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Abstract: The Coorong, along with the Lower Lakes and Murray Mouth is one of the largest of the
internationally significant wetlands recognised under the Ramsar Convention within the Murray Darling
Basin. Severe drought in the Basin over recent years has resulted in record low inflows and has had a
significant impact on the ecological health of the Coorong. However, there is still further volume that flows
west and out to sea through the Lower South East constructed drainage network that could potentially be
diverted north and delivered to support the Coorong South Lagoon (CSL).

The Coorong South Lagoon Flow Restoration Project (CSLFRP), which is part of the South Australian
Government's Murray Futures program and funded by the Australian Government's Water for the Future
strategy, has to date investigated options for diverting significant volumes of water from the drainage
network of the South East northwards to the Coorong using a combination of purpose-built floodways and
existing flow paths. This paper presents the investigations, in particular the modelling work undertaken, and
the outcomes of the CSLFRP study.

The aim of this study is to provide greater confidence in estimates of water availability from the untapped
resources in the South East drainage system available, to potentially be diverted to the CSL using two main
flow paths. Accurate estimation of water availability is complicated by a lack of flow gaugings, extremely
flat terrain, shallow water table, and highly modified landscape in the region. To do this, a range of modelling
tools and techniques were used to replicate the processes of rainfall-runoff generation, losses and conveyance
of water. The key modelling processes involved were:

e Hydrologic modelling of the South East catchments to generate time-series of flows from runoff and
diversions.

e Hydraulic modelling of the flow paths to provide estimates of width, depth and volume of
floodways/drains and also water surface and water elevation for input to the transmission loss and water
balance analysis.

e Transmission loss analysis to estimate losses to groundwater for various flow paths and flow rates.

e Water balance modelling to estimate annual yield volumes to the CSL. Diversion and runoff volumes
from the hydrologic model, drain’s dimensions from hydraulic model and losses to groundwater from the
transmission loss model were used as inputs to the water balance models.

Based on the maximum diversion limits determined, the yield delivered to the CSL was estimated under
different climate conditions. Analysis of the probability of occurrence of different yields expected for the
different flow paths, which highlights the major difference between proposed flow paths, was also
undertaken. Finally, the yield expected from each diversion point was calculated to illustrate what
incremental flow diversion increase would be achieved by a staged approach to a potential civil works
program.
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1. INTRODUCTION

The Coorong, along with the Lower Lakes and Murray Mouth, is one of the largest of the internationally
significant wetlands recognised under the Ramsar Convention within the Murray-Darling Basin. Historically,
the hydrology of the Coorong has been influenced by significant fluctuations in seasonal discharge from the
River Murray to the Lower Lakes, surface water flows from the South East of South Australia (SE), as well
as local surface water and groundwater inputs.

Since European settlement, construction of the system of barrages to maintain water levels in the Lower
Lakes, over allocation in the Murray-Darling Basin, construction of the extensive drainage network in the
South East and changes in land use locally and particularly, severe drought in the Basin over recent years
have all influenced the hydrology of the Coorong. While the North Lagoon is most affected by tidal flushing
from the Murray estuary, the salinity regime in the South Lagoon may have been more strongly influenced by
surface runoff from the South East. This paper provides an assessment of the additional surface runoff that
may be delivered to the Coorong South lagoon (CSL) via two proposed drainage alignments. Further
assessment would be required to investigate the impact that any flow delivered might have on the
hydrodynamics and ecology of the CSL.

2.  COORONG SOUTH LAGOON FLOW RESTORATION PROJECT (CSLFRP)

The Coorong South Lagoon Flow Restoration Project (CSLFRP) has to date investigated options for
diverting water from the drainage network of the South East northwards to the Coorong using a combination
of purpose-built floodways and existing flow paths. However, there is still further runoff that flows west and
out to sea through the Lower South East constructed drainage network that could potentially be diverted
north and potentially delivered to the CSL. Australian Water Environments (AWE) in this respect studied a
series of delivery options and incorporated a number of climate change scenarios to provide estimates of
available yield to the CSL (AWE, 2009a).
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3.1. Hydrological Modelling
Runoff Estimation

In the first stage of modelling, the runoff expected from contributing catchments was estimated by extension
and refinement of daily rainfall runoff models as described by Wood and Way (2010). The commonly used
AWBM model structure was adopted, within the WaterCRESS platform (Cresswell 2002). For the historic
climate conditions, the rainfall and evaporation inputs required for the rainfall runoff model were derived
from the SILO Patched Point Datasets (Jeffrey et al. 2001). To consider possible changes in a future climate,
the projections adopted by AWE (2009a) for 2030 conditions have been used in this work. The study period
was chosen as a standard 30-year period of 1971-2000 for a number of reasons especially because it is
sufficiently long to capture both wet and dry periods and also excludes the effects of the drought over the last
decade (Wood and Way, 2010).

Minimum and Maximum Diversion Rates

Four diversion points at the intersection of existing East-West drains and the proposed flow paths were
identified to divert available water northward to the CSL, rather than directly out to the Southern ocean. The
maximum diversion rates are dependent on the capacity of the receiving flow path, and have been subject to
an optimisation study. Hence, optimum maximum diversion rates were estimated to identify the point at
which the benefit of increasing the diversion capacity is significantly reduced. The minimum diversion
thresholds were determined based on the requirements of the receiving environment downstream of the
diversion point. In this study the same minimum diversion thresholds as those determined by AWE (2009a)
have been applied.

Table 1 Maximum and Minimum diversion rates

. Minimum diversion rate | Maximum Diversion rate
Node | Location
(AWE, 20092a) (Optimization Study)
All flows below maximum
1 intersection of Drain M and both Flow Paths diversion rate once 30 GL | 250 ML/day
passed in a calendar year
2 intersection of Wilmot Drain and both Flow Paths 22 ML/day 500 ML/day
3 intersection of Drain K and both Flow Paths 10 ML/day 250 ML/day
4 intersection of Blackford Drain and Flow Path 02 0 ML/day 1000 ML/day
5 intersection of Blackford Drain and Flow Path 03 0 ML/day 1000 ML/day

3.2. Hydraulic Modelling

In order to estimate the losses along the transmission channel, the head difference, and hence water level in
the drain, is required. To estimate this, hydraulic modelling was undertaken using HEC-RAS in its steady-
state mode, with its companion tool HEC-GeoRAS to extract flow paths and cross-sections in GIS. Models
were developed for all reaches of each flow paths to provide meaningful inputs to the transmission loss and
water balance analysis, where a reach was defined by the presence of a diversion point or a controlling sill
along discrete lagoons. Data used to develop the hydraulic models included the 2 meter digital elevation
model (DEM) of the South East, construction plans for existing drains and conceptual channel profiles
provided in KBR’s (2009) final report. Manning’s roughness values were selected based on aerial
photographs. A range of flow rates were assessed in each reach and corresponding outputs such as width and
depth of channel, surface area of contained water and longitudinal profile of water surface elevation prepared
as a lookup table to be used in transmission loss analysis and water balance model.

3.3. Transmission Loss Analysis

Morgan et al. (2011) outlined a methodology for estimation of seepage losses from proposed flow paths as
part of this study. They proposed three alternative cases to quantify stream losses to groundwater system
based on the potential physical conditions observed in the field. All three methods are simple analytical
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mathematical models, for one-dimensional flow
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(2011) was identified as the most appropriate scenario (Figure 2). In this case, both the channel and the
groundwater table sit within a low conductivity soil layer above the regional aquifer. At least 0.5 m of soil is
present between the bottom of the channel and the top of the aquifer.

For each modelled reach, seepage for this case was calculated as:

h;%-hy?
Q= Kave

oty (1)

Where Q is the seepage per metre of channel; K,y is the average weighted hydraulic conductivity of the soil
and aquifer; h; is the elevation of water in the channel (derived from Hydraulic analysis for particular flow
rate); h, is the elevation of the watertable (Spring Water table); L is the distance from the channel that h2 is
measured. In line with the assumptions used by AWE (2009a), as well as the spatial analysis performed in
GIS, L was set at 250m in all cases.

The average hydraulic conductivity, K,,., in a saturated, two-layer system, was calculated according to
Equation 2 (Brunner et al., 2009):

-1
1 bsoi ba
Kave = [b X ( L+ _q>] > (2)

soilt bag Ksoil Kaq

Where K,,. is the average weighted hydraulic conductivity of the soil and aquifer; by is the thickness of the
soil layer (m); by is the thickness of the aquifer (m); Ky is the hydraulic conductivity of the soil (m/d); K,q
is the hydraulic conductivity of the aquifer (m/d).

A spreadsheet was populated with all the data necessary to calculate Equation 1 and Equation 2 for each
reach, and transmission loss calculated. To incorporate transmission losses in water balance model, different
range of flow rates were assessed in each reach and corresponding transmission loss prepared as a lookup
table.

3.4. Water Balance Modelling

Water balance analyses were conducted in a spreadsheet format on a daily time step. The following approach
used to compute the daily water balance for each reach separately:

e Inflow is calculated based on the outflow from an upstream reach, from a diversion node, and/or from any
contributing catchments.

e The corresponding water level to incoming flow is determined based lookup tables derived from
hydraulic analysis.

e The change in volume from water body based on the difference between any rainfall input and
evaporation output is then calculated.

e Groundwater losses are then applied based on lookup tables derived from Transmission analysis.

e Outflow then is calculated in each reach as the sum of the inflow to the reach plus the losses and gains.
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4. DISCUSSION AND RESULTS

4.1. Annual Median and Average Yield to the CSL

The yield to the CSL was calculated using a daily time step water balance model for different climate
conditions. The most significant factor for the difference between flow path 02 and flow path 03 is the
contribution of the local catchments from the east to the Taratap and Tilley Swamp drain at very end of flow
path 02 which although it does not contribute to flow path 03 itself but it contributes to CSL through existing
drainage network. Hence, to provide a fair comparison of both flow paths, yield from these catchments is
included to the yield of flow path 03. Based on this comparison, the results indicate that slightly larger
average and median annual volumes are delivered to the CSL by flow path 02, as this path has lesser losses
and smaller storages to fill and spill, in comparison to flow path 03

The impacts of the climate change scenarios were also modelled, where the projected reduction in rainfall
can be seen to significantly reduce the yield. A 2030 climate change median scenario (CCM) reduces the
median annual volumes delivered to the CSL for flow path 02 and flow path 03 in the order of 36 and 72%
respectively, while the climate change dry (CCD) reduces volumes to the CSL for flow path 02 and flow path
03 by 56 and 100% respectively. This larger reduction in the yield delivered to the CSL for flow path 03 is
due to the larger storages involved in this path, where smaller annual flows do not fill the wetlands along the
path that must fill and spill before water is delivered to the terminal CSL.

Table 2 Average and median annual volume from proposed flow paths

Median Annual, GL Average Annual, GL
Climate Scenario Historic CCM CCD Historic CCM CCD
Flow Path 02 54.59 34.94 23.85 49.40 35.05 | 23.98
Flow Path 03 13.69 3.85 0.00 17.73 9.22 3.95
(Existing network) 26.93 19.59 14.62 26.21 19.56 14.06
Total 40.62 23.43 14.62 43.94 28.78 18.01

4.2. Yield Probability of Occurrence

The annual exceedence probabilities were computed for each scenario to highlight the annual variability in
the expected yield from each flow path. Figure 3 can be interpreted as 80% of the years will produce flow of
11 GL to be diverted to the CSL under historic climate condition. Flow path 02 can be seen to be relatively
reliable, with four in five years on average delivering some flow to the CSL, and a relatively linear increase
in the flow diverted with the probability of occurrence, up to 104 GL for a one in ten year event.
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As presented in Figure 4, flow path 03 is expected to deliver less total volume for events with the same
probability of occurrence, when compared to flow path 02. The reliability of flows from this path is also
reduced, with some flow expected 60% of the time under historic conditions, reducing to 52% and only 40%
for the median and dry climate change scenarios respectively.

The volumes of water delivered to the CSL were found to be highly variable from one year to the next. For
instance, under historic climate condition along flow path 02, annual flows varied between 5.5 GL and
110 GL, with volumes greater than 79 GL occurring two out of ten years on average. Similarly, for flow
path 03 the annual flows varied between 0 ML and 74 GL with two out of ten years expecting a yield of
greater than 34 GL. When the total volume delivered to the CSL is considered (i.e. including the contribution
of the existing drainage network for flow path 03), there is little difference between the total yields delivered
to the CSL between two flow paths on average, with 49 GL expected from flow path 02, compared to 44 GL
from flow path 03. However, flow path 02 is more reliable, with some yield expected from this path for
historic climate conditions in all years, compared to 70% from flow path 03 and the reliability of flow path
03 also reduces much quicker for the climate change scenarios. Hence, when the variability of flows is
considered, flow path 02 will provide the highest volume to restore flows to the CSL.

4.3. Staged Delivery of Yield

To provide an insight into the benefit of extending the flow restoration project to intercept flows from the
diversion points further and further upstream, total yield to the CSL were broken down to indicate the
cumulative effect of each diversion point. Again, the yield from existing drainage network is included for
both flow paths for fair comparison.

Table 3 Staged delivery volume delivered to CSL—historic climate condition

. . Flow Path 02 Flow Path 03

Diversions

Median Mean Median Mean
Existing drainage network (EDN) 26.93 26.21 26.93 26.21
EDN + BF point 4 or 5) 43.67 40.54 34.23 35.28
EDN + BF point 4 or 5) + K¢points) 49.45 44.78 37.43 39.41
EDN + BF point 4 or5) + Kepoing) + Wipoin2) 54.46 48.29 40.22 42.86
EDN + BF point 4 o 5) + Kpoins) + Wipom) + Mipoint1) 54.59 49.40 40.62 43.94

The benefits of combining the existing volume with that from diversion on Blackford drain can be seen from
“EDN + BF” for each flow path under historic climate condition. In average, an extra 10 GL/year is expected
to be provided to the CSL via flow path 02 from just catchments contributing to Blackford drain (as the
difference between the EDN and EDN + BF). Similarly, the benefit gained by extending the route to intercept
drain K can be seen as “EDN + BF + K” and again to Wilmot drain “EDN + BF + K + W” where the
combination of drain K and Wilmot drain provides a similar yield to the CSL as that obtained from the
Blackford drain local catchments. Finally, the benefit by completing the route to intercept drain M can be
seen to be extremely limited “EDN + BF + K + W + M” with an average of 1 GL gained from drain M in wet
years only since the median is zero in both flow paths.

4.4  Uncertainty of groundwater loss analysis

The potential groundwater losses involved in the drainage network and lagoons provides the largest source of
uncertainty in the estimated yields presented in this study. Also, these losses are the most likely to influence
the most suitable flow path to be adopted to restore flows to the CSL. For example, in this study it has been
assumed that there is a certain volume that will be sustained in each lagoons located at very end of flow path
03 and the groundwater level will be high enough to make any losses to groundwater negligible. If this is not
the case, and the lagoons are a losing system, the yield expected from flow path 03 will be significantly
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reduced, and no longer comparable to flow path 02. However, there is also the possibility that the lagoons
and surrounding drainage network are a gaining system, increasing the yield expected from this flow path.
Hence, determination of aquifer properties (conductivity and thickness) in the area of interest would greatly
improve estimates. This would likely require the drilling of new observation wells to perform aquifer tests.

5. CONCLUSION

This study investigated water availability to be delivered from the South East drainage system to the CSL, to
assess the feasibility of implementing such a system. A combination of modelling approaches, including
daily time-step hydrological modelling, hydraulic modelling, analytical groundwater models and a water
balance model were required to provide valuable estimates of the yields available to be diverted from the
South East region to the CSL. The total volume delivered to the CSL is not the only consideration in the
decision to implement a capital works program, for example the degree of engineering works required to
provide the necessary drain capacity, the ecological benefits provided to the ephemeral lagoons associated
with flow path 03, and the trade of between diverting water to the CSL or using water for environmental
purposes more locally in the South East. The distribution of yields estimated by this study provide valuable
input to future stages in the decision making process on the feasibility of constructing further drains to
support the ecology of the CSL.
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