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Executive Summary

An assessment of the changed flooding regimes on the Victorian River Murray floodplain
has been undertaken from Hume Dam to the South Australian border using the River
Murray Floodplain Inundation Model (RiM-FIM). A flood index has been developed
annually for the whole floodplain which scores the number of ‘natural return periods’
since the last flood. This flood index has been linked to vegetation decline (high risk)
when the index is 3 or greater (three times the natural return period since last flood) in
the dry and salinised western portion of the Victorian floodplain. The results show that
up to 74% of the floodplain is at this high risk category from reduced flooding frequency.
The project has identified the area with the largest reduction in flooding frequencies as
the riverine and floodplain forest areas, along with floodplain woodlands and lignum
areas.

This report suggests that the flood index is useful for identifying vegetation health areas
for vegetation away from permanent water. Vegetation in areas flooded within their
natural return period are generally healthy, areas with a flood index of 2 are healthy to
unhealthy and areas of flood index of 3 or greater are unhealthy to dead. A flood index
of 2 is half the frequency of a natural regime. Cullen (2001) states that “Any river where
more than one third of the median flow is extracted is likely to be seriously damaged”.
This equates to a flood index of 1 and a half. It is reasonable to suggest that extracting
two thirds of the water (a flood index of 3) can be linked to the death of the vegetation.
Jones (2002) indicates that the probability of having a healthy working river is high when
you have two thirds of more of the natural flow, moderate when you have greater than
one half (flood index of 2) and low when you have less than half (flood index of 3 or
more). The period 1950 to 1980 is approximately one half of natural.

Flood index values below 3 (low risk) were present over most of the floodplain in the late
1960s and early 1970s. This suggests that the volume of flow in the river during the
1950s to 1970s was sufficient to maintain vegetation health. This is supported by
healthy floodplain vegetation being observed in that time period. Preliminary results of
the volumes of water required to restore/maintain vegetation health can be estimated
from the volumes during that time period. Volumes include approximately 1,700GL per
year on floodplains in the lower River Murray and approximately 1,000GL per year on
floodplains in the upper River Murray which are total river flows and less volume would
be needed for environmental flows if they were to picky-back on high flows at the time of
release.

This project is Stage 1 of a two part investigation on flood regime habitats, vegetation
health and environmental flow recommendations for the Victorian Environmental
Assessment Council.
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1. INTRODUCTION

The River Murray is Australia’s largest river and plays a vital role in Australia’s economy
and contains much of Australia’s unique river red gum forests and associated
ecosystems. The Murray-Darling Basin catchment occupies one seventh of Australia
and contributes to 70% of Australia’s irrigated crops and pastures. Management of the
River Murray has been managed to mitigate large floods and to protect infrastructure,
while maintaining storages for regular water supply to irrigators. Concerns over river
health have increased the attention on environmental flow strategies over the past
decade and the focus is on acquiring, releasing and managing flows to provide
environmental benefits to the floodplain, wetlands and in-stream water quality.

The River Murray floodplain is suffering severe decline of its dominant Eucalyptus tree
species. A survey of the tree health of River Red Gum and Black Box below Euston in
2003 found that 70% of trees were poor or dead (MDBC 2003). A later survey in 2004
(Brett Lane and Associates 2004) extending up to Gunbower found 75.5% of all trees
were considered stressed.

The Lower River Murray has reduced rainfall and higher groundwater levels compared
with the upper part of the river catchment and therefore shows a greater decline as a
result of river regulation and drought conditions. The upper part of the River Murray has
traditionally been considered safe from vegetation decline, however, Brett Lane and
Associates (2005) found in Gunbower State Forest that 25% of River Red Gums and
14% of the Grey Box had less than 50% of their original canopies. Recent field surveys
in Barmah forest have also revealed stressed trees.

Today, flooding regimes are only a fraction of what they were originally and many
floodplain areas are suffering as a result of this decline in water availability. This is
particularly the case in the lower River Murray where flooding is required to combat salt
accumulation from the naturally saline regional aquifer that discharges into the river in
this region. Many wetlands within the river system are also suffering from reduced
flooding, increased summer inundation or permanent inundation.

CSIRO Water for a Healthy Country Technical Report Page 13
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Figure 1. A healthy wetland in the River Murray relies on a frequent water regime.

The role of the Victorian Environmental Assessment (VEAC) is to conduct investigations
requested by the Victorian Government relating to the protection and ecologically
sustainable management of the environment and natural resources of public land, such as
the current investigation onto the River Red Gum Forests of the Murray Valley. VEAC has
developed a Draft Proposals Paper with draft recommendations for environmental water for
the forests and wetlands on public land in its River Red Gum Forests Investigation area.

VEAC acknowledges that it is not possible to return to the natural flow regimes prior to
regulation of the Murray River and that the protection of natural values will not, by itself,
be achieved through changing public land use categories. River red gum forests,
wetlands and associated ecosystems will only be protected through the delivery of water
flow regimes that mimick natural flooding conditions. However, such regimes are
dependent on the long term security of water allocations for environmental flows relative
to other water users. This includes access to secure storage of water for environmental
flows and taking a broader system level approach.

In response to this broader system level approach, VEAC is presenting for public
comment a number of proposed recommendations relating to environmental flows. The
basis of these proposed recommendations is the need to maintain flood connectivity
between river channel and floodplains through overbank flows, thereby achieving the
adequate transfer of nutrients and energy across the floodplain and along the length of
the river system. It is also recommended that where possible, environmental flows need
to be considered for the entire length of the Murray River as a system and not for
discrete reaches.

To achieve these objectives, VEAC will make recommendations around flow regimes
required for all natural systems on public land, which will involve describing what the
necessary flow regime might be for all reaches of the Murray River, in order to achieve a
healthy floodplain which maintains all the vegetation groups present. Some key
components of the flow regime to be considered include daily flow rates, the area of the
floodplain which might be inundated with that daily flow and the vegetation groups that
will benefit from the inundation resulting from that daily flow. These components should

CSIRO Water for a Healthy Country Technical Report Page 14
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then be linked to a description of flood duration and flood return frequency for river
reaches (zones) as well as Icon sites.

VEAC's proposals for environmental water will be based on an understanding of the
relationship between:
1. The ecological benefits of the proposals (~ areal/vegetation types inundated
and therefore maintained in good health), and
2. The water required to achieve these benefits (expressed as flow rates, and
duration and frequency of inundation, from which the total volume required can
be calculated).

Given that this will be a complex, non-linear relationship, the project will use the four
VEAC scenarios:

1. Current Case:
current water regime (i.e. not including the proposed 500 GL from The Living
Murray Initiative)
water extraction as in the last 15 years (1992-2007) repeated
‘what would happen if we continued to manage the river and its floodplain as we
have for the last 15 years including the climate of the last 15 years’

2. Base Case:
current case (as above), plus current plans (i.e. including 500 GL from The Living
Murray)
water use as in the last 15 years (1992-2007) repeated with an extra 500 GL
‘what would happen if we managed the river and its floodplain as is currently
planned (including The Living Murray, but not any recommendations from VEAC)
under the last 15 years’ climate’

3. Best Case (not natural):

- the best achievable outcome for the environment that VEAC could recommend
this report puts forward a case for using the 1950-1970 flow regime which includes
current infrastructure with the water extractions at that time
‘what would happen if the river and its floodplain were managed to maintain in a
healthy state all areas currently in that state or potentially so if inundated in the
next five or so years’ or ‘what would happen if we managed the river and
inundation of its floodplain as it was in the 1950s and 60s when the floodplain
condition was much better’

4. Natural Case:
the natural water regime (prior to regulation and extraction)
use BIigMOD modelled ‘natural’” (removes extractions and in-channel
infrastructure)
‘the natural/original operation of the river and its floodplain for comparison and
determination of natural flow requirements’

CSIRO Water for a Healthy Country Technical Report Page 15
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2. METHODOLOGY

2.1 Victorian Floodplain Geographic Data

The River Murray floodplain in Victoria was identified using spatial data within a
Geographic Information System (GIS) using data available through the River Murray
Floodplain Inundation Model (RiM-FIM) (Overton, et al., 2006). Figure 1 shows the
floodplain in Victoria covering zones 1 (below Hume Dam) to 16 (South Australian
Border). The VEAC area of interest extends beyond the River Murray boundary up the
major tributaries. The RiIM-FIM does not currently extend beyond the River Murray
floodplain so this analysis was limited to the River Murray floodplain.

The River Murray Floodplain Inundation Model (RiM-FIM) was developed from satellite
imagery of a range of flood extents and combined with elevation data to interpolate
between flood events (Overton, 2005).

Prior to the RiM-FIM becoming available this type of analysis was not possible. The
commence-to-flood flow for the whole floodplain allows analysis of flood extent and flood
return periods given defined flow hydrographs. This allows us to examine current and
previous flood regimes on the floodplain and to predict flood regimes from future flow
scenarios such as environmental flow strategies.

CSIRO Water for a Healthy Country Technical Report Page 16
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Figure 2. The twenty two zones of the River Murray Floodplain, from Hume Dam in Victoria to
Wellington in South Australia (Overton et al. 2006).

The Victorian Department of Sustainability and Environment has mapped the floodplain
vegetation using Ecological Vegetation Communities (EVC) mapping units. This data
was provided by VEAC for this study. The EVC mapping of existing floodplain
vegetation is complex and includes a number of vegetation community classes. It was
decided to reduce these classes to simplify the analysis of flood regime. The fist stage

of this was to use the simplified classes provided by VEAC and to then further simplify
them into the classes in Table 1.

Table 1. Area (ha) of each vegetation class simplified from the Victorian EVC mapping for the
River Murray floodplain.

Vegetation Class Area (ha) % of area
water 8590 4
wetlands 23133 11
aquatic 2356 1
forest 22828 11
woodlands 28913 14

CSIRO Water for a Healthy Country Technical Report Page 17
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woodlands/lignum 17682 8
lignum 3160 1
floodplain forest 14169 7
floodplain woodlands 78741 37
grass 595 <1
chenopods 9322 4
saline 1231 1
sand 43 <1
non-riparian 1079 1

Surface hydrology data was provided by the Murray-Darling Basin Commission and
consisted of ‘modelled’ daily flow data from the MSM BigMOD programme and actual
recorded data at a number of gauging stations. This project was particularly interested
in the flows over the last 50 years. Hydrology data for natural flows was also provided
by the MDBC as ‘modelled’ daily flow data under natural conditions which consists of the

removal of storages and infrastructure with no water extractions.

The extent of the

natural floodplain would have been reduced by levees and other barriers but it is the flow
in the river under natural conditions that we are using and not the natural flood extent.

CSIRO Water for a Healthy Country Technical Report
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2.2 Calculating a Flood Index

In order to calculate the flood index and create flood index maps for the Victorian reach
of the River Murray, the floodplain was divided into 16 zones from the Hume weir to the
South Australia-Victorian border, with zone 1 being downstream of the Hume weir to
zone 16 which begins at lock 7 and ends at the border. Several zones, such as Zone 5,
6 and 11 also included additional flows from incoming rivers such as the Goulburn and
Campaspe rivers. For each zone BigMOD-modelled daily flow data for each zone
(GL/day) spanning the years of 1891 to 2000 (in the first instance) under current and
natural flow regimes. The outputs were used to extract a maximum flow rate per year,
under both scenarios. Where available. Actual current flow data was used from 2000 to
mid 2004 if the data was available. All values up to 2007 that were not available, were
estimated from previous recent flows in each zone.

The current flow regime data were used to calculate how many years since a flood last
occurred in each zone, covering a range of flow rates (5 — 250 GL/day) using data from
1956 to current. The flow data from the major 1956 flood were used as the baseline for
flooding over the past 51 years.

The BIGMOD natural data were used to determine the natural flood return period for
each zone for the range of flow rates. The natural flood return data were compared to
the years since last flood information for the same zone, producing a ratio of actual
flow/natural flow for each zone for the range of flow rates. This ratio is referred to as the
flood index. The flood index implies a level of risk to the floodplain vegetation
communities. For example an area of floodplain has a flood index of 5 if it is flooded on
a 4 yearly basis under a natural regime, but under current flow conditions hasn’'t been
flooded for the last 20 years. That area has now not been flooded for 5 times its natural
flood return interval. Low risk is identified as being a flood index less than 3 times the
natural flood return rate and high risk as 3 times or greater than the natural flood return
rate.

Flood Index

A Flood Index is the number of times longer
an area has not been flooded for compared
to modelled ‘natural’ flooded return periods
over the last 100 years. For example a area
that used to flood every 2 years and hasn't
had a flood for the last 6 years will have a
Flood Index of 3.

CSIRO Water for a Healthy Country Technical Report Page 19
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Flood index maps for each zone were created using a Geographical Information System
and the RIM-FIM zone layers. A Red Gum study site layer supplied by VEAC was
clipped to each RiM-FIM zone layer. Flood index maps highlighting areas of low and
high risk within the floodplain were produced for each zone for the years of 1970 and
2007 (Figures 9 to 58). The year of 1970 was targeted as it highlighted potential
conditions under reduced extractions but current infrastructure, and the flood index
remained low indicating healthy vegetation. However for some zones, 1964 (and in one
instance 1960) was used because the further downstream the zone, the earlier the year
where the floodplain was predominantly at low risk. This indicates that the floodplain is
at higher risk for a given flood index in the lower parts of the floodplain to the upper
eastern portion This is due to the decreased rainfall and increased salinisation
downstream which requires greater flooding and the influence of the large 1956 flood to
find periods of lower flood index. The area of the floodplain for each flood index value
was calculated for both the 1970 and 2007 flood index maps, to determine what
proportion of the River Red Gum Forests Investigation site fell into the low and high risk
category for each zone in both of the years.

An example of the application of this method can be found in the Chowilla floodplain
study (Overton and McEwan 2006). This work showed that the Chowilla floodplain had
a flood index of low risk (1 or 2) over the whole floodplain in 1964 (Figure 3), whereas by
2003 almost all the floodplain and the vegetation it contains occurred in areas of high
risk (index of 3 or more (Figure 4).

CSIRO Water for a Healthy Country Technical Report Page 20
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Figure 3. The Chowilla floodplain showing the FIM Indicator (flood index) for 1964 (Overton and
McEwan 2006).
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Figure 4. The Chowilla floodplain showing the FIM Indicator (flood index) for 2003 (Overton and
McEwan 2006).

2.3 Flood Index and Vegetation Health

The floodplain vegetation is suffering from declining health because of decreased water
availability. Due to abstractions, flood frequencies have decreased compared to natural
conditions and annual rainfall has been lower than average in seven of the last ten
years. Floods, coupled with rainfall, supply freshwater to the trees and replenish soil
moisture stores. During drought conditions the trees rely on soil moisture. Two
alternative sources of relatively fresh water may be available to floodplain vegetation
once soil moisture stores have been depleted. One is the presence of freshwater
lenses, where excess soil moisture is restricted from recharging the groundwater
because of density differences. These areas are found in high recharge sandy soil
areas and can provide long term water supply on the floodplain, providing habitat for
River Red Gum Forests in areas that could not be sustained by flooding alone. These
areas may be represent a relatively small portion of the floodplain based on evidence at
Chowilla (Overton and Jolly, 2005). The second is the replenishment of soil water from
lateral recharge along ‘losing creeks and wetlands’. Surface water recharges the
adjacent soil moisture for approximately 50 metres from the water’s edge in areas where
creek and wetland levels are higher than the surrounding groundwater. These areas are
dependent on occasional high creek water levels or wetland inundations to provide the
lateral recharge. These conditions persistently occur adjacent to weir pools creating a
‘flush zone’ that can extend for several kilometres.

Floodplain trees show wilting and leaf loss when insufficient soil water is available for
plant transpiration. Trees develop epicormic growth (leaves and twigs growing out of the
main stem) to reduce the distance water has to travel from the roots as a response to
less water available in the soil and the subsequent greater osmotic pressures required to
extract that water. Other factors affect water availability such as rainfall, evaporation,
soil type, and distance to a water supply such as a creek or wetland. These can be of
critical importance to vegetation relying on these water sources.

River Red Gum Forets need flooding approximately once every one and a half years and
show signs of stress when the interval between floods is more than five years
(approximately 3 times the natural return period). There is evidence of this on the
Chowilla floodplain where creeks and wetland areas that had not been flooded for five
years began to decline in 2003 (Figure 5). Black Box naturally flooded once every four
years. However, under current conditions, the recurrence of such floods is once in
twelve years and these trees are also showing severe stress (Figure 6). Although Black
Box will survive on rainfall alone the drought conditions and the increase in soil salinity
has meant that Black Box is also showing signs of stress.

CSIRO Water for a Healthy Country Technical Report Page 22
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Figure 5. Monoman Island Horshoe ephemeral creek, on the Chowilla floodplain, showing River
Red Gum decline in 2003.

Figure 6. Dying Black Box on the Chowilla floodplain in areas that are infrequently flooded and
have salt accumulation in the soils.

The flood index map for Chowilla (Figure 4) was compared with a vegetation health map
in the same year (Figure 7). The vegetation map was developed by combining a
vegetation survey of the South Australian portion of the floodplain with a survey in New
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South Wales and additional field data (Overton and Jolly 2004). This analysis was
undertaken to test the validity of using the flood index to infer vegetation health and the
critical value of 3 for the flood index to separate low risk from high risk. As this work is
an interim first look at floodplain risk it was decided to simplify the analysis to two
classes. Vegetation health data for Victoria was not available for this project so the
analysis had to be undertaken on the Chowilla floodplain. It is likely that the increased
rainfall in the Eastern upper River Murray and the less impact from salt accumulation will
make the high risk category (Flood Index >= 3) higher than that for Chowilla.

Figure 7. Vegetation health on the Chowilla floodplain in 2003 (Overton and Jolly 2004).

By comparing Figure 4 with Figure 7 areas of flood index and actual vegetation health,
there was evidence for using the flood index to distinguish vegetation health for areas
away from creeks and wetlands as shown in the following tables. Table 2 shows the
percentage of vegetation health classes across the flood index classes for areas away
from permanent creeks and wetlands. Most of the vegetation in the flood index 1 class
was healthy (66%), where as most of the vegetation with a flood index of 2 or more was
unhealthy (65-82%). In areas close to permanent creeks and wetlands (Table 3) there
was no real distinguishing vegetation health for any of the flood index classes. All flood
index classes close to the river had approximately 75% healthy vegetation (Table 3).

Table 2. Relationship between vegetation health, flood index and area when vegetation is
greater than 50 m from the river at Chowilla (cells with value>60% are highlighted).

Flood Dead Unhealthy Healthy Total Total Area
Index % % % % (m?)
1 20 14 66 100 1,664,539
2 1 80 19 100 19,137,815
3 3 82 16 100 12,498,424
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4 4 77 19 100 9,828,433
5 2 65 33 100 3,335,194
6 8 68 24 100 6,735,882
7 0 42 58 100 187,309
9 1 58 41 100 2,525,702
10 5 65 30 100 209609

Table 3. Relationship between vegetation health, flood index and area when vegetation is less
than 50 m from the river at Chowilla (cells with value>60% are highlighted)..

Flood Dead Unhealthy Healthy Total Total Area
Index % % % % (m?)
1 1 25 74 100 1,463,315
2 1 42 58 100 5,686,708
3 2 36 62 100 7,794,155
4 3 40 57 100 7,178,315
5 1 27 72 100 3,103,441
6 3 28 69 100 5,513,313
7 0 49 51 100 143,457
9 2 41 57 100 2,066,254
10 5 12 84 100 506,966

This data can be represented another way by analysing where the healthy, unhealthy
and dead vegetation occurs. Table 4 shows the distribution of each health class for
vegetation away from creeks and wetlands. The table shows that most of the healthy
trees occur in flood index 2 areas, most of the unhealthy in flood index 2 and 3 areas
and dead vegetation in flood index 3-6 areas. Again, within the vicinity of permanent
water the healthy trees are spread over a range of flood index classes along with
unhealthy and dead vegetation.

Table 4. Relationship between vegetation health and flood index when vegetation is greater

than 50 m from the river at Chowilla (cells with value>20% are highlighted).

Flood Unhealthy Healthy

Index Dead % % %
1 6 3 3

2 13 36 31

3 19 24 17

4 22 18 16
5 4 5 9

6 33 11 14
7 0 0 1
9 2 3 9
10 1 0 1

100 100 100

Table 5. Relationship between vegetation health and flood index when vegetation is less than

50m from the river at Chowilla (cells with value>20% are highlighted)..

Flood Unhealthy Healthy
Index Dead % % %

1 4 4 5

2 6 20 16

3 22 23 23

4 31 24 20

5 5 7 11
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6 21 13 18
7 0 1 0
9 7 I 6
10 3 0 2
100 100 100

This analysis suggests that the flood index is useful for identifying vegetation health
areas for vegetation away from permanent water. Vegetation in areas flooded within
their natural return period are generally healthy, areas with a flood index of 2 are
healthy to unhealthy and areas of flood index of 3 or greater are unhealthy to dead. A
flood index of 2 is half the frequency of a natural regime. Cullen (2001) states that
“Any river where more than one third of the median flow is extracted is likely to be
seriously damaged”. This equates to a flood index of 1 and a half. It is reasonable to
suggest that extracting two thirds of the water (a flood index of 3) can be linked to the
death of the vegetation. Jones (2002) indicates that the probability of having a healthy
working river is high when you have two thirds of more of the natural flow, moderate
when you have greater than one half (flood index of 2) and low when you have less
than half (flood index of 3 or more). The period 1950 to 1980 is approximately one
half of natural.

Further evidence for the 1970 flood volumes being a potential for analysis of best case
is reported by Telfor and Overton (1999). This work involved the mapping of
floodplain health on a portion of the River Murrray floodplain from 1945 to 1998 using
field assessment and historic aerial photography. Figure 8 shows the condition of the
vegetation in 1972 and the condition in 1998. Apart from some small areas of decline,
mainly due to irrigation inflows, the floodplain was in good health.

Figure 8. Vegetation health on the Bookpurnong and Gurra floodplains, South Australia
showing the decline in vegetation health since 1972 (Telfor and Overton, 1999).
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Vegetation layers covering the floodplain zones of 1 — 16 (provided by VEAC) were
merged to create one layer which was clipped to the floodplain boundary and then to the
River Red Gum Forests Investigation extent. The vegetation layers provided information
on the area and location of vegetation communities along the river length across the 16
study zones. The number of vegetation classes was reduced to 14 to suit our
requirements and the vegetation classes were summarised by area. Of the 14 vegetation
classes, 7 classes were selected which were likely to alter in vegetation health status due
to reduced flow regimes. The area of each vegetation class was individually summarised
by the 2007 flood index information and natural flood return period to again provide a
comparison between the natural state and the current state of reduced flows.
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3. RESULTS

3.1 Floodplain Areas

Results for each zone and for the whole area are presented in the following figures.
For each zone the floodplain is divided into the two risk classes of ‘low risk’ and *high
risk’ for an early year (1964-1970) and the current condition in 2007. A table of results
showing the area of floodplain within each class is also provided along with a graph of
area of floodplain within each flood index.
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Zone 1 — Hume Dam to Yarrawonga
Area: 16,931 ha Length: 223 km

Figure 9. Zone 1 — Flood index in 1970.

Figure 10. Zone 1 - Flood index in 2007.
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Table 6. Zone 1 - Areas of low and high risk in 1970 and 2007. Areas are shown in both
hectares and percent area.

Risk Area 1970 Area 2007
Low 16931 100% 5731 34%
High 0 11200 66%
Total (ha) 16931 16931
Flood Index
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20000000 T
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Figure 11. Zone 1 — Flood index and floodplain area (m?).
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Zone 2 — Downstream of Lake Mulwala
Area: 4,272 ha Length: 45 km

Figure 12. Zone 2 - Flood index in 1970.

Figure 13. Zone 2 - Flood index in 2007.
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Table 7. Zone 2 - Areas of low and high risk in 1970 and 2007. Areas are shown in both
hectares and percent area.

Risk Area 1970 Area 2007
Low 4272 100% 2247 53%
High 0 2025 47%
Total (ha) 4272 4272
Flood Index
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Figure 14. Zone 2 — Flood index and floodplain area (m?).

CSIRO Water for a Healthy Country Technical Report Page 32




River Murray Flood Inundation Model

Zone 3 — Barmah Forest
Area: 52,896 ha Length: 195 km

Figure 15. Zone 3 - Flood index in 1970.

Figure 16. Zone 3 - Flood index in 2007.
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Table 8. Zone 3 - Areas of low and high risk in 1970 and 2007. Areas are shown in both

hectares and percent area.

100000000

200000000 T

Risk Area 1970 Area 2007
Low 52896 100% 24263 46%
High 0 28633 54%
Total (ha) 52896 52896
Flood Index
600000000
500000000 +—
400000000 +——
Né @ 1970
g 300000000 +—— 2007
<

3 4 5

Flood Index

Figure 17. Zone 3 — Flood index and floodplain area (m2).
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Zone 4 — Downstream Barmah to Goulburn/Murray junct  ion
Area: 11,861 ha Length: 46 km

Figure 18. Zone 4 - Flood index in 1970.

Figure 19. Zone 4 - Flood index in 2007.
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Table 9. Zone 4 - Areas of low and high risk in 1970 and 2007. Areas are shown in both

hectares and percent area.

Risk Area 1970 Area 2007
Low 11793 99% 11670 98%
High 68 1% 191 2%
Total (ha) 11861 11861
Flood Index
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Figure 20. Zone 4 — Flood index and floodplain area (m?).
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Zone 5 — Goulburn/Murray junction to Campaspe/Murra y junction
Area: 8,029 ha Length: 21 km

Figure 21. Zone 5 - Flood index in 1964.

Figure 22. Zone 5 - Flood index in 2007.
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Table 10. Zone 5 - Areas of low and high risk in 1964 and 2007. Areas are shown in both
hectares and percent area.

Risk Area 1970 Area 2007
Low 8029 100% 4639 58%
High 3390 42%
Total (ha) 8029 8029
Flood Index
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<
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Figure 23. Zone 5 — Flood index and floodplain area (mz).
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Zone 6 — Torrumbarry weir
Area: 8,335 ha Length: 77 km

Figure 24. Zone 6 - Flood index in 1964.

Figure 25. Zone 6 - Flood index in 2007.
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Table 11. Zone 6 - Areas of low and high risk in 1964 and 2007. Areas are shown in both
hectares and percent area.

10000000 -

Risk Area 1964 Area 2007
Low 8130 98% 2548 31%
High 205 2% 5787 69%
Total (ha) 8335 8335
Flood Index
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Flood Index
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Figure 26. Zone 6 — Flood index and floodplain area (mz).
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Zone 7 — Downstream of Gunbower
Area: 28,511 Length: 156 km

Figure 27. Zone 7 - Flood index in 1964.

Figure 28. Zone 7 - Flood index in 2007.
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Table 12. Zone 7 - Areas of low and high risk in 1964 and 2007. Areas are shown in both
hectares and percent area.

Risk Area 1964 Area 2007
Low 27974 98% 11740 41%
High 537 2% 16771 59%
Total (ha) 28511 28511
Flood Index
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3
8 W2007
% 100000000 +—
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Figure 29. Zone 7 — Flood index and floodplain area (m?).
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Zone 8 — Downstream of Gunbower to Swan Hill
Area: 30,784 ha Length: 80 km

Figure 30. Zone 8 - Flood index in 1964.

Figure 31. Zone 8 - Flood index in 2007.
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Table 13. Zone 8 - Areas of low and high risk in 1964 and 2007. Areas are shown in both
hectares and percent area.

Risk Area 1964 Area 2007
Low 29616 96% 25163 82%
High 1168 4% 5621 18%
Total (ha) 30784 30784
Flood Index
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Figure 32. Zone 8 — Flood index and floodplain area (m?).
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Zone 9 — Swan Hill to Murray/Wakool junction
Area: 16,871 ha Length: 120 km

Figure 33. Zone 9 - Flood index in 1970.

Figure 34. Zone 9 - Flood index in 2007.
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Table 14. Zone 9 - Areas of low and high risk in 1970 and 2007. Areas are shown in both
hectares and percent area.

Risk Area 1970 Area 2007
Low 16871 100% 9043 54%
High 0 7829 46%
Total (ha) 16871 16871
Flood Index
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Figure 35. Zone 9 — Flood index and floodplain area (m?).
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Zone 10 — Murray/Wakool junction to the Murray/Murr  umbidgee junction
Area: 4,171 ha Length: 47 km

Figure 36. Zone 10 - Flood index in 1970.

Figure 37. Zone 10 - Flood index in 2007.
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Table 15. Zone 10 - Areas of low and high risk in 1970 and 2007. Areas are shown in both
hectares and percent area.

Risk Area 1970 Area 2007
Low 4171 100% 3760 90%
High 0 411 10%
Total (ha) 4171 4171
Flood Index
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Figure 38. Zone 10 — Flood index and floodplain area (m?).
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Zonell — Murray/Murrumbidgee junction to Euston wei r
Area: 12,699 ha Length: 118 km

Figure 39. Zone 11 - Flood index in 1960.

Figure 40. Zone 11 - Flood index in 2007.
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Table 16. Zone 11 - Areas of low and high risk in 1960 and 2007. Areas are shown in both
hectares and percent area.

Risk Area 1960 Area 2007
Low 12544 99% 9440 74%
High 155 1% 3259 26%
Total (ha) 12699 12699
Flood Index
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Figure 41. Zone 11 — Flood index and floodplain area (m?).
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Zone 12 — Euston weir to Wentworth weir
Area: 46,843 ha Length: 287 km

Figure 42. Zone 12 - Flood index in 1964.

Figure 43. Zone 12 - Flood index in 2007.
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Table 17. Zone 12 - Areas of low and high

hectares and percent area.

risk in 1964 and 2007. Areas are shown in both

Risk Area 1964 Area 2007
Low 45545 97% 30726 66%
High 1298 3% 16117 34%
Total (ha) 46843 46843
Flood Index
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350000000 -
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Figure 44. Zone 12 — Flood index and floodplain area (m?).
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Zone 13 — Wentworth (Lock 10) to Lock 9
Area: 25,057 ha Length: 60 km

Figure 45. Zone 13 - Flood index in 1964.

Figure 46. Zone 13 - Flood index in 2007.
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Table 18. Zone 13 - Areas of low and high risk in 1964 and 2007. Areas are shown in both
hectares and percent area.

Risk Area 1964 Area 2007
Low 24951 99.6% 16757 67%
High 106 0.4% 8300 33%
Total (ha) 25057 25057
Flood Index
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Figure 47. Zone 13 — Flood index and floodplain area (m?).
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Zone 14 — Lock 9 to Lock 8
Area: 5,790 ha Length: 41 km

Figure 48. Zone 14 - Flood index in 1964.

Figure 49. Zone 14 - Flood index in 2007.
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Table 19. Zone 14 - Areas of low and high

hectares and percent area.

risk in 1964 and 2007. Areas are shown in both

Risk

Area 1964

Area 2007

Low

5367

93%

3802 66%

High

423

7%

1989 34%

Total (ha)

5790

5790

55000000

Flood Index
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Figure 50. Zone 14 — Flood index and floodplain area (mz).
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Zone 15 —Lock 8 to Lock 7
Area: 6,381 ha Length: 29 km

Figure 51. Zone 15 - Flood index in 1964.

Figure 52. Zone 15 - Flood index in 2007.
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Table 20. Zone 15 - Areas of low and high risk in 1964 and 2007. Areas are shown in both
hectares and percent area.

Risk

Area 1964 Area 2007

Low

5322 83% 1700 27%

High

1059 17% 4681 73%

Total (ha)

6381 6381

55000000

Flood Index
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Figure 53. Zone 15 — Flood index and floodplain area (m?).
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Zone 16 — Lock 7 to SA Border
Area: 16,613 ha Length: 80 km

Figure 54. Zone 16 - Flood index in 1964.

Figure 55. Zone 16 - Flood index in 2007.
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Table 21. Zone 16 - Areas of low and high risk in 1964 and 2007. Areas are shown in both
hectares and percent area.

Risk Area 1964 Area 2007
Low 16075 97% 4327 26%
High 538 3% 12286 74%
Total (ha) 16613 16613
Flood Index
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Figure 56. Zone 16 — Flood index and floodplain area (m?).
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Whole Region — Hume to SA Border
Area: 296,044 ha Length: 1,625 km

Figure 57. Zones 1to 16, 1960 — 1970.

Figure 58. Zones 1 to 16, 2007.
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The maps, tables and graphs show the extent of floodplain vegetation with health at
risk from reduced flooding frequencies. These areas are extensive for most of the
zones in Victoria. Some areas of zones 10, 11 and 12 only show small areas of high
risk as the floodplain is narrow in this part of the river. The frequency of the very large
flood events, such as the 1956 flood of 250 GL/day is hard to estimate actual
frequencies and may not have changed greatly over the last 50 years. Major areas of
the Living Murray icon sites, namely Barmah, Gunbower, Hattah and
Lindsay/Wallpolla, the Victorian portions of four of the six Living Murray icon sites, are
at high risk. Figure 59 shows the combined areas of the floodplain in Victoria against
the flood index classes. Areas identified as O flood index are those permanent
inundation areas. The figure shows that 6 times flood index class is the most
common.
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Figure 59. Combined area of zones 1-16 at each flood index value, 2007. Note that a flood
index of O are areas that are permanently inundated.

Table 22. Combined area of zones 1-16 at each flood index, 2007

2007 Flood Index Area (ha) % Area
0 134878 43
1 22378 7
2 21690 7
3 24995 8
4 25726 8
5 27302 9
6 34586 11
7 16791 5
8 4406 1
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9 442

10 434

This can be compared with the natural flow regime for the floodplain (Figure 60) which
shows that most of the area has a return period of 1 to 3 years. With the drought
period of the last ten years it is clear to see how these every 2 year flooded areas
become an index of 5 (indicating 10 years since a flood).
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Figure 60. Combined area of zones 1-16 at each flood index value natural flood return period.

Table 23. Combined area of zones 1-16 at each natural flood return period.

Natural Flood Return Period (years) Area (ha) % Area
0 72769 23
1 40289 13
2 54354 17
3 23666 8
4 7578 2
5 1984 <1
6 2861 1
7 1465 <1
8 2587 1
9 4913 2
10 1853 <1
11 643 <1
12 1837 <1
14 972 <1
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16 1496 <1
18 1469 <1
22 1743 <1
28 334 <1
37 4229 1
55 3127 1
110 83458 27

3.2 Vegetation Areas

The vegetation layer derived from the EVC mapping, as described in the methodology
section, was interrogated for its distribution in terms of floodplain area, natural flood

return period and the current flood index.

proportions of vegetation types across the floodplain.

Figure 61 and Table 24 show the
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Figure 61. Area (ha) of each vegetation class.

Table 24. Area (ha) of each vegetation class

Vegetation Class Area (ha) % of area
water 8590 4
wetlands 23133 11
aquatic 2356 1
forest 22828 11

CSIRO Water for a Healthy Country Technical Report

Page 64




River Murray Flood Inundation Model

woodlands 28913 14
woodlands/lignum 17682 8
lignum 3160 1
floodplain forest 14169 7
floodplain woodlands 78741 37
grass 595 <1
chenopods 9322 4
saline 1231 1
sand 43 <1
non-riparian 1079 1
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Riverine Forest

Riverine forest includes River Red Gum forest areas frequently flooded. Figure 62
and Table 25 show that most of the vegetation type is inundated every 1 to 2 years.
Figure 63 shows that this type of vegetation is severely affected by flood reductions in

the last ten years.
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Figure 62. Riverine forest and natural flood return period.

Table 25. Riverine forest and natural flood return period

Natural Flood Area % Natural Flood Area %
Return Period (ha) Area Return Period (ha) Area
(years) (years)
0 697 6 10 70 1
1 3893 35 11 4 <1
2 2555 23 12 22 <1
3 519 5 14 16 <1
4 133 1 16 33 <1
5 47 <1l 18 22 <1
6 65 1 22 18 <1
7 21 <1l 28 6 <1
8 37 <1 37 72 1
9 27 <1l 55 7 <1
110 2917 26
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Figure 63. Riverine forest and flood index

Table 26. Riverine forest and flood index

Flood Index Area (ha) % Area
0 1918 17
1 446 4
2 464 4
3 590 5
4 852 8
5 2114 19
6 2747 25
7 1370 12
8 572 5
9 37 <1

10 69 1
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Floodplain Forest

Include areas of floodplain forest, Black Box and River Red Gum, higher up on the
floodplain. The natural return period (Figure 64) is 1 to 3 years with some higher
elevation areas that are likely to represent fringing vegetation around watercourses
that obtain their water from the water body and not from flooding. These areas have

been highly impacted as well (Figure 65).
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Figure 64. Floodplain forest and natural flood return period.

Table 27. Floodplain forest and natural flood return period

Natural Flood Return Period Area (ha) % Area
(years)
0 91 1
1 3932 25
2 3386 22
3 1700 11
4 742 5
5 229 1
6 298 2
7 229 1
8 493 3
9 84 1
10 170 1
11 60 <1
12 275 2
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14 87 1
16 98 1
18 102 1
22 41 <1
28 24 <1
37 93 1
55 26 <1
110 3534 23
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Figure 65. Floodplain forest and flood index.

Table 28. Floodplain forest and flood index

Flood Index Area (ha) % Area
0 1038 7
1 877 6
2 2231 14
3 2544 16
4 2614 17
5 2514 16
6 2845 18
7 909 6
8 122 1
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Floodplain Woodland

Floodplain woodland contains vegetation that is more open than forests and is less
frequently flooded (Figure 64). These areas have been less affected by the recent
drought period (Figure 65).
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Figure 66. Floodplain woodland and natural flood return period.

Table 29. Floodplain woodland and natural flood return period

Natural Flood Return Period Area (ha) % Area
(years)
0 32383 45
1 2973 4
2 10882 15
3 4217 6
4 1122 2
5 299 <1
6 357 <1
7 188 <1
8 718 1
9 439 <1
10 223 <1
11 129 <1
12 244 <1
14 135 <1
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16 212 <1
18 215 <1
22 288 <1
28 54 <1
37 733 1
55 154 <1
110 15438 22

50000

45000 4

40000 4

35000 ~

30000 ~

25000 -

Area (ha)

20000 -

15000 -

10000 -

5000 -

NEEENE

6 7
Flood Index

8

10

Figure 67. Floodplain woodland and flood index.

Table 30. Floodplain woodland and flood index
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Grass

Grasses occur higher on the floodplain in more infrequently inundated areas, as well
as some frequent areas (Figure 68). Those frequently flooded areas have an index of

6 (Figure 69) but the higher areas are generally not impacted.
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Figure 68. Grass and natural flood return period.

Table 31. Grass and natural flood return period

Natural Flood Return Period Area (ha) % Area
(years)
0 16 3
1 42 8
2 13 2
3 10 2
4 3 <1
5 <1 <1
6 1 <1
7 <1 <1
8 1 <1
9 <1 <1
10 3 <1
11 <1 <1
12 <1 <1
14 <1 <1
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22 14 3
28 1 <1
37 18 3
55 2 <1
110 418 77
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Figure 69. Grass and flood index.
Table 32. Grass and flood index
Flood Index Area (ha) % Area
0 420 78
1 22 4
2 32 6
3 1 <1
4 5 1
5 37 7
6 13 2
7 4 1
8 9 2
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Lignum

Lignum occurs in two major habitats. One is the frequently flooded low lying, heavy
clay areas that were under natural conditions inundated every two years, and the
other area is the floodplain depressions of heavy clay that were flooded once every 9
years (Figure 70). The 9 year areas are likely to be the areas with an index of 3
(Figure 71), whereas the frequently flooded areas have an increasing flood index now

upto 7.
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Figure 70. Lignum and natural flood return period.
Table 33. Lignum and natural flood return period
Natural Flood Return Period Area (ha) % Area
(years)
0 661 22
1 229 8
2 982 32
3 175 6
4 19 1
5 5 <1
6 4 <1
8 <1 <1
9 701 23
10 7 <1
12 1 <1
14 <1 <1
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16 6 <1
18 3 <1
22 16 <1
28 1 <1
37 7 <1
55 5 <1
110 202 7
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Figure 71. Lignum and flood index.

Table 34. Lignum and flood index

Flood Index Area (ha) % Area
0 867 29
1 56 2
2 8 <1
3 766 25
4 136 4
5 231
6 402 13
7 479 16
8 76 3
9 <1 <1

10 5 <1
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Woodland

Woodlands are the River Red Gum open woodlands, and some Black Box woodlands,
that naturally flood every 1 to 3 years (Figure 72). These areas also show a rising

flood index up to 6 with the majority over the critical value of 3 (Figure 73).
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Figure 72. Woodland and natural flood return period.

Table 35. Woodland and natural flood return period

Natural Flood Return Period Area (ha) % Area
(years)
0 3219 14
1 4056 17
2 6622 28
3 1849 8
4 628 3
5 150 <1
6 121 <1
7 91 <1
8 145 1
9 155 1
10 71 <1
11 46 <1
12 93 <1
14 38 <1
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16 41 <1
18 76 <1
22 68 <1
28 13 <1
37 90 <1
55 29 <1
110 5772 25
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Figure 73. Woodland and flood index.

Table 36. Woodland and flood index

Flood Index Area (ha) % Area
0 4194 18
1 726 3
2 1876 8
3 2560 11
4 3194 14
5 3481 15
6 4661 20
7 2169 9
8 454 2
9 33 <1
10 26 <1
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Woodland/lignum

This vegetation type is the Black Box woodlands higher on the floodplain in
association with Lignum. The Black Box has a return period of 2 to 3 years and the
Lignum a higher 9 years (Figure 74). These areas appear to be less impacted by the
drought conditions but still occur above the flood index of 3 into the high risk class

(Figure 75).
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Figure 74. Woodland/lignum and natural flood return period.

Table 37. Woodland/lignum and natural flood return period

Natural Flood Return Period Area (ha) % Area
(years)
0 7180 42
1 289 2
2 4363 26
3 1854 11
4 146 1
5 42 <1
6 182 1
7 2 <1
8 1 <1
9 915 5
10 131 <1
12 5 <1
14 7 <1
16 132 <1
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18 48 <1
22 82 <1
28 10 <1
37 77 <1
55 35 <1
110 1461 9
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Table 38. Woodland/lignum and flood index

Figure 75. Woodland/lignum and flood index.

Flood Index Area (ha) % Area
0 8730 51
1 467 3
2 71 <1
3 1860 11
4 1388 8
5 1831 11
6 1703 10
7 792 5
8 105 1
9 13 <1

10 5 <1
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3.3 Flow Volumes

Once the areas of the floodplain had been ascribed their vegetation type and
commence-to-flood range, an analysis of the flows required to inundate different
vegetation types could be undertaken. The approach taken was not to use the natural
flow regime to determine a required flow regime, but to use the 20 years prior to the
1970 (1950-1970) time step when the floodplain appeared to be in good condition and
had a flood index of 2 or less. Table 39 shows the major vegetation types on the
floodplain for zone 16 and the range of flows at which they commence-to-inundate.
The range of commence-to-inundate values was taken as the range where the
majority of the vegetation occurs (Figures 76 to 79) for zone 16 (Lock 7 to SA border)
and zone 3 (Barmabh).
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Figure 76. Flow range for riverine forest in zone 16.
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Figure 77. Flow range for woodland in zone 16.
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Figure 78. Flow range for riverine forest in zone 3.
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Figure 79. Flow range for floodplain woodland in zone 3.

Zones 3 and 16 were selected for calculations of flow volumes that would be required
to maintain vegetation health as they covered the salinised western end of the
Victorian floodplain and the large Barmah floodplain in the east. The vegetation
classes for the two zones were summarised by area and each class was graphed to
display the distribution of the vegetation over the flow zones. BIGMOD current and
natural daily hydrograph data was used to determine how many days each flow rate
was recorded for the two zones over selected time periods. For each zone, the
number of days under the natural and current regime was calculated for a 20 year
period from 1950 and the current regime was used for a 10 year period from 1997.
The 20 year period was then averaged to provide the number of days per flow over a
10 year period. The average flow rate calculated above for each vegetation type in
the two zones was used to identify how many days flow of that rate was received over
a 10 year period,. The number of days multiplied by the average flow rate for each
vegetation type then provided an estimate of the volume of water required (GL/year’)
over that 10 year period to maintain vegetation health in both zone 3 and 16. The
same calculation was made using the period of reduced flow rates from 1997-2007, to
estimate the volume of water that has been received in the last 10 years.

The required number of days for floodplain woodland (Black Box) is given as 220 for
zone 16, which is approximately 2 and a half three-month floods in ten years, or a
three month flood 1 in 4 years. For the Red Gum areas (riverine forest) the number of
days is 335, which equates to 4 three-month floods in ten years or 1 three month flood
in 2 and a half years. Both these flood returns are consistent with flood regimes
proposed for the Chowilla floodplain in the asset environmental water management
plan for the Icon site that used a complex vegetation health process model driven by
water availability (Overton et al. 2006b).

The number of days of inundation multiplied by the flow in the river to achieve this
inundation provided an approximate volume of water to meet this flow regime. Table
39 shows that the average volume required across the range of vegetation was 1,700
GL/year. However this volume of water needs to be supplied in different ways to
achieve the desired outcome in all the vegetation types. Some will need long small
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floods where others will need shorter larger floods. The last column in Table 39
shows the number of days inundated for this flow range.

Table 39. Zone 16 vegetation types and the required flow in the river to achieve a flood index
of less than 3. Note that these volumes are not additive and that achieving the target from one

vegetation type may achieve the target for others. Less water would be needed if you picky-
backed on a high flow in the river at the time.

Vegetation Class Minimum Maximum Average Days in Volume Volume

flow flow (GL/day) flow 10 yrs required last 10

(GL/day) (GL/day) (1950- (GLl/year) years

1970 av) (GLl/year)

Floodplain Woodland 68 81 74.5 220 1,639 0
Riverine Forest 38 68 61.5 335 2,060 0
Woodland 64 81 72.5 238 1,726 0
Woodland/lignum 68 81 74.5 220 1,639 0
Lignum 65 81 73 236 1,723 0

A graph of the number of days inundated for each commence-to-inundate area of the
floodplain can be drawn for current (current case), 1970 (best case) and natural
(natural case) (Figure 80). The number of days for 1/3 natural and 2/3 natural have
been put onto the graph for reference. The best case scenario is approaching the 2/3
natural.

Table 40 shows the results of the volume calculations for the Barmah forest (zone 3).
These values are much less than in zone 16 as the rainfall is greater and the
floodplain is lower in comparison to the river. Red Gum forests (riverine forest and
floodplain forest) need approximately 200 days of inundation in ten years which is 2
three-month floods. This equates to approximately 1,000 GL/year and in the last ten
years they received 150GL/year, perhaps not at the right times given the increased
summer flows for irrigation water supply. For areas less than 13 GL/day the nhumber
of days inundated under current and best case are higher than under natural. A best
case environmental flow strategy needs to address this by reducing the number of
days inundated in these low flow areas back to natural conditions. Figure 81 shows
the number of days inundated for the different flow scenarios.

Both Figure 80 and Figure 81 show that the period 1950-1970 was approximately half
of the natural flow return intervals. A flood frequency of approximately a half was
proposed as a figure that would have some chance of maintaining ecological function
(Jones, 2002).
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Table 40. Zone 3 vegetation types and the required flow in the river to achieve a flood index of less
than 3. Note that these volumes are not additive and that achieving the target from one vegetation
type may achieve the target for others. Less water would be needed if you picky-backed on a high
flow in the river at the time.

Vegetation Class Minimum Maximum Average Days in Volume Volume
Flow Flow Flow 10 yrs required last 10
(GL/day) (GL/day) (GL/day) (1950- (GLlyear) years
1970 av) (GL/year)
Floodplain Woodland 52 88 70 108 756 70
(10 days)
Floodplain Forest 18 50 34 386 1,313 160
(47 days)
Woodland 35 72 53.5 189 1,011 86
(16 days)
Woodland/lignum 35 237 127.25 8 102 0
Riverine Forest 16 60 38 316 1,201 141
(37 days)
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Figure 80. Number of days inundated for each flow range for zone 16.

CSIRO Water for a Healthy Country Technical Report Page 85



River Murray Flood Inundation Model

3500

3000 -

2500 -

2000 -

Days

1500 +

1000 -

500 -

S o
e eemm m m - .
——

L e o o L ALLAL A B IS o o e o o o o e B B e e e

QO L O
\) O O
Q Q" Q7 (O O O

& S

N

(22
%
%,

22
%
%
%
2

SRR
\ O
P O oS
R R

DAY

Flow (ML/day ™)

Current flow 1997-2007 Current flow 1950-1970 Natural flow 1950-1970 2/3 Natural flow = = 1/3 Natural flow

Figure 81. Number of days inundated for each flow range for zone 3.
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4. DISCUSSION

4.1 Flood Index in Victoria

The use of the flood index to show a best case scenario from previous flooding history
has been useful to demonstrate the extent of change and the possible flow volumes
needed to restore the floodplain to a more sustainable level. The volumes are realistic
and compare well with a more detailed process modelling exercise for the Chowilla
floodplain which determined the same flooding return periods for the same vegetation

types.

Previous studies establishing a broad flow target for environmental sustainability
(Jones 2002) had a target of one half to two thirds flow for moderate to high probability
of having a healthy working river. This study has suggested that one half to two thirds
flow provides a flood index of 1 and a half to two which has been shown to represent a
broad healthy condition of the floodplain in 1970. When the index gets to three the
degradation of the floodplain will be clearly evident. The flow volume of the period
1950 to 1970 averaged between one third and two thirds of the natural flow regime.

The limitation of using the above approach to inform environmental flow plans is that
the system does not respond only to water volume and frequency of flood events.
“Despite considerable progress in understanding how flow variability sustains river
ecosystems, there is a growing temptation to ignore natural system complexity in
favour of simplistic, static, environment flow ‘rules’ to resolve pressing river
management issues” (Arthington et al. 2006). The above method is certainly a
simplistic approach and needs to inform environmental flow planning with this in mind.

Setting environmental flow strategies is a complex mixture of flood volume, duration,
extent, variability in time and shape of the flood, rates of rise and fall, season and
connectivity. These characteristics of a flood can also include water quality issues,
fish spawning and migration, bird breeding and other ecological outcomes.

4.2 Information for Environmental Flow Targets

The reduction in river flows has seen a reduction in the extent of the floodplain that is
flooded frequently enough for the range of floodplain habitats and processes (the
‘active’ floodplain). The Chowilla floodplain, for example, used to flood approximately
1 in 7 years covering the whole of the floodplain with River Murray flows of about 140
GL/day. Currently a 72 GL/day flood occurs with a 1 in 7 year return interval,
indicating that we have reduced the size of the ‘active’ floodplain (Figure 82). River
Murray flows of 72 GL/day naturally occurred approximately once every 2.2 years (3
times less frequently than current conditions). The area above the 72 GL/day flood
extent is home to much of the Black Box woodland and some of the Red Gum
woodland. With the extent of the drought and river extractions over the last ten years
this dividing line is moving further to the left.
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Figure 82. The ‘Active’ floodplain at Chowilla can be considered as the area defined by the
extent of a 72 GL/day flood event which now occurs as often as the whole floodplain used to
be flooded.

The implication of this is that if current regimes are maintained the floodplain area with
natural functions and condition will be reduced.

4.3 Further Work for Stage 2

Stage 1 of the project has produced a flood index annually for the whole floodplain
and has developed some overall statistics for loss of floodplain habitat. Stage 2 of the
project will address the following tasks:

Base Case - 500 GL Hydrology

Information on predicting river flow values under the Base Case 500 GL a year Living
Murray Strategy was not available for Stage 1 of the project. This data will be
obtained for Stage 2 to allow ‘base case’ analysis of future vegetation health
predictions.

Vegetation Health Data

It is necessary to validate the predictions of flooding frequency changes (flood index)
on the health of the vegetation using field health assessments. This data was not
available for Stage 1 of the project, however the following datasets have been
identified and will be sourced, where possible, for Stage 2.

River Red Gum and Black Box health surveys, Gunbower to the South
Australian Border, Brett Lane and Associates (2004).

River Red Gum and Grey Box health surveys, Gunbower, Brett Lane and
Associates (2005).
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River Red Gum health surveys, Hume to South Australian Border,
Cunningham et al. (2007).

River Red Gum and Black Box health surveys, Wallpolla Island, SKM (2007).

River Red Gum and Black Box health surveys, Lindsay, Mulcra and Wallpolla
Islands, REM (2006).

River Red Gum, Black Box and Grey Box health surveys, Hume to Robinvale,
CSIRO Murray-Darling Environmental Water Project (2007) (unpublished
data).

It is likely that given the increased rainfall and less salinisation of the floodplain in the
upper reaches the high risk category of a flood index of 3 or more will change to a
higher flood index being required for the high risk category.

Define Water Sources

From analysis of vegetation health at Chowilla this report has shown that health is
consistent (approximately 75%) for trees within 50 metres of water courses but highly
variable, and dependent on the flood index, outside of these areas. Stage 2 will
identify the areas along the whole Victorian floodplain where an alternative water
supply exists and the health of the vegetation will be then impacted by:

For areas within 50 metres of a permanent water supply — impacted by water
levels;

For areas within 50 metres of an ephemeral creek or wetland — impacted by
the flood index of the creek or wetland (not the tree itself);

For areas within ‘fresh water lenses’ — impacted by flood index with storage
capacity;

For remaining areas on the floodplain — by the flood index of the tree area.

Define Flow Regimes

Identify differences in areas of healthy vegetation maintained between 1970s,
current and base case;

Produce maps and areas of vegetation maintained and potentially maintained if
returning to 1970s flow regimes;

Determine flow regimes and volumes to produce best outcome of maintained
vegetation health expressed as daily flow rates, duration of inundation, gross
volume of water required;

Produce an animation of floodplain inundation regimes (across study area);
and

Describe salinity impact of the flow in Lindsay/Wallpolla (subsequent to flow
modelling).

Determining Volumes

With the water requirements better defined it will become necessary to look at the loss
of water over the floodplain from infiltration and evaporation. When these losses have
been estimated it will be possible to define river flow volumes necessary to support all
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of the floodplain areas with some down stream benefits from increased flood
inundation being determined.

The areas inundated by these volumes will be demonstrated and analysis will be
undertaken on the range of benefits achieved from a range of flow options. It is
considered useful to identify any significant thresholds within this range - that is, points
along the water volume axis where the benefit/cost ratio (that is, environmental
benefits and water supply costs) increases sharply as well as critical flow regimes to
maintain various spatial extents of healthy vegetation.

A precautionary approach should be taken in setting environmental water targets and
we are unsure of the rainfall and flooding frequencies likely in the future.
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