






















































































































































































































































































































































































































































































































































































25 years, but under natural conditions occurred at a frequency of 1 in 7 years. Hence, 1in7
years appears to be the critical flow recurrence interval that defines the ‘active’ floodplain.
Under current conditions, this recurrence interval is equivalent to a flow of ~70,000 ML d-1. ltis
reasonable to assume that this applies to the rest of the floodplain and not just to the Chowilla
floodplain. The area that comprises the ‘active’ floodplain coincidentally represents the
maximum flow for which viable engineering options can be used to ‘water’ the floodplain.
Therefore, a 70,000 ML d-1 flow represents a critical ecological and engineering threshold in the
lower River Murray in South Australia, and so floodplain vegetation inundated at this flow or less
were considered to be areas for potential flow management. In contrast, it is likely that areas
that require a flow of greater than 70,000 ML d-1 to be inundated cannot be flooded as easily.
An example of floodplain areas flooded at 70,000 ML d-1 is shown in Figure 4.

Other flow scenarios can be considered in the FRM. As an example we examined a weir pool
raising of 0.5 m on top of the maximum possible flow at each of the weirs in South Australia
(Lock 1 to Lock 6) in October, as calculated using the FIM. This example scenario represents
the maximum possible weir pool raising and flow combination that can be achieved with current
weir infrastructure limitations.

70,000 ML/day flood @~ "\ M2
B Flooded ? g\
Nt flanAA~AA \ J’J’Z - ¥

Kilometres

2reNEs

Figure 4. Areas of the floodplain near Lock 6 inundated by a 70,000 ML d-1 flood, a critical flow
threshold in the FRM .

Combined salinisation risk, flooding and vegetation classes

The broad scale ‘regional salinisation risk’ from the FWIP model and the fine scale ‘weir pool
salinisation risk’ were combined to form six salinisation risk classes. These salinisation risk
classes were assigned to each of the 32,000 vegetation polygons along the lower River Murray
floodplain. The flow required for inundation was also assigned to each polygon.

The six salinisation risk classes were grouped into three groundwater management classes:
1. Groundwater management to control current groundwater inflows

These areas were at high regional and low weir pool salinisation risk, which means they
may benefit from groundwater management to reduce current groundwater inflows to the
river valley. A reduction in groundwater inflows would mean that floodplain salinisation
risk was reduced because these areas were elevated relative to the river and wetland
water levels (low weir pool salinisation risk).

2. Groundwater management to protect from future salinisation risks

These areas were at low regional and low weir pool salinisation risk, which means that
increases in groundwater inflows in the future may be a threat to vegetation health.

3. Limited groundwater management options available

These areas had a medium to high weir pool salinisation risk, which means that floodplain
groundwater levels may be difficult to manage because they are close to river / wetland water
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levels. It is likely that environmental flow management would be more effective than
groundwater management in these low lying parts of the floodplain.

Results and Discussion

Example scenarios were used to demonstrate the way that the methodology could be applied to
examine the impacts and benefits of potential groundwater management and environmental
flow options as a decision support tool in the formulation of floodplain management policies.
Table 1 summarises the proportion of total floodplain, healthy trees and healthy trees that can
flooded for each scenario, grouped in their respective groundwater management classes, as
described above.
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Table 1: Example scenario results. Summary of the proportion of t
trees and healthy trees that can be flooded for the entire floodpl

groundwater management classes for each of the five example s
the groundwater inflows to the river valley, and the predicted
loads to the river and wetlands.

otal floodplain, healthy
ain area and for each
cenarios. Also shown are
lengths of seepage and salt
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58S 388 5335 g2Ts 2ds
OSR OS¢ oy ac2 EQR
Floodplain area (ha) 87,742 79,200 87,742 87,742 87,742
% at salinity risk 35.9% 36.3% 39.2% 28.4% 39.6%
f)ro“”d""ater inflows (M3 d- 75 444 64,869 152,274 108,014 164,193
Salt loads (tonnes d-1) 1,186 1,114 2,163 1,351 2,296
Length of seepage (km) 42 42 112 77 123
Area healthy trees 17,968 16,578 17,968 17,968 17,968
% healthy trees flooded 43% 16% 43% 43% 43%
Groundwater management to control current groundwater inflows
% floodplain area 15% 17% 17% 8% 18%
% healthy trees 12% 13% 15% 9% 15%
% healthy trees flooded 2% 0.4% 3% 1% 3%
Groundwater management to protect from future groundwater inflows
% floodplain area 50% 52% 47% 57% 47%
% healthy trees 57% 59% 54% 60% 54%
% healthy trees flooded 17% 4% 16% 18% 16%
Limited groundwater management options available
% floodplain area 35% 31% 35% 35% 35%
% healthy trees 32% 28% 31% 31% 31%
% healthy trees flooded 24% 12% 24% 24% 24%

The groundwater inflow scenarios were:
e currentirrigation and clearing in 2000;
e currentirrigation and clearing in 2100;
e potential irrigation expansion in 2100; and
* proposed Salt Interception Schemes in 2100
e The two example flooding scenarios were:
e 70,000 ML d-1 flood; and

e weir pool raising of 0.5 m.

e Current irrigation and clearing (2000) and a 70,000 ML d-1 flood.
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The vegetation mapping showed that 15% of the vegetated floodplain and 12% of the healthy
trees were within the ‘Groundwater management to control current groundwater inflows’
management class (Table 1). However, only 2% of the healthy trees can be flooded. The
‘Groundwater management to protect from future salinisation risks’ management class covered
50% of the vegetated floodplain and contained 57% of the healthy trees, highlighting the need
for groundwater management to protect floodplain vegetation from salinisation associated with
future increases in groundwater inflows. Moreover, 17% of the healthy trees in this class can be
flooded. The remaining 35% of the vegetated floodplain contains 32% of the healthy trees and
falls within the ‘Limited groundwater management options available’ management class. In this
class, environmental flow management would be more effective than groundwater management
for managing floodplain vegetation health, particularly given that 24% of the healthy trees in this
class can be flooded.

Current irrigation and clearing (2000) and a weir p ool raising of 0.5 m

This scenario was used to compare the benefits of a weir pool raising of 0.5 m on top of the
maximum possible flow at each of the weirs in South Australia (Lock 1 to Lock 6), with those of
the 70,000 ML d-1 flooding scenario. This scenario was carried out using the current irrigation
and clearing (2000) groundwater inflow data. As shown in Table 1, the area inundated by weir
pool raising was 24% of the floodplain and included 16% of the healthy trees. These
proportions are considerably less than those for a 70,000 ML d-1 flood which were 42% and
43% for total floodplain and healthy trees, respectively. These differences were also reflected in
the vegetation mapping statistics, particularly the percentage of healthy trees that can be
flooded under this scenario. While the differences in healthy trees that can be flooded were
relatively minor in the ‘Groundwater management to control current groundwater inflows’
management class (reduced from 2% to 0.4%) they were significant in the ‘Groundwater
management to protect from future salinisation risks’ (reduced from 17% to 4%) and the ‘Limited
groundwater management options available’ (reduced from 24% to 12%) management classes.
While there are clear floodplain vegetation benefits in weir pool raising, this example shows that
they are much more modest than those of a 70,000 ML d-1 flood.

Current irrigation and clearing (2100) and a 70,000 ML d-1 flood

This scenario showed that groundwater inflows to the river valley were predicted to double
between 2000 and 2100 (Table 1), due to the large time delays between commencement of
irrigation drainage and discharge of that groundwater at the edge of the river valley. The FWIP
model predicted that this doubling of groundwater inflows would increase the area of floodplain
vegetation at high regional salinisation risk by 2,889 ha (9.1%), seepage areas by 70 km
(166.7%) and salt loads to the river and wetlands by 977 tonnes d-1 (82.4%). The additional
floodplain at high regional salinisation risk in this scenario contained ~1,000 ha of healthy trees.
The location of most of the high regional salinisation risk areas upstream of the nearest weir,
and adjacent to existing irrigation areas, suggest that these floodplains have limited capacity to
discharge additional groundwater by evapotranspiration, meaning that additional groundwater
inflows were discharged as seepage and salt loads to the river and wetlands. Very few (3%) of
these additional healthy trees at high regional salinisation risk could be flooded (Table 1).

Proposed Salt Interception Schemes (2100) and a 70, 000 ML d-1 flood

This scenario predicted the benefits that may arise from the commissioning of all of the
proposed Salt Interception Schemes in South Australia in addition to those currently operating.
The proposed Salt Interception Schemes were predicted to decrease groundwater inflows to the
river valley by 29.1% in 2100 in comparison to the ‘Current irrigation and clearing (2100) and a
70,000 ML d-1 flood’ scenario. This would decrease regional salinisation risk by 9,500 ha
(27.9%), seepage by 35 km (31.3%) and salt loads to the river and wetlands by 812 tonnes d-1
(37.5%). This scenario demonstrated that the proposed Salt Interception Schemes could
benefit over 3,500 ha of healthy and unhealthy trees. Approximately half of the floodplain area,
healthy trees, and healthy trees that can be flooded that were at high risk in the ‘Current
irrigation and clearing (2100) and a 70,000 ML d-1 flood’ scenario were at low risk in the
‘Proposed Salt Interception Schemes (2100) and a 70,000 ML d-1 flood’ scenario. However, it
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is important to point out that the large amounts of salt stored within the floodplain would need to
be removed by large floods before the benefits to the vegetation and wetlands could be
realised.

Irrigation Expansion (2100) and a 70,000 ML d-1 flo od

The model was used to demonstrate the impact of a 6,780 ha (11%) irrigation expansion that
commenced in 2010. Groundwater inflows to the river valley in 2100 were predicted to increase
by 7.8%, regional salinisation risk by 306 ha (0.4%), seepage by 11 km (9.8%) and salt loads to
the river and wetlands by 133 tonnes d-1 (6.1%) compared to the ‘Current irrigation and clearing
(2100) and a 70,000 ML d-1 flood’ scenario (2100). In comparison to the ‘Current irrigation and
clearing (2000) and a 70,000 ML d-1 flood’ scenario seepage was almost three times greater
and the salt loads to the river and wetlands were almost double. Overall, this irrigation
expansion scenario showed that additional groundwater inflows were predominantly discharged
as seepage and salt loads to the river and wetlands, rather than as evapotranspiration from the
floodplain which increases salinisation risk. This is reflected in the area of healthy trees, and
healthy trees that can be flooded for this scenario which were similar to the ‘Current irrigation
and clearing (2100) and a 70,000 ML d-1 flood’ scenario across all three groundwater
management classes.

Summary

The combination of the broad scale ‘regional salinisation risk’ from the FWIP model and the fine
scale ‘weir pool salinisation risk’ within the FRM was useful for identifying areas where irrigation
and weir pool levels increase the risk of floodplain salinisation. The FRM was also able to
identify the potential benefits arising from improvements in flooding. The FWIP model
predictions for current levels of irrigation development were comparable to available lower River
Murray floodplain vegetation health, seepage and salt load data.

The FRM was able to separate areas of floodplain into three groundwater management classes
where floodplain vegetation could benefit from groundwater management to lower floodplain
water tables and reduce floodplain salinisation rates: 1) Groundwater management to control
current groundwater inflows was required; 2) Groundwater management to protect from future
salinisation risks was necessary; and where elevated river and wetland levels meant that 3)
Limited groundwater management options were available. The FRM was also able to separate
areas of the floodplain that could benefit from environmental flow management.

The five example scenarios were used to demonstrate the way that the methodology could be
applied to examine the impacts and benefits of potential groundwater and flow management
options as a decision support tool in the formulation of floodplain management policies. These
scenarios demonstrated the threat to floodplain vegetation health due to salinisation associated
with current (2000) and future (2100) groundwater inflows with current levels of irrigation
development and clearing, future groundwater inflows from additional irrigation developments,
and the use of Salt Interception Schemes to control groundwater inflows to the river valley.
These scenarios used a 70,000 ML d-1 flood to identify which areas could benefit from
improved flooding. For a contrasting environmental flow scenario we presented the results from
a weir pool raising of 0.5 m at each of the Locks in South Australia.

The FRM outputs are presently being used to inform the development of floodplain protection,
prioritisation and planning processes by the environmental flows and salinity policy makers in
South Australia. This approach has potential application in other areas where salt accumulation
from groundwater discharge threatens floodplain vegetation health.
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