pool, so the results do not show the
hydraulic gradient through ihe lake that would occur in reality. The LIiDAR survey does not cover Lake Dunstan
and the flood envelopes have been created using 20m interval cantours, so this modelling approach is considered
to be acceplable.

During a sunny day event and assuming Contact’s flood rules were followed and the initial lake level was RL
194.00m, Lake Dunstan would rise by 3.74m to a peak of RL 197.74m. The corresponding figures for a rainy day
event are 5,59m and RL 199.59m. Because of the low resolution of the contour data used around Lake Dunstan
it is difficult to siate with confidence if any properties will be inundated along the lake front. However, the
subdivision at the inlersection of SHE and Clarke Road (27km upstream of the Clyde Dam) is within both the
sunny and rainy day flood envelopes, as is the Pisa Range Cromwell Hotel.

The flood envelopes also show some minor flooding around Cromwell during the rainy day event, but more
delailed contour information is required to confirm this. The extent shown around Cromwell is not considered
realislic as Cromwell has an elevation of RL 210m, putting it 10m clear of the peak lake level.

State Highway 6 on the western side of Lake Dunstan is within both the sunny and rainy day food envelopes
between Clarke Road and Lowbum with further isolated inundation south of Lowbum.

Downstream of Cromwell the flood waters would be contained within the Cromwell gorge. Some minor inundation
of SH8 may occur.

The peak lake level would occur 17-18 hours after initialion of the Hawea breach.

The crest leve) of the Clyde Dam is RL 196,75m. As shown on Figure 10 and Figure 11, if the dam were operated
using the existing Clutha flood rules {he slructure would be overtopped by 0.72m during a sunny day event and
2.84m during a rainy day event, These are the maximum modelled water depths above the crest, although the
tota! duration that the dam would be overtopped is 26hrs for a rainy day event and 16hrs for a sunny day event.
The dam has been designed to withsiand overtopping.
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6.6 Population at Risk

The population at risk {(PAR) from a hypothetical sunny or rainy day failure of Hawea Dam has been estimated by

Hawea Dam Break Update

Hewea Lake Controi Dam

exporting the Aoed inundation extenis in KMZ format and using Google Earth to determine the number of
properties lying within the flood boundary. The number of inundated properties in each area is shown in Table 10.
The rainy day figures are for an initial level of RL 280.87m in Lake Wanaka.

Table 10 Number of Inundaled Properties
—a. _ Propotes ook CampSites
Sunny Day Eve_nt : .
Hawea River 18 = 1
Lake Wanaka - N 1
Ciutha u/s Alberi Town - - .
Aberl Town 158 2 1
Clutha d/s Albert Town 4 . N
Lake Dunstan 55 1 -
Sunny Day Total 235 3 3
Rainy Day Event
Hawea River 22 - 1
L;ke Wanaka 95 3 1
Clutha u/s Albert Town - = .
Albert Town 230 2 1
Clutha dfs Albert Town 5 - -
Lake Dunstan 68 1 -
Rainy Day Total 420 3 3

The average number of people per dwelling has been estimated at 2.3, based on NZ Government census data for
Wanaka and Hawea, Campsile populations have been estimated using 2.5 people per tent site with 180 sites per

campground. Hotel populations have been estimaled using occupancy of 50 people per hotel. The campsite
occupancy figures appear conservalive as ihey assume that a Hawea breach would occur during the peak

summer period, however given the three largest floods on record in the Clutha have occurred batween Novemnber

and January, the assumption ks not unreasonable.

The above figures give a total PAR of 2,040 for the sunny day event and 2,280 for the rainy day event. If a rainy
day event were to occur in coincidence with a high water level in Lake Wanaka, ihe PAR could increase lo 2,620.

6.7

Dunstan reaches RL 195,10m.

Comparison with the 1990 Study

A short comparison of results against the 1990 sludy is included in Table 11. These results are for the sunny day
failure only, assuming a failure lime of 3 hours and that the Clyde Dam spillway gales are open fully when Lake

Table 11 Comparison againat 1990 Results
= T 1990Study | 2011 Study |
Peak outflow from Hawea (m*/s) 12,300 14,267
Peak water level Albart Town (m RL}) 284.50 286.65 |
Peak water level Lake Wanaka (m RL) 280.80 279.22 }
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. 19%0Study  201Study
Peak inflow to Lake Wanaka (m?s) 6.510 4,076 '
Peak discharge downstream of Albert Town (mais) 5,360 9,139
Peak water level Lake Dunstan {m RL}) 195.90 197.67 |
Peak inflow to Lake Dunslan {m/s) 4,580 8,906

The resulis show that peak discharge and water level estimates are generally higher in this sludy than in the 1990
study, the exception being Lake Wanaka. Reasons for the differences in results could include the modelling
methodology, lopographic data used {i.e. cross sections), and extrapolation of lake storage curves.

Although the 1980 study was a very comprehensive report, the results of this sludy are considered to be mare

accurale because of the better quality ground survey data used and the mprovements in modelling software that

have occurred over lhe last 20 years.

Failures of earth fil dams such as lhe lake Hawea Control Dam are extremely rare but have occurred in the past,
either as a resull of internal erosion or overtopping. In this study a failure resulting from internal erosion was
assumed for both the sunny and rainy day events. The sunny day event considered an earthquake induced

failure during normal operaling conditions, with the rainy day event considering failure following high lake levels

and internal erosion resulting from seepage above the dam core.

With a maximum PMF lake level of RL 350.24m an overtopping failure was not considered, particularly as the

Gladstone Gap stopbank could be breached in the event of lake levels approaching RL 351.00m. Consequences

resulting from a breach of the Gladslone Gap were not considered in this study.

The peak discharge from the breach is eslimated {o be 14,500m%s for the sunny day event and 21,300m¥s for

the rainy day eveni.

There would be extensive damage Lhrough Abert Town and all three bridges across ihe Hawea and Clutha rivers
would likely be destroyed, leaving the SH8 bridge at Cromwell as the only remaining crossing of the Clutha.

Depending on the initial water levels in Lake Wanaka there could also be extensive damage through Wanaka

town,

The Hawea and Clutha Rivers are enirenched in old fluvioglacial deposits and severe bed and bank erosion could
be expected, although the locations and exient of such erasion have not been considered in this study. The

hanks of the rivers are heavily wooded and large debris flows (comprising Irees, eroded bank material, material

from the Hawea Dam etc) could ako be expected. Some of this material could be deposited around Albert Town

where velocities would be lower due to ponding.

The population at risk following a breach of Hawea Dam is estimated to be in the range of 2,040 to 2,620 people,
mosty centred in Albert Town and Wanaka. The actual PAR would depend on the time of the year, with the figure
being highest in the summer months, particularly around the Christmas period. The travel time of the flood wave

is estimated lo be two hours fo Albert Town, with a2 one hour breach formation time giving a total warning time of

three hours (assuming deteclion on initiation of the breach). Peak water levels in Lake Wanaka would occur two
days alter a breach of Hawea, giving sufficient lime for Wanaka town to be evacuated if necessary.

CADAM (2000), Dambreak Modelling Guidelines and Best Praciice
Contacl Energy Clutha Flood Rules
Environment Agency UK (2011), Reservoir Flood Maps Guide

New Zealand Society on Large Dams (2000), New Zealand Dam Safety Guidelines

Opus (2000). Flood History in the Clutha Catchment
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Opus (2000}, Clutha Hydro Dams — PMF Update
Opus (2007), Conlact Energy Limited: Station Hydraulic Data
Opus {2009), Hawea Dam ~ Review of 1990 Dam Break Analysis

Opus (2010}, Lake Generation Potential History (volumelric storage data sets prepared for Electricily
Commission)

USACE (2010}, HEC-RAS River Analysis System User’s Manual, Version 4.1
USBR (1998), Prediction of Embankment Dam Breech Parameters, Dam Safety Research Report DS0-98-004
Works Consultancy Services (1990), Hawea Lake Conltrol Dam; Report on Dam Break Analysis
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Appendix A Tabular Resulis

Table A1 — Base case model resulls for the sunny and rainy day events

Table A2 — Sensitivity results with increased hydraulic roughness for sunny and rainy day evenls
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Model Hydrographs
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Hawea Dam Braak Updale B-1
Hawea Leke Conirol Dam
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Hawea Dam Break Update
Hawea Lake Canirol Dam
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Model Extents
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Flood Inundation Maps
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GG Church Road Bridge 29,300m from Hawea Dam

i Sunny Day | Rainy Day

/|| Tma to Max. Discharge (hrs; 4.40 4.20 |

Time to Max. Water Level {hra) 5.00 4.40
Max' Discharge (m'/s) 9,070 | 12,680

| L Max: Walar Level {m RL) 260.37

|| Max. Water Level Rise {m)
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Notes

The inundated mrea shown i beased on an hypothetical raey day
Tailire of the Hawea oontrol struchre.

Time of peak decharge and wiler level have besn rounded 10 the
nemrasl Z0mins

My imum waler levels shown ssyuma an initia) water leval in Laka

[l

E Waraks of RL 277.20m loe the sunny day svarl ard RL 260.87m

2 for the ramy day svant

Cm Flond axtents have been darived usmg LIDAR, data suppled by

= Contaci Energy with & verticsl scouracy of +/- 250mm

i3 Al bevals wea 1o MSL Dunadio Datum

— Background image sourced fram LINZ Crown Copyrighl Resarvad.
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Queensberry 55,500m from Hewea Dam
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Willowbank 58,800m from Hawea Dam

| Time to Max, Discharge (hrs) 7.00
1 Time to Max, Water Level {hrs} 7.20
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Max Water Level (m RL} 206.81

-

Sunny Day | Rainy Day

5.40

6.40

12,440 |~—

LR W.‘

-

e
St

Y

Flood Wave Travel Tims

Max. Water Level Rise (m)

20780 | e

6.07

Ty
e
Q

1 her e \

ol b

L
) : “
[ —— R

| _TJDINWITH SHEET &
Ay 7"'—7
PR = S W —— i

—

| | Mep Shests

HNoles
Th

Tha shawn i based oh an hyp memy day
fulure of the Hawea contral struchrs.

Tims of pmk dischame snd water level hava been rounded 10 the
nearesi 20mine

Mazamium watt: level shawn sE2iama an initia) welsr leval in Laks
Wanaka of RL 277.20m lor the sunny day svenl ard 71.280.87m
for the rauny day swent

Flood axisnts have baen darived tsing LDAR dela suppled by
Conlct Enarpy with & vartical scouracy of +f- 250mm

Al lovelr wre 10 MSL Dundin Datnm

Background imege sourcad from LINZ Crown Copyright Flaserved.

AZCOM

Chent

Contact Energy
Propect

Lake Hawea Control Dam

Dam Breek Update Study
Sheat No Fraject No, Pssm; |
| 5 60221308 Rev

Tetler
Rainy Day Failure Inundation Map
Sheet 5 of 9

Scae:1:30,000 (A3 s=e}

- 3 Checked | Date |
Desgn | PJC GB
jrm—- 28 Sep 11
| PIC Ga ninid
Appioved | Approved [ stam Final
Fil: Ref l 60221308-RD-05.mxd -

Ponted |

S Copyright AECOM New Zaaland Limubed  www.stcom.com




P e | l.

- Do el [Py ST |
= S g Fyr
S e e S

Bandigo 6Z,200m from Hawea Dam
Sunny Day | Rainy Day I~

e
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Lake Dunslan

3unny Day | Rainy Day 1 ﬂ_]_ ! -
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Time to Max, Water Level (hrs) 12.00 16.40 |5 0 r : b
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