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Introduction SECTION 1

1.1 Introduction

Ecological Associates Pty Ltd was engaged by the Mallee Catchment Management Authority to
investigate the feasibility of options for the Hattah Lakes. Ecological Associates undertook this project in
partnership with:

* Lloyd Environmental Pty Ltd;
* URS Australia Pty Ltd; and

¢  Water Technology Pty Ltd.

1.2  Scope of Work

The overall objective of this project was to develop options to manage water for environmental purposes
in Hattah Lakes and to assess their feasibility in terms of cost, risk and benefits.

The specific objectives were to:

* set objectives for the ecological condition of the system;

* describe the water regime required to achieve these ecological objectives;
* develop management options to provide the required water regime;

* with the assistance of the hydraulic model developed for the site, evaluate the effectiveness of the

water management options in providing the required water regimes;
* assess the costs and risks associated with the water management options; and

* recommend how water management should be monitored.

1.3 The Study Area

The study comprises the floodplain associated with Hattah Lakes and comprises the area within the 1956
flood boundary between Chalka Creek East Arm and Chalka Creek North Arm.

The Hattah-Kulkyne Lakes are a component of the River Murray floodplain in north-western Victoria
near the township of Hattah. The system is a complex of lakes, anabranches, termporary swamps and
floodplain.
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Hydrology SECTION 2

2.1 Background

The Hattah Lakes is a complex of small (<10 ha) to medium (up to 195 ha) sized lakes adjacent to the
River Murray between Robinvale and Mildura. The lakes are connected to the River Murray via Chalka
Creek during medium sized floods and freshes, but overbank flow is a significant source of water entering
the lakes when infrequent large floods occur in the River Murray.

The River Murray is a key driver of the hydrology of the lakes. Changes in river regulation directly affect
the timing, duration and frequency of inundation in the lakes system (Figure 1).

Consistent with previous studies (SKM 2004 and SKM, 2005) we analysed the behaviour of the lakes
under ‘natural conditions’ and ‘current conditions’. Natural conditions are defined as the flow regime in
the River Murray prior to any regulation but with the current floodplain morphology and operating rules.
Current conditions represent the River Murray flow regime under all known system modifications to date
including existing operating rules. In each case the hydraulic model includes current floodplain and
channel morphology within the Hattah Lakes system. While the 'natural conditions' do not entirely
represent pre-settlement conditions, they provide a basis for comparison with current conditions. The
differences in the scenarios are overwhelmingly due to changes in river hydrology — the effect of the
current operating rule to close Messengers Regulator on the flood recession is expected to have relatively
little impact on floodplain hydrology under pre-regulation flows.

River Murray flow data for natural and current conditions was sourced from the Murray Darling Basin
Commission. The flows are modelled daily time series extracted from the main system model MSM
BIGMOD and represent a 92 year period (1908 — 1999 inclusive).

Time series of water level behaviour in the Hattah Lakes were generated by Sinclair Knight Merz (SKM)
in January 2006 by running natural and current River Murray flows through a two dimensional hydraulic
model of the system (D. Enever, Pers. Comm.). The time series provided are average weekly (7 day) lake
levels for each of a number of wetlands within the Hattah Lakes system. Average weekly data was
considered by SKM (ibid.) to be the most accurate short timestep data able to be extracted from the
hydraulic model. Review of recorded hydrographs at Lake Hattah suggests that there is a long recession
period following inundation so that there should be little error in estimation of inundation frequencies
using weekly data compared with shorter periods (eg a daily).

The hydrology of the Hattah Lakes system has been investigated on a number of occasions (see for
example Puckridge et al (1997), Cumming and Lloyd (1991), SKM (2004) and SKM, 2005). SKM (2004)
provide a compendium of previous studies and much of the following is based upon a review of their
work including updates based upon GIS and hydrological analysis prepared by URS.
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Figure 1 The Hattah Lakes and flow paths

(sources: SKM, 2004 after Cumming & Lloyd, 1991)
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Hydrology SECTION 2

2.2 Inflows, thresholds and flow paths

In this section we investigate the linkages between River Murray flows and inflows to the Hattah Lakes,
the thresholds and constraints on inflows, changes in flows between natural and current condition, and
flow paths within the lake system.

Thresholds and Critical Flows

SKM (2004) linked the flooding of individual lakes within the Hattah Lakes system to critical flows in the
River Murray at Euston based upon earlier work by Puckridge et al (1997) together with further analysis
of gauged flows at Euston, aerial photography and reports of historic flood events. Critical flows at
Euston were determined for eighteen lakes based upon natural and current conditions in the River Murray
and the changes to structures and channels in the Hattah Lakes themselves.

Table 1 Critical flows in the River Murray at Euston

(source: SKM, 2004)

Critical Flows in the River Murray @ Euston for
Lake lake to fill (ML/D)
Natural Conditions Current Conditions

Lockie 48 900 36 700
Little Hattah 48 900 36 700
Hattah 48 900 36 700
Bulla 48 900 45 000
Arawak 50 500 50 500
Marramook 52 000 52 000
Brockie 53 000 53 000
Boich 54 000 54 000
Tullamook 55 000 55 000
Nip Nip 65 000 65 000
Kramen 152 000 152 000
Yerang 48 900 40 000
Mournpall 48 900 40 000
Yelwell 55 000 55 000
Konardin 60 000 60 000
Bitterang 70 000 70 000
Cantala 45 000 45 000
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Hydrology SECTION 2

Modifications to the Hattah Lakes system

The Hattah Lakes system has been modified since the early 1900s when a channel was cut between Lake
Lockie and Lake Hattah to improve the reliability of water supply for Victorian Railways. A list of known
modifications is presented below.

Table 2 Known modifications to the Hattah Lakes System

(source: SKM, 2004)

Year Effect on flows within Hattah Lakes system.

1908 Channel cut between Lake Lockie and Lake Hattah. Retention level of channel between Lake Lockie
and Lake Hattah reduced by 0.69 m from 42.80 mAHD to 42.11 mAHD.

1964 Earth bank constructed between Lake Hattah and Lake Little Hattah. Retention level between Lake
Hattah and Lake Little Hattah increased from below 42.11 mAHD to 43.58 mAHD.

1966 Regulator constructed between Lake Hattah and Lake Little Hattah. Invert of regulator set at 41.70

mAHD allows Hattah to almost drain completely. Maximum retention level between Lake Hattah and
Lake Little Hattah increased by 0.01 m to 43.59 mAHD.

1972/73 | Natural bar removed at Messengers Crossing and remodelling of Chalka Creek to approximately 1
km upstream of Lake Lockie. Channel constructed between Lake Lockie and Lake Hattah. Bars
constructed on northern and southern arms of Chalka Creek, however southern arm later removed.
Regulators constructed along Chalka Creek at Messengers Crossing, near Lake Roonki, and at the
inlet to Lake Lockie. Second two regulators along Chalka Creek scoured out after installation and
rendered ineffective. Critical River Murray flow for inflow to Chalka Creek reduced from 39,100
ML/day down to 36,700 ML/day. Retention level along Chalka Creek reduced from 42.58 mAHD to
41.64 mAHD. Critical River Murray flow for inflow to Lake Lockie and subsequent lakes reduced from
48,900 ML/day down to 36,700 ML/day. Retention level of channel between Lake Lockie and Lake
Hattah unknown. Retention level of north arm of Chalka Creek estimated to be approximately 42.67
mAHD. Regulator at Messengers constructed to have a maximum retention level of 43.40 mAHD.

1986/97 | Soil removed in two high spots along channel between Lake Lockie and Lake Hattah. Retention level
of channel between Lake Lockie and Lake Hattah reduced by 0.3 m. Current Messengers crossing
reconfigured to allow greater inflows. Current practice is to close Messengers regulator once flows
out north arm of Chalka Creek cease. Gates between Lake Hattah and Lake Little Hattah removed.
Messengers regulator invert reduced by 0.2 m, however no evidence to suggest the critical River
Murray flow for inflow to Lake Lockie has reduced. Maximum retention level of Messengers regulator
not changed. Retention level between Lake Hattah and Lake Little Hattah reduced to 41.70 mAHD.
Invert of regulator allows Hattah to almost drain completely.

According to SKM (2004) the net effect of these modifications is as follows:

* A decrease in the flow in the River Murray at Euston needed to initiate inflow to Lake Lockie (ie a
reduction in the critical flow from 48,900 ML/day to 36,700 ML/day).

* A subsequent reduction in critical flows for other lakes in the system.
* A decrease in the retention level of Lake Hattah.

Table 1 contains a listing of natural and current critical flows at Euston required to initiate filling of each
lake. ‘Current’ critical flows account for all historic changes to the Hattah Lakes system.

2-4



Hydrology SECTION 2

Changes in River Murray flow regime

Since 1936 a succession of dams, weirs and locks has been built along the River Murray to ensure reliable
supply of water for irrigation and urban use. The general impact has been to reduce peak flows, change
the seasonality of flows and increase minimum flows.

SKM (2005) analysed changes in River Murray flows at Euston Weir by comparing annual flow duration
curves referenced to the critical flows required to commence filling of Lake Lockie.

Figure 2 Annual flow duration curve for River Murray at Euston

(source SKM, 2005)
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There is a significant shift across the range of observed flows in the River Murray between natural and
current conditions. At the threshold level for inflows to Lake Lockie there has been a shift in frequency of
inflows from around 30% to 12% of the time. With the reduction in Lake Lockie threshold arising from
the installation of Messengers Regulator few additional inflows can be expected.

SKM (2005) suggest that it is physically impossible to restore a natural flooding regime to the lakes under
the current Murray River flow regime without using mechanical means to deliver the water.

SKM (2005) also analysed the commencement month of floods in the River Murray under natural and
current conditions. The analysis (Figure 3) indicates that there has been a significant modification of
flooding in the River Murray with a shift in the mode of the frequency distribution of flooding from
August to July, significant reductions in flood frequency for most of months, and much smoother
distribution of floods throughout the year.
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Figure 3 Commencement month for floods in the River Murray at Euston
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The number of years with inflows to each lake significantly decreased under current conditions compared

to natural conditions (Figure 4 and Appendix A).

Under natural conditions, Lake Cantala has the most number of years with inflow events (77) due to its
low critical flow required in the River Murray at Euston. Lakes Lockie, Hattah, Little Hattah, Bulla,

Yerang and Mournpall have the next highest number of years of inflows. Kramen, as expected, has the
lowest number of years with inflow events due to high critical flows required before it can be filled up.

Lakes Nip Nip, Konardin, Bitterang and Kramen have incurred a reduction of more than 50% in years of

inflow compared to natural conditions.
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Figure 4 Number of years with inflows to the Hattah Lakes (1908 — 1999)
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Monthly inflows

Plots of monthly inflows into the Hattah Lakes are provided for groups of lakes with similar critical flows
in the River Murray at Euston.

Figure 5 shows that the majority of monthly inflows to lakes Lockie, Little Hattah and Hattah occur
between July to September with majority of inflows in August under natural and current conditions.

A similar monthly inflow pattern is evident for lakes Yerang and Mournpall (Figure 7) with most inflows
occurring between July to September and the highest number of inflows in August under both natural and
current conditions.

For lakes Tullamook and Yelwell (Figure 6) monthly inflows occur between July to September with most
inflows in August under natural conditions. Under current conditions the majority of inflows have shifted
to August to October peaking in September.

Under natural conditions, inflow events occur mostly between July to September in most of the lakes
except Nip Nip and Kramen with majority of the events happening in August (Appendix B). Under
current conditions majority of inflow events occurred between August and October in lakes Arawak,
Marramook, Brockie, Boich, Tullamook, Nip Nip, Yelwell, Konardin, Bitterang and Kramen with most
of the inflows occurring in September.
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No of Inflows based on Critical Flows at Euston
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Figure 5 Monthly inflows for Lockie, Little Hattah and Hattah (1908 — 1999)
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No of Inflows based on Critical Flows @ Euston
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Figure 6. Monthly inflows for Tullamook and Yelwell (1908-1999)
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Flow Paths and Travel Times

Figure 1 provides an overview of the flow paths within the Hattah Lakes system based upon the SKM
(2004) modification of the original analysis by Cumming and Lloyd (1992).

Water enters the system via Chalka Creek. Chalka Creek can act as a small backwater if inflows are
insufficient, but once a threshold is reached water then moves into Lake Lockie and from there
southwards to Lake Hattah and Lake Little Hattah. Once another threshold is reached, water will flow
north into Lake Yerang and Lake Mournpall. Beyond this point water flows either further south through
Lake Bulla, Lake Arawak, Lake Marramook, Lake Brockie, Lake Boich, Lake Tullamook and Lake Nip
Nip; or north to Lake Konardin, Lake Yelwell, Lake Bitterang and Lake Woterap.

The DEM suggests that Lake Roonki initially receives water via small channels and wetlands to the
south-east of Lake Lockie.

Lake Kramen appears to fill mainly from a flow path running south from Chalka Creek near the River
Murray. There has been some suggestion that flows running south through the series of lakes to Lake Nip
Nip may eventually reach Lake Kramen but this is thought to occur very rarely.

Water drains from the lake system via both the southern and northern arms of Chalka Creek. In smaller
floods, provided Messenger’s Regulator is open all water drains via the southern arm of Chalka Creek.
For floods in excess of a threshold which corresponds to a River Murray peak flow of somewhere
between 50,000 and 80,000 ML/day, water also drains via the northern arm of Chalka Creek.

Lake Cantala receives water from the River Murray via Cantala Creek.

SKM (2004) and Puckridge et al (1997) estimated flood flow travel times from Euston into the Hattah
Lakes as shown below.

Table 3 Approximate travel times from Euston

Location Travel time (days) Source
Chalka Creek 2 Puckridge et al (1997)
Lake Lockie 6 Puckridge et al (1997)
Lake Little Hattah 11 Puckridge et al (1997)
Lake Hattah 11 Puckridge et al (1997)
Lake Bulla 147 SKM (2004)
Lake Arawak 16 Puckridge et al (1997)
Lake Marramook 18 Puckridge et al (1997)
Lake Brockie 21 SKM (2004)
Lake Boich 23 SKM (2003)
Lake Tullumook 26 Puckridge et al (1997)
Lake Nip Nip 28 Puckridge et al (1997)
Lake Kramen >327? SKM (2004)
Lake Yerang 7 SKM (2004)
Lake Mournpall 9 Puckridge et al (1997)
Lake Yelwell 9 SKM (2004)
Lake Konardin 11 SKM (2004)
Lake Bitterang 32 Puckridge et al (1997)
Lake Cantala 4 SKM (2004)

NOTE ? speculative estimates (SKM, 2005)
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2.3 Lake level behaviour

The following section provides an overview of lake level behaviour in the Hattah Lakes. Sections include
a discussion of ‘typical’ lake levels represented by averages and medians, proportions of time the lakes

are wet or dry, a review of wetting and drying behaviour, and a spells analysis for specified lake level
ranges.

Average and median water levels

The average and median water levels of all the lakes are lower under current conditions than under natural
conditions (Figure 8 and Figure 9). Water levels statistics for each lake are tabulated in Appendix C.

Figure 8 Average lake levels under natural and current conditions
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Figure 9 Median lake levels under natural and current conditions
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xample of the definition of wet and dry lake levels for Lake Marramook.

Figure 10 Definition of ‘wet’ and ‘dry’ lake levels
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Proportion of time that lakes are 'wet’

For the purposes of this analysis, a lake was considered ‘wet’ when the observed average weekly water
level was higher than the minimum modelled water level across the entire period 1908 — 1999 inclusive.
A lake was considered ‘dry’ only when the modelled water level was equal to the minimum modelled
lake water level (see for example Figure 10). For some purposes this may overestimate the duration of
wet events because the there is an exponential decay in water levels as wetlands dry out. The model
predicts a long ‘tail’ to these drying events, whereas the wetlands actually dry out faster than this. The
25% full threshold used in the spell analysis (below) provides an alternative estimate of dry events.

An analysis of the 92-year weekly lake level data shows that all the lakes are now drier than under natural
conditions (Figure 11).

Figure 11 Percentage of time Hattah Lakes are wet (1908-1999)
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Wetting and Drying

The wetting and drying behaviour of the lakes was examined by counting the number of years that lakes

are wet/dry for at least 1 week or for at least 4 weeks. All results are expressed as a percentage of

modelled lake level years (Table 4).

Table 4. Percent of years lakes are wet/dry for at least one week (1908 — 1999)

Wet Dry
Lake Natural Current Natural Current
Lockie 100 100 19 59
Hattah 100 100 3 30
Little Hattah 100 99 37 72
Bulla 100 99 6 36
Arawak 100 98 9 38
Roonki 100 100 18 53
Marramook 93 91 65 86
Brockie 100 99 13 56
Boich 100 95 25 65
Tullamook 100 91 25 70
Nip Nip 100 98 29 73
Yerang 100 99 20 66
Mournpall 100 99 4 40
Yelwell 100 98 23 61
Konardin 100 92 23 68
Bitterang 100 97 17 62
Cantala 100 92 28 71
Kramen 99 99 78 93
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Table 5. Years lakes are wet/dry for at least four weeks (1908 — 1999)

Lake Wet Dry
Natural Current Natural Current

Lockie 100 87 17 55
Hattah 929 9 3 30
Little Hattah 96 79 39 74
Bulla 99 91 7 37
Arawak 99 90 9 40
Roonki 929 88 18 55
Marramook 83 61 61 93
Brockie 929 83 12 59
Boich 97 77 26 70
Tullamook 98 74 23 70
Nip Nip 96 87 27 71
Yerang 98 84 18 63
Mournpall 99 89 4 36
Yelwell 98 85 20 58
Konardin 99 75 23 65
Bitterang 99 78 15 60
Cantala 97 75 26 70
Kramen 71 61 76 92

Spells Analysis

A spells analysis was undertaken for the following lake levels under natural and current conditions:
zero% (minimum water level, the lake is considered dry)

<25% of retention level

>25% of retention level

>50% of retention level

>75% of retention level

>100% (higher than the retention level)

42.5m to 45.5 at an interval of 0.5m

The retention level of each lake was identified by GIS analysis of the LIDAR data. The retention levels
from SKM (2004) were not used since they were based on sketchy and anecdotal information prior to the
availability of LIDAR.

For this analysis a spell was considered to occur when lake levels are above or below the nominated
threshold value, as appropriate. The spell duration is the number of weeks when the storage level is
continuously above or below a given threshold.
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Table 6 shows the following under the natural and current conditions:

* the percentage of time that the threshold capacities were exceeded = number of weeks above the
threshold divided by the total number of weeks;

* the percentage of years with events = number of years at threshold divided by the number of years;
and

* the result of the spell analysis such as the number of events, the average and median durations of each
event in weeks.

The number of dry spells within the 92-year data set and the average duration of each spell in weeks
increased under the current condition than under the natural condition in majority of the lakes with the
exception of Marramook, Yelwell, and Kramen where the average duration of each spell decreased under
the current condition. The number of wet spells (>25% lakes’ capacity) decreased and the average
duration of each spell is shorter under the current condition in most of the lakes except Lockie, Little
Hattah, Bulla, Arawak, Yerang and Mournpall where the number of wet spells increased (Table 6).

The average duration of a spell is significantly longer than the median duration showing the high degree
of skew in the distribution of spell durations and is assumed to reflect the influence of a small number of
significant flood sequences that lead to long spell durations. Changes in the median inundation durations
are shown graphically in Figure 12 to Figure 29. The inundation duration curves often show two clear
steps in median duration of inundation.

On the flood recession, flood water is able to discharge relatively freely from the floodplain to the river
while the water level is greater than 43 or 43.5 m AHD. Accordingly, the depth of inundation on the
floodplain falls relatively quickly until this point, and the rate is expected to correspond closely to the
falling limb of the river hydrograph. Recorded lake level hydrographs in the system together with
mapping of the 1956 event (RWC and WRC, 1986) supports this behaviour.

At 43 or 43.5m AHD the median duration of inundation is significantly higher. This is interpreted to be
due to the local topography around various lakes with constrictions slowing the return of flood water to
the River Murray. The constrictions appear to retain water on the floodplain around groups of lakes in
approximately five discernable regions:

*  Mournpall, Yelwell and Yerang;

* Bitterang and Konardin;

* Nip Nip, Tullamook and Boich;

* Brockie, Bulla, Roonki, Arawak and Marramook; and
e Hattah, Little Hattah and Lockie.

Once the retention levels of the lakes are reached (typically around 42.3 m AHD) the median event
duration increases very significantly since the loss of water is governed by the net effect of evaporation
from and rainfall onto the lake surface.
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Lakes Kramen and Cantala do not fit this pattern. At these sites, flood water appears to recede freely until
the retention level of the lake is reached.
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Lake Water Level (m
AHD)

(% of Retention

Levels of Lake)

Lockie 41.24m (0%)

41.48m (<25% )
41.48m (>25%)
41.72m (>50%)
41.96m (>75% )
42.20m (>100% )
>42.50m
>43.00m
>43.50m
>44.00m
>44.50m
>45.00m

>45.50m

% of Time
Exceeded

93.0
88.8
88.7
82.6
65.8
46.9
30.5
19.7
13.5

9.2

4.9

2.0

0.3

Table 6. Spells analysis of Hattah Lakes water levels

Natural
% of Years No. of
with Spells Spells
16.3 38.0
17.4 16.0
18.5 17.0
34.8 34.0
58.7 60.0
75.0 77.0
63.0 78.0
68.5 82.0
5.8 78.0
50.0 67.0
33.7 41.0
19.6 21.0
54 5.0

Duration
(weeks/event)

Average

8.8
334
249.7
116.3
52.5
29.2
18.7
1.5
8.3
6.6
5.7
45

24

Median

6.0

28.0

22.5

81.0

38.5

28.0

20.5

9.5

6.0

5.0

4.0

3.0

2.0

% of Time
Exceeded

68.3
56.0
55.6
46.0
32.9
22.8
13.8
8.0
4.8
3.2
1.9
0.8

0.1

Current

% of Years
with Spells

55.4
32.2
30.4
38.0
46.7
46.7
42.4
38.0
28.3
2.7
12.0

6.5

11

No. of
Spells

161.0
30.0
30.0
38.0
47.0
46.0
44.0
46.0
33.0
24.0
12.0
10.0

1.0

Duration
(weeks/event)
Average Median
9.4 5.0
70.2 355
88.7 69.5
57.9 43.0
33.5 29.0
23.7 23.0
15.0 14.5
8.4 6.0
6.9 4.0
6.4 3.0
74 5.0
37 25
3.0 3.0
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Lake Water Level (m Natural Current
AHD) % of Time % of Years No. of Duration % of Time % of Years No. of Duration
(% of Retention  Eyceeded  with Spells  Spells (weeks/event) Exceeded  with Spells  Spells (weeks/event)
Levels of Lake)
Average Median Average Median
Little Hattah 41.30m (0% ) 82.8 37.0 69.0 12,0 8.0 52,0 69.6 176.0 131 75
41.55m (<25%) 73.7 32,6 31.0 40.6 31.0 355 33.7 31.0 99.6 77.0
41.55m (>25%) 73.5 30.4 28.0 125.5 118.5 35.2 31.5 29.0 58.0 56.0
41.80m (>50%) 63.1 4.3 39.0 774 71.0 27.6 31.5 31.0 42,6 21.0
42.05m (>75%) 46.0 54.4 58.0 38.0 31.0 18.6 37.0 39.0 228 20.0
42.30m (>100%) 30.7 63.0 74.0 19.9 22,0 12.4 38.0 43.0 13.7 14.0
>42.50m 223 57.6 74.0 14.4 15.0 8.9 34.8 38.0 1.2 9.5
>43.00m 13.9 59.8 77.0 8.6 7.0 5.2 29.4 33.0 7.6 5.0
>43.50m 10.6 53.3 72,0 741 5.0 4.0 25.0 29.0 6.6 4.0
>44.00m 8.9 48.9 66.0 6.5 5.0 341 21.7 24.0 6.3 3.0
>44.50m 4.9 33.7 41.0 5.7 4.0 1.8 12,0 12,0 7.3 45
>45.00m 2.0 19.6 21.0 45 3.0 0.8 6.5 10.0 37 25
>45.50m 0.3 5.4 5.0 2.8 2.0 0.1 11 1.0 3.0 3.0
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Lake Water Level (m Natural Current
AHD) % of Time % of Years  No. of Duration % of Time % of Years No. of Duration
(% of Retention  Eyceeded  with Spells  Spells (weeks/event) Exceeded  with Spells  Spells (weeks/event)
Levels of Lake)
Average Median Average Median
Hattah 39.20m (0% ) 98.2 33 8.0 10.8 8.5 80.5 28.3 64.0 14.6 9.5
39.98m (<25%) 96.1 5.4 5.0 37.0 23.0 68.2 15.2 14.0 108.8 65.0
39.98m (>25%) 96.1 5.4 5.0 919.8 291.0 68.2 14.1 13.0 250.9 172.0
40.75m >50%) 91.4 10.9 10.0 437.0 337.0 55.5 20.7 21.0 126.5 112.0
41.52m (>75%) 77.0 28.3 26.0 141.7 131.5 35.8 31.5 30.0 57.1 50.0
42.30m (>100%) 40.9 56.5 65.0 30.1 28.0 12.3 38.0 43.0 13.7 14.0
>42.50m 28.9 58.7 68.0 20.3 235 8.9 34.8 38.0 1.2 9.5
>43.00m 13.9 60.9 77.0 8.7 7.0 5.2 29.4 33.0 7.6 5.0
>43.50m 10.6 53.3 72,0 741 5.0 4.0 25.0 29.0 6.6 4.0
>44.00m 8.9 48.9 66.0 6.5 5.0 341 21.7 24.0 6.3 3.0
>44.50m 4.9 33.7 41.0 5.7 4.0 1.8 12,0 12,0 7.3 45
>45.00m 2.0 19.6 21.0 45 3.0 0.8 6.5 10.0 37 25
>45.50m 0.3 5.4 5.0 2.8 2.0 0.1 11 1.0 3.0 3.0
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Lake Water Level (m Natural Current
AHD) % of Time % of Years No. of Duration % of Time % of Years No. of Duration
(% of Retention  Eyceeded  with Spells  Spells (weeks/event) Exceeded  with Spells  Spells (weeks/event)
Levels of Lake)
Average Median Average Median
Roonki 40.98m (0%) 91.0 17.4 43.0 10.0 7.0 65.0 56.5 164.0 10.2 6.0
41.31m (<25%) 80.8 25.0 24.0 38.3 23.0 50.7 23.9 22,0 107.1 79.0
41.31m (>25%) 80.6 26.1 25.0 154.2 136.0 50.6 228 21.0 115.2 113.0
41.64m (>50%) 73.5 30.4 29.0 121.2 110.0 43.6 27.2 26.0 80.2 61.0
41.97m (>75%) 61.5 4.3 42,0 70.0 51.5 27.8 37.0 34.0 39.1 28.5
42.30m (>100%) 39.1 53.3 59.0 31.7 29.0 17.1 40.2 40.0 20.5 20.0
>42.50m 27.4 56.5 64.0 20.5 225 12,5 40.2 40.0 15.0 14.5
>43.00m 12,9 58.7 78.0 7.9 6.0 6.5 37.0 39.0 8.0 6.0
>43.50m 10.4 54.4 71.0 7.0 5.0 44 25.0 30.0 7.0 4.0
>44.00m 8.7 48.9 67.0 6.2 5.0 3.2 21.7 24.0 6.3 3.0
>44.50m 4.9 33.7 41.0 5.7 4.0 1.9 12,0 12,0 74 5.0
>45.00m 2.0 19.6 21.0 45 3.0 0.8 6.5 10.0 37 25
>45.50m 0.3 5.4 5.0 24 2.0 0.1 11 1.0 3.0 3.0
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Lake Water Level (m Natural Current
AHD) % of Time % of Years No. of Duration % of Time % of Years No. of Duration
(% of Retention  Eyceeded  with Spells  Spells (weeks/event) Exceeded  with Spells  Spells (weeks/event)
Levels of Lake)
Average Median Average Median
Bulla 39.85m (0%) 97.1 5.4 9.0 15.7 10.0 73.9 31.5 67.0 18.7 1.0
40.46m (<25%) 93.5 8.7 8.0 38.8 30.5 60.1 19.6 18.0 106.1 70.5
40.46m (>25%) 93.5 8.7 8.0 559.3 348.5 60.1 18.5 17.0 169.1 120.0
41,08m (>50%) 86.6 16.3 15.0 276.3 191.0 47.8 25.0 23.0 99.4 77.0
41.69m (>75%) 7.4 31.5 31.0 110.1 98.0 31.2 31.5 30.0 49.8 35.0
42.30m (>100%) 38.3 52.2 56.0 32.7 29.0 1.2 33.7 36.0 14.9 15.0
>42.50m 26.8 57.6 64.0 20.1 225 8.0 30.4 33.0 11.6 12,0
>43.00m 12.5 59.8 80.0 75 5.0 4.6 27.2 31.0 741 4.0
>43.50m 10.2 52.2 69.0 741 5.0 3.8 23.9 28.0 6.5 4.0
>44.00m 8.7 48.9 66.0 6.3 5.0 341 21.7 24.0 6.2 3.0
>44.50m 49 33.7 41.0 5.7 4.0 1.8 12,0 12,0 7.3 45
>45.00m 2.0 19.6 21.0 45 3.0 0.8 6.5 10.0 37 25
>45.50m 0.3 5.4 5.0 2.8 2.0 0.1 11 1.0 3.0 3.0
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Lake Water Level (m Natural Current
AHD) % of Time % of Years  No. of Duration % of Time % of Years No. of Duration
(% of Retention  Eyceeded  with Spells  Spells (weeks/event) Exceeded  with Spells  Spells (weeks/event)
Levels of Lake)
Average Median Average Median
Arawak 39.94m (0%) 95.6 9.8 14.0 15.2 10.0 7241 33.7 58.0 23.0 16.5
40.53m (<25%) 89.7 13.0 12,0 41.0 30.5 59.4 19.6 18.0 107.9 73.0
40.53m >25%) 89.5 13.0 13.0 329.5 141.0 59.2 18.5 17.0 166.7 119.0
41.12m (>50%) 80.9 17.4 18.0 214.9 178.0 46.2 26.1 24.0 92.1 75.5
41.71m (>75%) 63.6 34.8 33.0 92.2 75.0 30.3 30.4 30.0 48.3 33.0
42.30m (>100%) 33.2 50.0 55.0 28.9 21.0 1.2 33.7 36.0 14.9 15.0
>42.50m 24.3 56.5 61.0 19.0 22,0 8.0 30.4 33.0 11.6 12,0
>43.00m 10.9 53.3 72,0 7.2 55 4.6 27.2 31.0 741 4.0
>43.50m 9.7 51.1 67.0 6.9 5.0 3.8 23.9 28.0 6.5 4.0
>44.00m 8.4 48.9 66.0 6.1 5.0 341 21.7 24.0 6.2 3.0
>44.50m 4.9 33.7 41.0 5.7 4.0 1.8 12,0 12,0 7.3 45
>45.00m 2.0 19.6 21.0 45 3.0 0.8 6.5 10.0 37 25
>45.50m 0.3 5.4 5.0 2.8 2.0 0.1 11 1.0 3.0 3.0
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Lake Water Level (m Natural Current
AHD) % of Time % of Years  No. of Duration % of Time % of Years No. of Duration
(% of Retention  Eyceeded  with Spells  Spells (weeks/event) Exceeded  with Spells  Spells (weeks/event)
Levels of Lake)
Average Median Average Median
Marramook 41.88m (0%) 61.7 44.6 71.0 25.8 16.0 21.3 77.2 141.0 24.7 17.0
41.98m (<25%) 52.4 30.4 28.0 81.4 75.0 15.0 19.6 18.0 225.9 144.0
41.98m (>25%) 52.4 29.4 21.0 92.8 81.0 15.0 17.4 17.0 422 29.0
42.09m (>50%) 471 29.4 34.0 66.2 58.0 12,5 18.5 17.0 35.2 24.0
42.20m (>75%) 40.3 38.0 36.0 53.6 37.0 10.7 20.7 19.0 26.8 21.0
42.30m (>100%) 33.7 424 41.0 39.3 31.0 8.7 20.7 20.0 20.9 19.5
>42.50m 23.6 47.8 46.0 24.5 23.0 6.4 20.7 20.0 15.4 14.0
>43.00m 9.2 48.9 65.0 6.8 5.0 33 20.7 23.0 6.9 4.0
>43.50m 8.5 48.9 66.0 6.1 5.0 29 19.6 22,0 6.3 35
>44.00m 7.7 47.8 63.0 5.8 4.0 2.7 18.5 21.0 6.1 4.0
>44.50m 4.9 33.7 41.0 5.7 4.0 1.8 12,0 12,0 7.3 45
>45.00m 2.0 19.6 21.0 45 3.0 0.8 6.5 10.0 37 25
>45.50m 0.3 5.4 5.0 24 2.0 0.1 11 1.0 3.0 3.0
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Hydrology SECTION 2
Lake Water Level (m Natural Current
AHD) % of Time % of Years No. of Duration % of Time % of Years No. of Duration
(% of Retention  Eyceeded  with Spells  Spells (weeks/event) Exceeded  with Spells  Spells (weeks/event)
Levels of Lake)
Average Median Average Median
Brockie 39.99m (0%) 94.1 14.1 36.0 7.9 4.0 58.6 59.8 179.0 1.4 6.0
40.57m (<25%) 85.7 14.1 13.0 52.7 40.0 38.8 14.1 13.0 225.2 139.0
40.57m (>25%) 85.7 13.0 12,0 341.6 202.5 38.8 13.0 12,0 154.8 115.0
41.14m (>50%) 75.9 19.6 18.0 201.7 144.0 29.1 16.3 15.0 92.9 77.0
41.72m (>75%) 61.0 27.2 26.0 112.3 97.0 2241 16.3 15.0 70.3 55.0
42.30m (>100%) 33.6 424 41.0 39.2 30.0 8.6 20.7 20.0 20.7 19.0
>42.50m 235 47.8 46.0 24.4 23.0 6.4 20.7 20.0 15.2 14.0
>43.00m 9.2 48.9 65.0 6.8 5.0 3.2 20.7 23.0 6.7 4.0
>43.50m 8.4 48.9 66.0 6.1 5.0 2.8 19.6 22,0 6.2 35
>44.00m 7.7 47.8 63.0 5.8 4.0 2.7 18.5 21.0 6.1 4.0
>44.50m 4.9 33.7 41.0 5.7 4.0 1.8 12,0 12,0 7.3 45
>45.00m 2.0 19.6 21.0 45 3.0 0.8 6.5 10.0 37 25
>45.50m 0.3 5.4 5.0 24 2.0 0.1 11 1.0 3.0 3.0
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Hydrology SECTION 2
Lake Water Level (m Natural Current
AHD) % of Time % of Years  No. of Duration % of Time % of Years No. of Duration
(% of Retention  Eyceeded  with Spells  Spells (weeks/event) Exceeded  with Spells  Spells (weeks/event)
Levels of Lake)
Average Median Average Median
Boich 41.00m (0%) 86.1 21.7 40.0 16.7 12,0 49.7 60.9 131.0 18.4 11.0
41.40m (<25%) 774 18.5 17.0 63.6 58.0 33.8 17.4 16.0 198.1 115.5
41.40m (>25%) 71.2 17.4 16.0 230.9 144.0 33.6 16.3 15.0 107.2 98.0
41.80m (>50%) 65.3 26.1 24.0 130.3 103.5 27.6 16.3 16.0 824 71.0
42.20 (>75%) 57.6 28.3 26.0 105.9 84.5 22.8 16.3 15.0 72.7 57.0
42.60m (>100%) 34.7 4.3 39.0 42,6 320 12.6 18.5 17.0 35.4 24.0
>43.00m 18.5 44.6 48.0 18.5 18.0 6.6 20.7 20.0 15.7 14.5
>43.50m 8.7 48.9 66.0 6.3 5.0 3.0 20.7 23.0 6.2 3.0
>44.00m 7.7 47.8 63.0 5.9 4.0 2.7 18.5 21.0 6.1 4.0
>44.50m 4.9 33.7 41.0 5.7 4.0 1.8 12,0 12,0 7.3 45
>45.00m 2.0 19.6 21.0 45 3.0 0.8 6.5 10.0 37 25
>45.50m 0.3 5.4 5.0 2.8 2.0 0.1 11 1.0 3.0 3.0
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Hydrology SECTION 2
Lake Water Level (m Natural Current
AHD) % of Time % of Years No. of Duration % of Time % of Years No. of Duration
(% of Retention  Eyceeded  with Spells  Spells (weeks/event) Exceeded  with Spells  Spells (weeks/event)
Levels of Lake)
Average Median Average Median
Tullamook 40.90m (0%) 87.2 19.6 21.0 22.7 18.0 48.1 56.5 103.0 24.1 17.0
41.32m (<25%) 79.0 17.4 16.0 62.8 59.0 35.0 15.2 14.0 222.3 139.5
41.32m (>25%) 79.0 16.3 15.0 251.9 132.0 35.0 14.1 13.0 128.6 106.0
41.75m (>50%) 66.5 25.0 24.0 132.5 105.5 28.1 16.3 15.0 89.7 75.0
42.18m (>75%) 58.3 28.3 26.0 107.4 86.5 23.3 16.3 15.0 74.4 60.0
42.60m (>100%) 34.7 4.3 39.0 42.5 320 12.6 18.5 17.0 35.4 24.0
>43.00m 18.4 44.6 49.0 18.0 18.0 6.6 20.7 20.0 15.7 14.5
>43.50m 8.7 48.9 66.0 6.3 5.0 3.0 20.7 23.0 6.2 3.0
>44.00m 7.7 47.8 63.0 5.9 4.0 2.7 18.5 21.0 6.1 4.0
>44.50m 4.9 33.7 41.0 5.7 4.0 1.8 12,0 12,0 7.3 45
>45.00m 1.9 18.5 21.0 44 3.0 0.8 6.5 9.0 4.0 3.0
>45.50m 0.3 5.4 5.0 2.8 2.0 0.1 11 1.0 3.0 3.0
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Hydrology SECTION 2
Lake Water Level (m Natural Current
AHD) % of Time % of Years  No. of Duration % of Time % of Years No. of Duration
(% of Retention  Eyceeded  with Spells  Spells (weeks/event) Exceeded  with Spells  Spells (weeks/event)
Levels of Lake)
Average Median Average Median
Nip Nip 41.22m (0%) 85.2 23.9 56.0 12.7 9.0 50.6 64.1 161.0 14.7 10.0
41.56m (<25%) 76.1 18.5 17.0 67.2 65.0 32.7 17.4 16.0 201.2 17.0
41.56m (>25%) 76.1 17.4 16.0 227.6 139.0 32.7 16.3 15.0 104.3 93.0
41.91m (>50%) 65.3 26.1 24.0 130.3 103.5 27.6 16.3 16.0 824 71.0
42.26m (>75%) 58.9 28.3 26.0 108.4 89.0 24.0 17.4 16.0 71.6 60.5
42.60m (>100%) 4.5 35.9 34.0 58.3 41.0 15.5 17.4 16.0 46.4 30.5
>43.00m 21.6 46.7 46.0 225 21.0 7.8 20.7 21.0 17.7 17.0
>43.50m 8.8 48.9 66.0 6.4 5.0 341 20.7 23.0 6.4 4.0
>44.00m 7.8 47.8 63.0 5.9 4.0 2.7 18.5 21.0 6.1 4.0
>44.50m 4.9 33.7 41.0 5.7 4.0 1.8 12,0 12,0 7.3 45
>45.00m 2.0 19.6 21.0 45 3.0 0.8 6.5 10.0 37 25
>45.50m 0.3 5.4 5.0 2.8 2.0 0.1 11 1.0 3.0 3.0
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Hydrology SECTION 2
Lake Water Level (m Natural Current
AHD) % of Time % of Years  No. of Duration % of Time % of Years No. of Duration
(% of Retention  Eyceeded  with Spells  Spells (weeks/event) Exceeded  with Spells  Spells (weeks/event)
Levels of Lake)
Average Median Average Median
Yerang 40.89m (0%) 89.7 18.5 34.0 14.4 9.0 60.1 55.4 122.0 15.7 10.0
41.27m (<25%) 79.6 27.2 25.0 39.0 25.0 42,6 30.4 28.0 98.1 70.5
41.27m (>25%) 79.6 27.2 25.0 152.4 132.0 42,6 27.2 21.0 75.4 71.0
(41.64m (>50%) 70.9 32,6 30.0 113.1 91.5 328 31.5 30.0 52.2 38.5
42.02m (>75%) 48.0 54.4 61.0 31.7 31.0 19.8 34.8 37.0 25.6 16.0
42.40m (>100%) 28.5 63.0 76.0 18.0 20.0 1.3 40.2 43.0 12.6 11.0
>42.50m 251 62.0 77.0 15.6 18.0 10.0 39.1 43.0 1.1 9.0
>43.00m 15.9 64.1 76.0 10.0 8.0 6.2 34.8 37.0 8.0 5.0
>43.50m 1.8 58.7 78.0 7.2 5.0 4.2 25.0 29.0 6.9 4.0
>44.00m 8.7 48.9 66.0 6.3 5.0 341 21.7 24.0 6.2 3.0
>44.50m 4.1 30.4 36.0 5.4 35 1.6 10.9 10.0 7.8 5.0
>45.00m 13 13.0 16.0 3.9 3.0 0.5 44 5.0 5.0 3.0
>45.50m 0.1 2.2 2.0 2.0 2.0 0.0 11 1.0 2.0 2.0
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Hydrology SECTION 2

Lake Water Level (m Natural Current
AHD) % of Time % of Years  No. of Duration % of Time % of Years No. of Duration
(% of Retention  Eyceeded  with Spells  Spells (weeks/event) Exceeded  with Spells  Spells (weeks/event)
Levels of Lake)
Average Median Average Median
Mournpall 39.22m (0%) 97.8 44 10.0 10.6 10.0 75.1 34.8 77.0 15.5 10.0
40.02m (<25%) 93.9 7.6 7.0 41.4 29.0 59.0 20.7 19.0 103.4 52.0
40.02m (>25%) 93.9 7.6 7.0 642.0 424.0 59.0 17.4 18.0 156.7 128.5
40.81m (>50%) 84.3 16.3 17.0 237.2 132.0 421 20.7 20.0 100.8 85.0
41.60m (>75%) 64.3 33.7 320 96.2 75.5 26.5 23.9 22,0 57.6 57.0
42.40m (>100%) 225 57.6 62.0 17.3 20.0 8.3 25.0 21.0 14.7 15.0
>42.50m 19.3 54.4 62.0 14.9 16.5 741 228 25.0 13.6 14.0
>43.00m 10.6 53.3 71.0 741 5.0 4.0 25.0 30.0 6.4 4.0
>43.50m 9.5 50.0 67.0 6.8 5.0 34 228 26.0 6.3 35
>44.00m 8.2 48.9 66.0 5.9 45 2.8 19.6 22,0 6.1 3.0
>44.50m 4.0 30.4 36.0 5.4 35 1.6 10.9 10.0 7.8 5.0
>45.00m 13 13.0 16.0 3.9 3.0 0.5 44 5.0 5.0 3.0
>45.50m 0.1 2.2 2.0 2.0 2.0 0.0 11 1.0 2.0 2.0
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Hydrology SECTION 2
Lake Water Level (m Natural Current
AHD) % of Time % of Years No. of Duration % of Time % of Years No. of Duration
(% of Retention  Eyceeded  with Spells  Spells (weeks/event) Exceeded  with Spells  Spells (weeks/event)
Levels of Lake)
Average Median Average Median
Yelwell 40.89m (0%) 89.2 19.6 30.0 17.3 1.5 61.8 52.2 11.0 16.5 10.0
41.22m (<25%) 78.9 26.1 25.0 40.5 28.0 48.8 25.0 23.0 106.6 84.0
41.22m (>25%) 78.9 26.1 25.0 150.9 133.0 48.8 23.9 22,0 106.0 84.5
41.54m (>50%) 71.9 31.5 29.0 118.6 106.0 38.8 30.4 29.0 63.9 57.0
41.87m (>75%) 56.5 43.5 44.0 61.4 47.0 21.5 33.7 320 41.0 21.5
42.20m (>100%) 33.3 57.6 61.0 26.2 21.0 16.1 35.9 36.0 214 21.0
>42.50m 20.8 56.5 66.0 15.0 17.0 8.7 33.7 37.0 1.2 10.0
>43.00m 12.1 58.7 79.0 74 5.0 4.8 28.3 33.0 7.0 5.0
>43.50m 10.0 51.1 68.0 7.0 5.0 37 23.9 28.0 6.4 4.0
>44.00m 8.1 48.9 66.0 5.9 5.0 29 19.6 22,0 6.3 35
>44.50m 4.0 30.4 36.0 53 35 1.6 10.9 10.0 7.6 5.0
>45.00m 13 13.0 16.0 3.9 3.0 0.5 44 5.0 5.0 3.0
>45.50m 0.1 2.2 2.0 2.0 2.0 0.0 11 1.0 2.0 2.0
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Hydrology SECTION 2
Lake Water Level (m Natural Current
AHD) % of Time % of Years  No. of Duration % of Time % of Years No. of Duration
(% of Retention  Eyceeded  with Spells  Spells (weeks/event) Exceeded  with Spells  Spells (weeks/event)
Levels of Lake)
Average Median Average Median
Konardin 40.57m (0%) 89.0 18.5 21.0 19.5 18.0 49.8 56.5 103.0 23.3 16.0
41.00m (<25%) 81.1 17.4 16.0 56.5 52.0 37.3 14.1 13.0 230.9 14.3
41.00m (>25%) 81.1 15.2 15.0 258.7 231.0 37.3 13.0 12,0 148.6 110.0
41.44m (>50%) 69.4 228 21.0 158.1 132.0 .29.49 16.3 16.0 88.2 7.5
41.87m (>75%) 60.8 27.2 25.0 116.3 111.0 24.9 16.3 15.0 79.5 67.0
42.30m (>100%) 4.2 35.9 35.0 56.3 39.0 15.1 17.4 16.0 45.0 30.5
>42.50m 29.5 45.7 42,0 33.6 21.0 10.7 19.6 18.0 28.5 21.0
>43.00m 9.4 48.9 65.0 6.9 5.0 34 21.7 24.0 6.7 4.0
>43.50m 8.4 48.9 66.0 6.1 5.0 29 19.6 22,0 6.3 35
>44.00m 7.6 47.8 63.0 5.8 4.0 2.7 18.5 21.0 6.1 4.0
>44.50m 4.0 30.4 36.0 5.4 35 1.6 10.9 10.0 7.8 5.0
>45.00m 13 13.0 16.0 3.9 3.0 0.5 44 5.0 5.0 3.0
>45.50m 0.1 2.2 2.0 2.0 2.0 0.0 11 1.0 2.0 2.0
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Hydrology SECTION 2

Lake Water Level (m Natural Current
AHD) % of Time % of Years  No. of Duration % of Time % of Years No. of Duration
(% of Retention  Eyceeded  with Spells  Spells (weeks/event) Exceeded  with Spells  Spells (weeks/event)
Levels of Lake)
Average Median Average Median
Bitterang 40.11m (0%) 91.6 15.2 31.0 13.0 9.0 54.7 57.6 129.0 16.8 10.0
40.71m (<25%) 82.1 16.3 15.0 57.0 51.0 37.8 14.1 13.0 229.0 143.0
40.71m (>25%) 82.1 15.2 14.0 280.6 236.0 37.8 13.0 12,0 150.6 114.5
41.30m (>50%) 66.9 25.0 23.0 139.1 120.0 28.1 16.3 15.0 89.7 76.0
41.90m (>75%) 51.0 29.4 21.0 90.4 80.0 19.2 16.3 16.0 51.5 46.5
42.50m (>100%) 20.7 45.7 47.0 211 21.0 7.2 20.7 20.0 17.3 17.5
>43.00m 74 424 56.0 6.3 5.0 25 17.4 19.0 6.3 4.0
>43.50m 6.0 4.3 53.0 55 4.0 241 14.1 15.0 6.7 5.0
>44.00m 35 26.1 30.0 5.6 4.0 1.4 9.8 9.0 7.6 5.0
>44.50m 13 14.1 17.0 3.8 3.0 0.5 44 5.0 5.2 3.0
>45.00m 0.1 2.2 2.0 2.0 2.0 0.0 11 1.0 2.0 2.0
>45.50m
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Hydrology SECTION 2
Lake Water Level (m Natural Current
AHD) % of Time % of Years  No. of Duration % of Time % of Years No. of Duration
(% of Retention  Eyceeded  with Spells  Spells (weeks/event) Exceeded  with Spells  Spells (weeks/event)
Levels of Lake)
Average Median Average Median
Cantala 40.16m (0%) 85.3 21.7 37.0 19.0 18.0 49.2 58.7 122.0 19.9 12,0
40.72m (<25%) 70.9 26.1 24.0 58.1 47.0 31.3 17.4 16.0 205.4 119.5
40.72m (>25%) 70.4 23.9 22,0 153.0 128.5 31.2 16.3 15.0 99.5 85.0
41.28m (>50%) 57.1 28.3 26.0 105.1 90.0 24.4 16.3 15.0 7.7 64.0
41.84m (>75%) 29.2 424 41.0 34.1 21.0 1.2 19.6 19.0 28.3 22,0
42.40m (>100%) 9.3 48.9 65.0 6.9 5.0 33 21.7 24.0 6.6 4.0
>42.50m 9.1 48.9 65.0 6.7 5.0 33 21.7 24.0 6.5 35
>43.00m 8.3 48.9 66.0 6.0 5.0 29 19.6 22,0 6.2 35
>43.50m 7.6 47.8 63.0 5.8 4.0 2.7 18.5 21.0 6.1 4.0
>44.00m 53 38.0 46.0 55 4.0 1.9 12,0 12,0 75 5.0
>44.50m 25 228 25.0 4.7 2.0 1.0 7.6 8.0 6.3 5.0
>45.00m 0.2 44 4.0 1.8 1.5 0.0 11 1.0 2.0 2.0
>45.50m
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Hydrology SECTION 2
Lake Water Level (m Natural Current
AHD) % of Time % of Years  No. of Duration % of Time % of Years No. of Duration
(% of Retention  Eyceeded  with Spells  Spells (weeks/event) Exceeded  with Spells  Spells (weeks/event)
Levels of Lake)
Average Median Average Median
Kramen 40.75m (0%) 45.4 76.1 191.0 13.7 8.0 29.9 91.3 271.0 12.4 8.0
41.46m (<25%) 21.3 6.5 6.0 627.5 625.0 7.2 33 3.0 1479.7 1898.0
41.46m (>25%) 21.3 5.4 5.0 203.8 236.0 7.2 2.2 2.0 172.5 172.5
42.18m (>50%) 15.7 5.4 5.0 149.8 153.0 5.6 2.2 2.0 135.0 135.0
42.89m (>75%) 1.3 5.4 5.0 107.6 125.0 4.2 2.2 2.0 100.5 100.5
43.60m (>100%) 8.0 44 4.0 95.5 92.0 2.2 2.2 2.0 51.5 51.5
>44.00m 5.1 5.4 5.0 48.6 34.0 1.6 11 1.0 77.0 77.0
>44.50m 3.2 44 4.0 37.8 4.5 13 11 1.0 63.0 63.0
>45.00m 11 2.2 2.0 26.0 26.0 0.6 11 1.0 29.0 29.0
>45.50m 0.1 2.2 2.0 1.5 1.5 0.0 11 1.0 1.0 1.0
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Hydrology SECTION 2

Figure 12. Lockie spells analysis and inundation duration curve
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Hydrology SECTION 2

Figure 13. Little Hattah spells analysis and inundation duration curve

200

No of Spells

Elm .

T T T T T T T
0% <25% >25% >50% >75% >100%  >42.5m >43.0m  >43.5m  >44.0m >44.5m  >45.0m >45.5m

o Naturd ®m Current

100

90

80

/’

70

Ve

60

50 - >

L 4

40

Percentage of Time Exceeded (%)
[ |
L
7

30 N »

/

20

/

n
L
4
I

: :
0% <25%  >25%  >50%  >75%  >100% >42.50m
(4130m) (4155m) (41.55m) (41.80m) (42.05m) (42.30m)

| | ‘ I---.‘...‘ﬁ_‘.‘.—~,-
>43.00m >4350m >44.00m >4450m >45.00m >4550m

‘— -+ — Natural - - # --Current

2-37



Hydrology SECTION 2

Figure 14. Hattah spells analysis and inundation duration curve

920

80

70

60

50

40 - —

No of Spells

30

0% <25% >25% >50% >75% >100%  >42.5m  >43.0m >43.5m  >44.0m >44.5m >45.0m  >45.5m

o Naturd ®m Current

100

/

90 ~x

80 e

70 = Y

60 - z

50 - y

40 23

Percentage of Time Exceeded (%)

30 : >

e

20 A

r

[ ]

]
s
4

/

RS o

0 | |
0% <25%  >25%  >50%  >75%  >100% >42.50m
(39.20m) (39.98m) (39.98m) (40.75m) (4152m) (42.30m)

T T
>43.00m >43.50m >44.00m >4450m >4500m >4550m

‘— -+ — Natural - - # - Current

2-38



Hydrology SECTION 2

Figure 15. Roonki spells analysis and inundation duration curve
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Hydrology SECTION 2

Figure 16. Bulla spells analysis and inundation duration curve
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Hydrology

SECTION 2

Figure 17. Arawak spells analysis and inundation duration curve
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Figure 18. Marramook spells analysis and inundation duration curve
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Figure 19. Brockie spells analysis and inundation duration curve
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Figure 20. Boich spells analysis and inundation duration curve
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Figure 21. Tullamook spells analysis and inundation duration curve

1R

0% <25% >25% >50% >75% >100% >42.5m >43.0m  >435m >44.0m >44 5m >450m  >455m
[ -«
[ ~
L ~
~
L h -
~
r N
r N
r N
F IN
F *
L ~
~
r ~
<
r hY
L \
F A
L .‘ \
[ : \
[ . \
A\
r N
[ ] ] \5\
[ \
[ m. \\
[ . N
[ ", N
[ -
L ~
[ N
[ n N
t . e ——— -
r - . ——
, m LTINSy
T T T T T T T T T T — ‘ T ==
40.90m 41.32m 41.32m 41.75m 42.18m 42.60m >4300m >4350m >4400m >4450m >4500m >4550m
(0%) (<25%) (>25%) (>50%) (>75%)  (>100%)

‘— - — Natural - - & -.Current

2-45



Hydrology SECTION 2

Figure 22. Nip Nip spells analysis and inundation duration curve
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Figure 23. Yerang spells analysis and inundation duration curve
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Figure 24. Mournpall spells analysis and inundation duration curve
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Figure 25. Yelwell spells analysis and inundation duration curve
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Figure 26. Konardin spells analysis and inundation duration curve
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Figure 27. Bitterang spells analysis and inundation duration curve
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Figure 28. Cantala spells analysis and inundation duration curve
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Figure 29. Kramen spells analysis and inundation duration curve
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2.4  Analysis of Ecological Vegetation Classes

Digital Elevation Model (DEM)

A DEM was constructed using extensive LIDAR Survey data sourced from the Mallee Catchment
Management Authority (CMA). This required thinning of data in order to reduce survey to a manageable
amount able to be handled by 12D (terrain analysis software). 12D was used to produce a triangulated
surface required for use in:

* assigning elevation to ecological vegetation class (EVC) boundaries by draping them onto the newly
created surface;

¢ determination of lake retention levels;
* determination of creek invert levels;

* initial investigation of elevation range of individual EVC over the entire floodplain which suggested
the requirement of a regional approach to understanding how EVC relate to elevation; and

* determination of suitable locations for possible engineering works to alter the hydraulics of the lakes
capable of provide maximum ecological benefit.

EVC boundaries were identified by Ecological Associates and supplied to URS for GIS analysis.

GIS EVC Floodplain Analysis

In order to best understand pre-regulation watering of each EVC within regions of the entire floodplain a
relationship was developed between inundation levels and EVC areas. Essentially, this was achieved by:

* segregating wetlands and floodplains into 8 contiguous regions within similar hydrological
characteristics (Figure 30)

* constructing multiple inundation level (m) grid layers (eg. 40, 40.5 — 46m)
* extracting EVC area information from each inundation level for all 8 regions

From this analysis a set of EVC depth-area relationships have been developed for each region. The EVC
within the Hattah Lakes system comprised of:

* Fringing Red Gum Woodland (FRGW)

¢ Black Box Woodland (BBW)

* Red Gum Woodland with Flood Tolerant Understorey (RGW-FTU)

* Red Gum Forest (RGF)

* Lignum Shrubland (LS)

*  Wetland
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Figure 30 Hydrologically similar regions used for EVC analysis

Figure 31 to Figure 38 show the depth — area relationship for each of the eight regions. The bar chart
represents the area (ha) inundated for each ecological vegetation class within the region while the line
chart represents the percentage of area inundated to the total area within the region. The data are
presented in tabular form in Appendix D. The results in spells analysis could be used to determine the
frequency of wetting and drying of each region.
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Figure 31. Lockie region depth-area relationship
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Figure 32. Bitterang region depth-area relationship
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Figure 33. Brockie region depth-area relationship
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Figure 34. Cantala region depth-area relationship
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Figure 35. Chalka region depth-area relationship
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