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Foreword

The Department for Environment and Water (DEW) is responsible for the management of the State’s natural
resources, ranging from policy leadership to on-ground delivery in consultation with government, industry and
communities.

High-quality science and effective monitoring provides the foundation for the successful management of our
environment and natural resources. This is achieved through undertaking appropriate research, investigations,
assessments, monitoring and evaluation.

DEW's strong partnerships with educational and research institutions, industries, government agencies,
landscape boards and the community ensures that there is continual capacity building across the sector, and
that the best skills and expertise are used to inform decision making.

John Schutz
CHIEF EXECUTIVE
DEPARTMENT FOR ENVIRONMENT AND WATER
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Executive Summary

The Coorong Infrastructure Investigations Project is part of the South Australian Government's Healthy
Coorong, Healthy Basin Program. As part of the Healthy Coorong, Healthy Basin Program, the Coorong
Infrastructure Investigations Project (CIIP) has been established to investigate the feasibility of long-term
infrastructure options for improving the ecological health of the Coorong.

The objective of the Phase 1 ecological investigations for the Coorong Infrastructure Investigations Project
(ClIP) was to assess and compare the benefits and risks of the shortlisted infrastructure options (and
combinations thereof) to the Coorong ecosystem, with a focus on the Coorong South Lagoon (CSL). Ecological
investigations conducted for Phase 1 of ClIP were informed by modelling of Coorong conditions
(hydrodynamic, biogeochemical and habitat) under CIIP options and different management scenarios and
climate/flow conditions.

Ecological investigations were comprised of two components:

1. Ecological interpretation: A qualitative interpretation of ecological conditions in the Coorong under
each CIIP option based upon expert opinion. The ecological interpretation documented the expected
response of key ecosystem components (sediment quality, nutrients, aquatic macrophytes,
macroinvertebrates and fish) under a ClIP option in the short (<3 years) and long-term (>10 years).
The current (2020-21) condition of each key ecosystem component in the Coorong was used as a
reference point by which to assess whether the ecosystem component was to improve, remain in a
similar condition (neutral) or deteriorate. The magnitude of change from the reference point was also
considered (i.e. minor or major).

2. Ecological risk assessment: A semi-quantitative evaluation of changes in level of ecological risk in the
Coorong (salinity, water level and nutrients) under a CIIP option with respect to the “no build” case.
The ecological risk assessment considered both risk and benefit, with risk measured as a departure
from the management objectives for the Coorong as detailed in the Ramsar Management Plan and/or
the desired state for the Southern Coorong in the Desired state of the Southern Coorong — discussion
paper. Benefit was measured and defined as a reduction in residual risk under a CIIP option.

This report details the methodology and findings of the ecological investigations for Phase 1 of ClIP. The
recommendations and findings from Phase 1 ecological investigations will inform Phase 2 and broader
feasibility studies for the CIIP.

A summary of the findings of the Phase 1 ecological investigations are shown below.

Risk to the system Shortlisted CIIP options can potentially improve the ecological values of
the Coorong but they also have the potential to worsen those values.
Extreme care should be taken to avoid further detrimental impact to the
site, particularly to the Coorong North Lagoon (CNL)

Trade-offs Ecological interpretation of system responses to CIIP infrastructure
found that some options improved the health and condition of the
Coorong, however, the Ecological Risk Assessment highlighted that
some of these options had trade-offs and had potential to negatively
impact parts of the system (i.e. CNL).

Coorong system sensitivity There seems to be an important system response to slight differences in
model assumptions (E.g. pumping in 125 vs pumping in 250), which
highlights the importance of CIIP scenario refinement in Phase 2 of the
feasibility investigations.

DEW Technical report 2020/21 11
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The benefits and risks to the Coorong ecosystem for each CIIP option are summarised below.

CIIP option

Lake Albert to Coorong
Connector

Coorong Lagoon
dredging to improve
connectivity

A connection between
the Coorong South
Lagoon and Southern
Ocean

Contribution/Benefits

Modest improvements to flushing and
salinity metrics.

Benefits may be limited to times when
there is sufficient flow in the river.
Therefore, benefits are unlikely to be
provided under extremely dry
conditions.

Dredge at targeted locations to
remove flow constrictions and
subsequently improve connectivity
between the CNL and Coorong South
Lagoon (CSL).

Increased connectivity improves
flushing and the export of salt and
nutrients. The higher water levels in
the CSL over summer are likely to
increase the extent of mudflat at a
critical time for shorebirds.

This option has the benefit of being
independent of water availability in the
River Murray or south east drainage
network.

Pumping water out of the Coorong will
export salt and nutrients from the
system and draw marine water (lower
in salinity, ~35 ppt) in through the
Murray Mouth, further reducing
salinity in the CNL and CSL. The
increased circulation of water between
the Coorong and Southern Ocean
would reduce water residence time in
the CSL.

Risks

The system continues to deteriorate
due to insufficient flow, especially
under extremely dry conditions.

Nutrient rich sediments are likely to
worsen in Coorong North Lagoon
(CNL) and unlikely to improve in the
CSL due to additional nutrient loads
from Lake Albert and subsequent
expected increases in algal biomass.

CNL water quality may decline due to
additional inputs of high nutrient
water from Lake Albert and result in an
increase in the extent of the lagoon
considered to be in a hyper-eutrophic
state.

Small risk of temporal increases in
salinity in the CNL. Water levels in the
CSL may decline more rapidly in
spring, which could be detrimental to
Ruppia tuberosa (referred to as Ruppia)
reproduction.

Potential impact of sediment
disturbance during the construction
phase and the subsequent potential
for long-term impacts (including acid
sulphate soils).

Pumping water out during the
summer/autumn months when water
levels are seasonally low, has the
negative impact of further reducing
these water levels. This impact can be
mitigated by (i) only pumping out
when water levels are above a
specified threshold, (ii) pumping water
in as well as out or (iii) via dredging.

Pumping ocean water into the
Coorong may have a negative impact
on the CNL salinity (increase) due high
salinity water moving north from the
CSL. However, in the longer-term it is
expected that the salinity
concentrations in the CSL would be

DEW Technical report 2020/21
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CIIP option

Further augmentation
of South East Flows to
the Coorong

Additional automated
barrage gates

For Official Use Only

Contribution/Benefits

Pumping water into the Coorong helps
to dilute and export salt and nutrient
rich water from the CSL and through
the Murray Mouth. However, the
benefits are modest compared to
pumping water out.

The South East Flows Restoration
project (SEFRP) was completed in
2018. The project was responsible for
the construction of a channel that
diverted flow from the Blackford Drain
in the South East drainage network
towards the Coorong.

Further augmentation of flows from
the South East drainage network could
divert additional volumes from the
Drain L and K catchments into the
Coorong.

Benefits from automated barrage
gates would only be experienced at a
localised scale in the CNL.

Risks

significantly lower, and therefore, any
movement of water from the CSL to
CNL may have negligible impact.

South East flows augmentation (SEFA)
is dependent on rainfall within the
catchment, and modelling has
determined that the volume of SEFA
water entering the CSL would be
relatively modest.

Volumes of freshwater inflow are
insufficient to reach target salinity and
nutrient concentrations.

Preliminary modelling indicated even
under a range of 'best case’
operational scenarios the additional
automation of barrage gates would
not sufficiently reduce salinity and
nutrient concentrations in the CSL.

DEW Technical report 2020/21
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1. Background

The Coorong, Lower Lakes and Murray Mouth (CLLMM) are located at the terminus of the Murray-Darling
Basin in South Australia (Figure 1.1). The Lower Lakes (Lake Alexandrina and Lake Albert) are hydrologically
separated from the Coorong by five barrages (Goolwa, Mundoo, Boundary Creek, Ewe Island and Tauwitchere)
built in the 1930-40s. Lake Albert is a terminal lake connected to Lake Alexandrina by a narrow channel (the
Narrung Narrows), and the Coorong is connected to the Southern Ocean (Encounter Bay) through the Murray
Mouth (Figure 1.1).

The CLLMM is a wetland of local, national and international importance and one of the most significant
waterbird habitats in the Murray-Darling Basin (Brookes et al. 2018). The site is listed as a Ramsar Wetland of
International Importance, and therefore the Australian Government has international obligations to maintain
the ecological character of the site (Brookes et al. 2018).

Reductions in inflows have led to the long-term decline in the ecological condition of the Coorong, which was
exacerbated by the Millennium Drought (2001-10). Increased inflows to the Coorong following the Millennium
Drought were expected to enable the recovery of the Coorong, and while some ecological values have
recovered, to date, there has been limited recovery of ecological values in the Coorong South Lagoon (CSL)
(Brookes et al. 2018).

A lack of flushing flows has contributed to the CSL becoming a sink for both salt and nutrients, and resulted in
its current hypersaline and hypereutrophic state (Mosley et al. 2020) (Figure 1.2). The hypersaline and
hypereutrophic state of the CSL in association with low water levels over late spring and summer have
prohibited the recovery of the lagoon to a healthy state.

The current condition of the CSL was summarised by DEW (2021a) and Brookes et al. (2021):

e |tis degraded and at risk of losing its ecological character and no longer supporting the elements that
make it a wetland of local, national and international importance.

e Prolonged hyper-saline and hyper-eutrophic conditions have significantly affected the waterbirds, fish,
plants and invertebrates of the CSL.

e Hyper-saline conditions have reduced the abundance and extent of the aquatic plant—Ruppia
tuberosa, which is an important food source for waterbirds and habitat for other biota, including fish
and macroinvertebrates.

e The CSL is experiencing excessive growth of flamentous algae over summer, which interferes with the
reproduction of Ruppia. Filamentous algae also aggregate and form large mats that blanket the
mudflat and prohibit migratory shorebirds from probing the sediment in search for food.

e The growth of filamentous algae (and other phytoplankton) are stimulated by the release of nutrients
(nitrogen and phosphorus) from anoxic and nutrient-rich sediments.

DEW Technical report 2020/21 14
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1.1 Desired state
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The Department for Environment and Water (DEW) have described the desired state of the Southern Coorong
(DEW 2021a). The Southern Coorong is another term reflective of the same spatial range as the CSL, and
therefore, the Southern Coorong will be referred to as CSL herein. The desired state for the CSL was

underpinned by:

e some, but limited historical information of the Coorong when it was a diverse and resilient ecosystem
that supported healthy populations of plants, invertebrates, fish and waterbirds,

e existing hydrological and environmental gradients occurring in the Coorong (e.g. presence of fish,
macroinvertebrates and aquatic plants within known salinity ranges); and

e scientific understanding of the biotic and abiotic processes governing complex hypersaline estuarine

systems.

The desired environmental values, salinity and nutrient conditions, and food web structure are detailed in
Table 1.1. A conceptual model of the current and desired states of the CSL is shown in Figure 1.2, which
demonstrates the recovery of the CSL from a hypereutrophic state to a mesotrophic (moderate nutrient loads)
state. To reach this desired state, short and long term strategies are required to manage water, salinity and
nutrients to improve the ecological functioning of the system.

Table 1.1 The desired state for ecosystem elements in the CSL as described by DEW (2021a).

Ecosystem element
Environmental value

Salinity

Nutrients

Food webs

Desired state

A resilient and naturally variable system able to withstand environmental
variability and to support the environmental values that make it a wetland of
local, national and international importance

A naturally variable system including some periods of hyper-salinity (>60 g/L)
and a range of lower maximum salinities between years

Healthy sediment nutrient cycling and sediment-water fluxes, and mesotrophic
conditions defined as moderate levels of chlorophyll-a, nitrogen and
phosphorus. Bio-available nutrients are fixated by aquatic plants over
phytoplankton, benthic microalgae and filamentous algae.

CSL supports functional food webs including: aquatic plant (e.g. Ruppia tuberosa)
communities, invertebrate, fish and waterbird populations and a more complex
resilient food web with multiple trophic levels and productive and diverse biota.

DEW Technical report 2020/21
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Figure 1.2 Conceptual model of the current (above image) and the desired (below image) state of the
CSL. Source: Waycott et al. (2020).

1.2 Healthy Coorong, Healthy Basin program

The South Australian and Federal governments have established the Healthy Coorong, Healthy Basin (HCHB)
program, a $77.7 million 5-year program that aims to support the long-term health of the Coorong by
providing evidence-based management options to manage both immediate threats and future conditions
anticipated under a changing climate. It is recognised that maintaining the long-term ecological health and
resilience of the Coorong may not be achievable through improved knowledge and water resource
optimisation alone, and therefore, a number of potential management options have been identified over the
years to potentially improve water delivery to, and enhance the ecological health of, the Coorong. Further
information about the program is available at https://www.environment.sa.gov.au/topics/coorong/action-plan.

1.3 Coorong Infrastructure Investigations project

As part of the HCHB program, the Coorong Infrastructure Investigations Project (CIIP) has been established to
investigate the feasibility of long-term infrastructure options for improving the ecological health of the
Coorong.

1.3.1 CIIP management options

A short list of potential management options was developed through options analysis and community
consultation in 2020. Options identified for further investigation included:

1. Lake Albert to Coorong Connector:
The objective of this option is to introduce freshwater directly from Lake Albert into the CNL (see
discharge point in Figure 1.3), to allow water level cycling to promote the flow of lower salinity water
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into the CSL. A target flow rate of 1 GL/d has previously been proposed and this forms the basis of the
current feasibility investigations.

2. Coorong Lagoon dredging to improve connectivity
The objective of this option is to enhance connectivity between the Coorong North Lagoon (CNL) and
CSL by removing constrictions to flow, thereby improving transfer of water to and from the CSL.
Locations identified that may require dredging were Pelican Point (south east of Tauwitchere Barrage)
and Parnka Narrows. The dredging alignments modelled (individually and in combination) for
management scenarios in this report were:
e Pelican Point: 2.5 km of dredge length to a 200 m wide profile with an invert level of -1.5 m
AHD, and
e Parnka Narrows: 18.5 km of dredge length centered near Parnka Point to a 200 m wide profile
with an invert level of -1.2 m AHD (Figure 1.3).

3. A connection between the Coorong South Lagoon and Southern Ocean
A permanent connection between the CSL and Southern Ocean could take the form of either a
pumped connection or a passive connection. This solution would allow either transfer of lower salinity
marine water into the CSL and/or transfer of hypersaline water from the CSL to the Southern Ocean.
Four broad options are being investigated:
e Pumping seawater into the CSL to dilute salt and nutrients and export water out of the CSL
through the Coorong North Lagoon (CNL) and Murray Mouth to the Southern Ocean.

e Pumping water out of the CSL to export salt and nutrients to the Southern Ocean, drawing in
marine water with lower salinity through the Murray Mouth and CNL, reducing water
retention time in the system.

e A combination of pumping into and out of the CSL from the Southern Ocean.

e A passive connection between the CSL and the Southern Ocean that would exchange flow in
both directions based on relative ocean and CSL water levels (predominantly flow from the
Southern Ocean to CSL during summer and vice versa during winter).

Pumping locations that were used in modelled management scenarios are shown in Figure 1.3.

4. Further augmentation of South East Flows
The objective of this option is to divert additional low salinity flows from the South East Drainage
Scheme into CSL via Salt Creek (Figure 1.3).

5. Additional automated barrage gates
As a lower cost and less infrastructure intensive option, consideration has also been given to the addition
of a greater number of automated gates within Tauwitchere Barrage to improve control over the
discharge of Lake Alexandrina water into the CNL.

Preliminary modelling (Initial hydrodynamic model scenarios to inform Coorong Infrastructure
Investigations project, conducted in 2020) indicated even under a range of 'best case’ operational
scenarios the additional automation of barrage gates would not sufficiently reduce salinities in the CSL.
Positive benefits for barrage automation would only be experienced in localised areas of the CNL.

The Coorong Partnership community advisory group considered this preliminary modelling at its
meeting at Raukkan on 6 May 2021 and endorsed the recommendation from DEW that additional
automated barrages should be discounted from further consideration under this specific investigation.
Therefore, additional automated barrage gates were not assessed in this report.
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Figure 1.3 Map of the Coorong showing the monitoring stations and location of infrastructure options.
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2 Ecological investigations

A key objective of CIIP is to identify the long-term infrastructure options that could improve the ecological
health of the Coorong. To meet this objective, ecological investigations were conducted under Phase 1 of CIIP
(Figure 2.1).

Ecological investigations conducted for Phase 1 of CIIP were informed by modelling (section 3) of Coorong
conditions (hydrodynamic, biogeochemical and habitat) under CIIP options for different management and
climate/flow scenarios. Ecological investigations were comprised of two components:

1. Ecological interpretation (section 4): A qualitative interpretation of the modelled ecological conditions
in the Coorong under each CIIP option, based upon qualitative expert judgement.

2. Ecological risk assessment (section 5): A semi-quantitative evaluation of changes in level of ecological
risk in the Coorong (with respect to the key hydrological and biogeochemical parameters regarding
salinity, water level and nutrients) under a CIIP option with respect to the “no build” case.

The ecological interpretation and risk assessment complement one another to form a robust basis from which
to evaluate the predicted ability of CIIP options to improve the ecological health of the Coorong. Ecological
interpretation is a critical activity in the evaluation of CIIP options as it provides:

e Anunderstanding of the expected ecological responses for key ecosystem components that cannot be
quantitatively modelled with the current functionality of the Coorong Dynamics Model or that are only
able to be currently simulated with low accuracy.

e A "sanity check” that the modelled results align with our conceptual understanding of the ecosystem.
The ecological risk assessment complements the ecological interpretation as it provides:

e A semi-quantitative approach to the evaluation of ClIP options and therefore personal biases should
have limited influence on the results.

e A clear geographic delineation (CSL and CNL) of the benefits and risks (and trade-offs) in the Coorong
under each CIIP option.

The findings and recommendations from Phase 1 ecological investigations are presented in section 6.

Modelling
(section 3)

Ecological Ecological risk
interpretation assessment
(section 4) (section 5)

\_ Ecological Investigations /

Figure 2.1 Ecological investigations conducted for Phase 1 of CIIP.
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3 Modelling

3.1 Model platforms

Hydrological, biogeochemical and ecological models are used by environmental managers to inform
management decision-making for aquatic ecosystems, and improve our predictions of future responses to
management interventions. A review of all existing hydrodynamic, biogeochemical and ecological models for
the Coorong was conducted under Phase One of the Trials and Investigations Project (DEW 2020a), which
identified that the Coorong Dynamics Model as the most sophisticated ecosystem model for the Coorong. The
Coorong Dynamics Model and its hydrodynamic platform; the TUFLOW-FV model, have been used to support
CIIP investigations.

3.1.1 TUFLOW-FV

The TUFLOW-FV model is a two or three-dimensional model that simulates the movement of water and
predicts water level and depth, salinity, velocity, temperature, fluxes and Murray Mouth morphology in
response to inflows, tides, wind, waves, evaporation and rainfall (BMT 2019). The model is very flexible and to
date represents the most detailed hydrodynamic model of the Coorong. A full summary of the TUFLOW-FV
Model including its schematisation, outputs and validation are available in BMT (2019) and DEW (2020b).

3.1.2 Coorong Dynamics Model

The Coorong Dynamics Model dynamically links the TUFLOW-FV model with the AED2 Biogeochemistry and
Habitat Model (Figure 3.1). The model is used to simulate the hydrodynamic conditions, water clarity (light and
turbidity), nutrients (organic and inorganic), chlorophyll-a, filamentous algae and Ruppia habitat quality in the
Coorong at high-resolution (Hipsey et al. 2020). A full summary of the Coorong Dynamics Model including its
schematisation, outputs and validation are available in Collier et al. (2017), Hipsey et al. (2020) and BMT (2021).

C N\

|9POIN Solweulq buoiood

& /

Figure 3.1 Ecological investigations conducted for Phase 1 of CIIP.
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3.1.3 Use of models outputs

During 2021, CIIP investigations have used the TUFLOW-FV model and the Coorong Dynamics Model to
conduct short-term (three-year) simulations of hydrodynamic, biogeochemical and habitat conditions under a
range of management scenarios. The model outputs were used to support the ecological interpretation (see
section 4), and ecological risk assessment (see section 5).

3.2 Modelling accuracy and validation

The statistics used to validate the TUFLOW-FV model and Coorong Dynamics Model are described in Table 3.1.

Table 3.1 Description of the statistics used for validation of outputs from the TUFLOW-FV and Coorong
Dynamics Model. Source: BMT (2021).

Statistic Description

The average magnitude of errors between pairs of observations. The
MAE will always be smaller or equal to the root mean square error and is
considered to be a better measure of the average
magnitude as the errors are equally weighted and influence from

Mean Absolute Error (MAE) outliers is minimised.

Quantification of the absolute error in the model. This parameter gave

an indication of the expected error in the calibration overall. The process

of squaring the differences of the model and observed data gives higher
Root Mean Squared Error (RMSE) weight to the largest.

A measure of how close the model and observed data can be

represented by a linear regression line. The R-squared value is always

between 0 and 1.0 with the higher R-squared value indicating a better
Coefficient of determination (R?) model fit.

3.2.1 TUFLOW-FV

Modelled outputs were compared with observed water levels and salinities recorded at seven monitoring
stations across the model domain (Table 3.1). Despite some limitation in representing the Murray Mouth
dynamics and the subsequent effect in the Murray estuary and CNL, the model is considered to replicate
observed conditions well, particularly in the CSL.

Table 3.1 Validation statistics of the TUFLOW-FV model for simulated salinity concentrations and water
levels over the Murray estuary and Coorong.

Salinity Water level
Site Station MAE RMSE R? MAE RMSE R?
Beacon 1 A4261043 10.8 13.7 0.35 0.13 0.16 0.68
Pelican
Point A4261134 11.7 13.5 0.30 0.13 0.15 0.81
Long Point  A4261135 10.1 11.8 0.35 0.08 0.10 0.88
Robs Point ~ A4260572 13.5 16.4 0.65 0.08 0.10 0.88
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Salinity Water level
Site Station MAE RMSE R? MAE RMSE R?
Parnka
Point A4260633 124 17.8 0.69 0.16 0.17 0.95
Woods Well  A4261209 3.2 5.0 0.95 0.09 0.11 0.95
Snipe Island  A4261165 3.7 5.1 0.96 0.08 0.11 0.93

MAE=mean absolute error, RMSE = root mean squared error, R? = coefficient of determination.
3.2.2 Coorong Dynamics Model

As the Coorong Dynamics Model uses the TUFLOW-FV model as its hydrodynamic model, the validity of its
hydrodynamic outputs will be reflective of that described in section 3.2.1. The biogeochemical outputs (total
nitrogen, total phosphorus and total chlorophyll-a) from the Coorong Dynamics Model were validated in BMT
(2021) with data collected at Long Pt, Parnka Pt and Snipe Island (Table 3.2). The Coorong Dynamics Model
captures temporal and spatial changes in total nitrogen and phosphorus, with simulations of total nitrogen
showing high accuracy. At present, the Coorong Dynamics Model shows good agreement of total chlorophyll-
a concentrations at Long Point in the CNL, however, the model tends to underestimate concentrations at more
southern sites in the system (i.e. Parnka Pt and Snipe Island).

The Ruppia Habitat Suitability Index (HIS) of the Coorong Dynamics Model also simulates reasonably well in
the CSL, with the HSI for flowering correlating (R2 =0.44 for 2019) with observed seed densities at the start of
the following season. This correlation is weaker when considering the entire extent of the Coorong (R2 =0.22
for 2019) (Hipsey et al. 2021).

Table 3.2 Validation statistics of the Coorong Dynamics model for simulated concentrations of total
nitrogen, total phosphorus and total chlorophyll-a over the Coorong.

Total Nitrogen (mg/L) Total Phosphorus (mg/L) Total Chlorophyll-a

(ng/L
Site Station MAE RMSE R? MAE RMSE R? MAE RMSE R?
Long 0.20 0.24 043 0.039 0.063 -7.02 11.3 20.9 -0.83
Point A4261135
Parnka 0.84 1.04 0.51 0.063 0.079 -0.24 29.2 33.0 -0.78
Point A4260633
Snipe 0.40 0.67 0.44 0.042  0.055 -0.33 39.7 448 -2.02

Island A4261165
MAE=mean absolute error, RMSE = root mean squared error, R? = coefficient of determination.

3.3 Scenarios for modelling

A series of scenarios for each CIIP option and/or combination of operations were defined by DEW to be run
through the TUFLOW-FV model and/or the Coorong Dynamics Model. The scenarios that were modelled are
summarised in Table 3.3.

The modelled scenarios are simulated for ~3-year periods, with the TUFLOW-FV model simulating the period
from 7 May 2013 to 28 January 2016 and the Coorong Dynamics Model simulating the period from 1 July
2017 to 1 July 2020. Simulations run using both the TUFLOW-FV and Coorong Dynamics Model considered a
range of flow and climate conditions, including observed, typical and dry conditions. A summary of all the
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simulations assumptions are presented in Table 3.4 Assumptions for the simulations of ClIP scenarios run by
the TUFLOW-FV modeland Table 3.5.

Table 3.3 Description of the scenarios that were run through the TUFLOW-FV model and the Coorong
Dynamics Model for each CIIP option or combination of CIIP options.

CIIP option scenario

1.1. Lake Albert Connector realistic

1.2 Lake Albert Connector and Dredge

2.1 Dredge

2.2 Dredge Pelican

2.3 Dredge Parnka

3.1 Constantly pumping in 125
3.2 Constantly pumping in 250
3.3 Constantly pumping in 500
3.4 Constantly pumping out 125

3.5 Constantly pumping out 250

3.6 Constantly pumping out 250 at
Round Island

3.7 Constantly pumping water in and out

3.8 Pumping water out above 0.2m

3.9 Pumping water out above 0.3m

3.10 Pumping water in or out (AHD >
0.3m <0.15m)

3.11 Pumping water in or out (AHD >
0.2m <0.1m)

3.12 Pumping water in or out (AHD >
0.3m <0.15m)

3.13 Passive ocean connector (10 x 1.5m
pipes)

3.14 Passive ocean connector (5 x Tm
pipes)

3.15 Passive ocean connector (10 x Tm
pipes)

Description
Divert any barrage flow above a total barrage discharge of 2 GL/d
and up to a maximum of 1 GL/d through Lake Albert.

Lake Albert Connector realistic and Dredge as per 2.1

Dredging on targets constrictions at Parnka Point and Pelican
Point. Parnka Point channel dimensions; 200m wide, -1.2m AHD
deep & 18.5 km long. Pelican Point channel dimensions, 200m
side, -1.5m AHD deep & 2.5km long

Dredge Pelican Pt only

Dredge Parnka Pt Only

Pumping in 125ML/d Policeman point
Pumping in 250ML/d Policeman point
Pumping in 500ML/d Policeman point
Pumping out 125ML/d Policeman point
Pumping out 250ML/d Policeman point

Pumping out 250ML/d Round Island

Pumping in 250 ML/d Policeman Point and out 250ML/day Round
Island. Locations are 20km apart to enable circulation and mixing
of ocean inflows.

Pump out only when CSL water level is above 0.2m AHD trigger
value. Pump out at Policeman point at 500 ML/d
As above but for water level .0.3mAHD

Pump out and in 500ML/day at Policeman Point based on water
level triggers of >0.3m AHD (pump out) and <0.15m AHD (pump
in). There will be a period of no pumping when water level is
between trigger values.

As above but for water levels out 0.2m AHD and in 0.Tm AHD

As above but for water levels out 0.3m AHD and in 0.15m AHD

Passive exchange flow in both directions based on relative ocean
and Coorong water levels. Will predominantly flow from ocean to
Coorong during summer and vice versa during winter.

As above but for different pipe configuration

As above but for different pipe configuration
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CIIP option scenario

3.16 Passive ocean connector (5 x 0.75m
pipes)

3.17 Passive ocean connector (10 x 2m
pipes)

3.18 Constantly pumping in 125 and
Dredging

3.19 Constantly pumping in 250 and
Dredging

3.20 Constantly pumping in 500 and
Dredging

3.21 Constantly pumping out 125 and
Dredging

3.22 Constantly pumping out 250 and
Dredging

3.23 Constantly pumping out 500 and
Dredging

3.24 Constantly pumping out 250 and
Dredging only at Pelican Point

4.1 Further augmentation of South East
Flows

For Official Use Only

Description
As above but for different pipe configuration

As above but for different pipe configuration

Pumping in 125ML/d Policeman point and Dredge as per 2.1
Pumping in 250ML/d Policeman point and Dredge as per 2.1
Pumping in 500ML/d Policeman point and Dredge as per 2.1
Pumping out 125ML/d Policeman point and Dredge as per 2.1
Pumping out 250ML/d Policeman point and Dredge as per 2.1
Pumping out 500 ML/d Policeman point and Dredge as per 2.1
Pumping out 250ML/d Policeman point and Dredge as per 2.2

(10 GL/y additional)
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Bathymetry Pumping
ClIP Hydro K ] Lake Albert
scenario Run Inflow FEGLE Pell'can Mouth Policeman Pt Round Connector
No CIIP scenario No narrows point Island
Basecase 1 Observed Existing Existing None None
Dry 2 None Existing Existing None None
Climate change 41 Existing Existing None None
Do - Bed level +
nothing | Climate change_bedlift 46 None Bxisting 0.24m None None
- - 1GL/d
Observed Existin Existin None i
1.1 Lake Albert Connector _ realistic 42 v XIsting xisting conditional
1.2 Lake Albert Connector_ Dredge 4 Observed Dredge Dredge Existing None 1Gl/d
200m wide 200m o
21 Dredge 5 Observed t0 -1.2m wide to - Existing None None
2.2 Dredge Pelican 28 Observed Existing 1.5m Existing None None
Dredge
Observed | 200m wide Existing Existing None None
2.3 Dredge Parnka 29 to -1.2m
3.1 Constantly pumping in 125 Observed Existing Existing In 125 ML/d None None
32 Constantly pumping in 250 Observed Existing Existing In 250 ML/d None None
33 Constantly pumping in 500 Observed Existing Existing In 500 ML/d None None
Observed Existing Existing Out 125 ML/d None None
34 Constantly pumping out 125 27 None Existing Existing Out 152 ML/d None None
10 Observed Existing Existing Out 250 ML/d None None
35 Constantly pumping out 250 26 None Existing Existing Out 250 ML/d None None
- - Out 250
E E N
3.6 Constantly pumping out 250 at Round Island 20 Observed Xisting xisting one ML/d None
- _r In 250
37 Constantly pumping water in and out > Observed Existing Existing Out 250 ML/d ML/d None
3.8 Pumping water out above 0.2m 24 Observed Existing Existing Out 500 ML/d None None
3.9 Pumping water out above 0.3m 48 Observed Existing Existing Out 500 ML/d None None
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Bathymetry Pumping
clp Hydro . Lake Albert
scenario Run Inflow i Pelz'can Mouth Policeman Pt Round Connector
No CIIP scenario No narrows point Island
3.10 Pumping water in or out (AHD > 0.3m <0.15m) 51 Observed Existing Existing Out 500 ML/d None None
Ob d Existi Existi Out 500 ML/d N N
3.1 Pumping water in or out (AHD > 0.2m <0.1m) 47 serve XISing XISing ! / one one
3.12 Pumping water in or out (AHD > 0.3m <0.15m) 52 Observed Existing Existing Out 500 ML/d None None
3.13 Passive ocean connector (10 x 1.5m pipes) 50 Observed Existing Existing Existing Passive connection None
30 and - - . . .
314 Passive ocean connector (5 x 1m pipes) 31 Observed Existing Existing Existing Passive connection None
3.15 Passive ocean connector (10 x 1m pipes) 33 Observed Existing Existing Existing Passive connection None
3.16 Passive ocean connector (5 x 0.75m pipes) 34 Observed Existing Existing Existing Passive connection None
3.17 Passive ocean connector(10 x 2m pipes) 49 Observed Existing Existing Existing Passive connection None
3.18 Constantly pumping in 125 and Dredging 12 Observed Existing In 125 ML/d None None
3.19 Constantly pumping in 250 and Dredging 13 Observed Existing In 250 ML/d None None
18 Observed Existing In 500 ML/d None None
3.20 Constantly pumping in 500 and Dredging 14 None Dredge Dredge Existing In 500 ML/d None None
3.21 Constantly pumping out 125 and Dredging 15 Observed | 200m wide 200m Existing Out 125 ML/d None None
19 Observed to -1.2m wide to - Existing Out 250 ML/d None None
3.22 Constantly pumping out 250 and Dredging 16 None 1.5m Existing Out 250 ML/d None None
17 Observed Existing Out 500 ML/d None None
3.23 Constantly pumping out 500 and Dredging ? None Existing In 500 ML/d None None
Constantly pumping out 250 and Dredging only at - -
34 Pelican Point 25 Observed Existing Existing Out 250 ML/d None None
38 - - -
4.1 Further augmentation of South East Flows 40 Bxisting Bxisting Existing None None
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Table 3.5 Assumptions for the simulations of CIIP scenarios run by the Coorong Dynamics Model.

Bath t P i
clp T Salt athymetry umping Lake
scenario BMT | Hydrology | Fiow Creek | Parnka | Pelican st Policeman | Round Albert SEFA
No CIIP scenario run | /Climate narrows point Pt Island | Connector
Do Basecase 14 Typical 2000GL/y | 40GL/y Existing Existing Existing None None None None
nothing | Dry 1 Dry 800GL/y | 20GL/y Existing Existing Existing None None None None
Lake Albert Connector 4 Dry 684GL/y 20GL/y Existing Existing Existing None None 116GL/y None
1.1 realistic 17 Typical 1782GL/y | 40GL/Yy Existing Existing Existing None None 218GL/y None
18.5km- 2.5km- isti
Lake Albert Connector and 11 Dry 711GL/y 20GL/y 200mm- ZOOr:— Existing None None 116GL/y | None
1.2 Dredge 24 Typical 1804GL/y | 40GL/y 12m 15m Existing None None 218GL/y | None
6 Dry 800GL/y 20GL/y (L/W/RL) | (L/W/RL) Existing None None None None
2.1 Dredge 19 Typical 2000GL/y | 40GL/y Existing None None None
13 Dry 800GL/y | 20GL/Yy Existing Existing Existing In 250 ML/d None None None
3.2 Constantly pumping in 250 26 Typical 2000GL/y | 40GL/y Existing Existing Existing None None None
12 Dry 800GL/y | 20GL/y | Existing | Existing | Existing Out 125 None None | None
ML/d
34 Constantly pumping out 125 25 Typical 2000GL/y | 40GL/y Existing Existing Existing None None None
3 Dry 800GL/y 20GL/y Existing Existing Existing Out 250 None None None
ML/d
35 Constantly pumping out 250 16 | Typical 2000GL/y | 40GL/y Existing Existing Existing None None None
Constantly pumping water in 8 | Dry 800GL/y | 20GL/Yy Existing Existing Existing Const Out Const In None None
3.7 and out 21 | Typical 2000GL/y | 40GL/y Existing Existing Existing 250ML/y 250ML/y | None None
Pumping water out above 9 | Dry 800GL/y | 20GL/y Existing Existing Existing None None None
3.8 0.2m 22 | Typical 2000GL/y | 40GL/y Existing Existing Existing 500ML/d None None None
7 | Dry 800GL/y | 20GL/y Existing Existing Existing None None None
Pumping water in or out Out500ML/d
3.10 (AHD > 0.3m <0.15m) 20 | Typical 2000GL/y | 40GL/y Existing Existing Existing - In500ML/d | None None None
Passive ocean connector 2 | Dry 800GL/y | 20GL/y Existing Existing Existing None None None
3.13 (10 x 1.5m pipes) 15 | Typical 2000GL/y | 40GL/y Existing Existing Existing None None None
3.22 10 | Dry 800GL/y | 20GL/y Existing None None None
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Bath P i
c||p. Barrage Salt at ?lmetry : umping Lake
scenario BMT | Hydrology | pjow Creek | Parnka | Pelican Policeman | Round Albert SEFA
. . . Mouth
No CIIP scenario run | /Climate narrows point Pt Island | Connector
18.5km- | 2.5km-
200m - 200m - Const Out
Constantly pumping out 250 1.2m 1.5m 250ML/y
and Dredging 23 | Typical 2000GL/y | 40GL/y (L/W/RL) | (L/W/RL) Existing None None None
20GL/y
5| Dry 800GL/y | +SEFA Existing Existing Existing None None None 10GL/y
Further augmentation of 40GL/y
4.1 South East Flows 18 | Typical 2000GL/y | +SEFA Existing Existing Existing None None None 15GL/Yy
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4 Ecological Interpretation

4.1 Introduction

The ecological interpretation of Coorong Dynamics Model outputs for each CIIP option and scenario was
conducted by technical matter experts (Appendix A) that are performing research under the Trials and
Investigations project of the HCHB program. Ecological interpretation of model outputs is critical to CIIP
investigations as it provides a more holistic understanding of how the ecosystem is likely to respond than can
currently be quantified with the current functionality of the Coorong Dynamics Model. It also provides an
opportunity to check for alignment between conditions simulated by the model (i.e. habitat suitability indices
for Ruppia and fish) and those expected to occur based upon an expert’'s conceptual understanding of the
ecosystem.

4.2 Methodology

The ecological interpretation of model outputs followed a six step process.
Step 1 - Modelling

Only the Coorong Dynamics Model was used in the ecological interpretation of ecosystem responses to CIIP
Options as the biogeochemical parameters were considered to be critical to provide an understanding of a
change in the CSL from a hyper-eutrophic to a mesotrophic state (see section 1.1). The CIIP options and
scenarios (and climatic conditions) simulated by the Coorong Dynamics Model are shown in Table 3.3, and the
outputs from these model runs are presented in BMT (2021).

Step 2 — Summarise model outputs using the framework for ecological interpretation

The second step is the post-processing of the significant volume of outputs in to a summary table that is both
ecologically meaningful and digestible. To achieve this, a Framework for ecological interpretation was
developed (Appendix B), which presented the modelled results for biogeochemical, biological (habitat
suitability indices) and water tracer parameters and used ecologically relevant thresholds to summarise salinity
and water level outputs. A rationale for the ecologically relevant thresholds used to summarise salinity and
water level outputs has been provided in Appendix C as well as a description of the remaining parameters
presented in the ecological interpretation framework.

Step 3 - Identification and selection of key ecosystem components

Five ecosystem components were selected during a workshop with internal and external ecologists for the
purpose of ecological interpretation of model outputs:

Sediment quality
Nutrients (water column)
Aquatic macrophytes
Macroinvertebrates

Fish

Luhwn =

Each component selected was considered to be critical to the function and recovery of the Coorong ecosystem
and were either known or expected to be modelled with a degree of confidence. The notable omission of
waterbirds from the list of key ecosystem components was due to their high-level trophic position, meaning
that any prediction carried great uncertainty. It was also assumed that the condition of sediments, aquatic
macrophytes, macroinvertebrates and fish would subsequently influence the habitat quality for waterbirds in
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the Coorong, and therefore, it was considered that the ecological responses that affect habitat quality for
waterbirds were accounted for indirectly.

Step 4 - Identify important drivers that influence the condition of key ecosystem components

Important drivers that influence the condition of key ecosystem components were identified during a
workshop with internal and external ecologists and are presented in Table 4.1. These drivers and interactions
between them will be considered by technical matter experts when documenting the expected responses of
ecosystem components in Step 5 and Step 6.

Step 5 - Document expected response of each important ecosystem component in the short (<3 years) and long-
term (>10 years) for each simulation

Technical matter experts documented their expected ecological response for each important ecosystem
component (sediment quality, nutrients, aquatic macrophytes, macroinvertebrates and fish) in the short (<3
years) and long-term (>10 years). The interpretation was based upon directly modelled values (i.e. nutrients in
the water column or HSI values) and/or the key drivers (and interactions between them) that influence the
condition of the ecosystem component.

Step 6 - Qualitatively assess trend (improvement or deterioration) for each important ecosystem component and
each simulation

Technical matter experts documented the expected trend in the condition for each key ecosystem component
under each CIIP option and scenario simulation in the short (<3 years) and long-term (>10 years). The current
(2020-21) condition of each key ecosystem component was used as a reference point for the trend
assessment. Trend was assessed using the following five categories:

Major improvement
Minor improvement
Neutral

Minor deterioration
Major deterioration

vk wn =

4.3 Results and discussion

A summary of the expected ecological responses and trend (improvement or deterioration) in the short (<3
years) and long-term (>10 years) for key ecosystem components under each CIIP option and scenario
simulated is presented in Table 4.1. There was variance in the expected ecological responses between key
ecosystem components documented under each CIIP option and scenario. This variation is likely due to
genuine differences in how each key ecosystem component would respond and the current condition of each
key ecosystem component, as well as knowledge uncertainty (i.e. amount and quality of research), natural
uncertainty (i.e. uncertainty due to natural variation) and under or over confidence bias by technical matter
experts (Martin et al. 2012).
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Table 4.1 Ecological interpretation of ecosystam aamponent respanses to AIP saanarios and dimattic condlitions.

Sediment Quality

Nutrients (Water column)

Aquatic macrophytes

Macroinvertebrates

Fish

Key drivers: sediment nutrient levels,
macroalgae, water column nutrients,

Key drivers: water source
(marine, South East or River

Key drivers: Water level, salinity,

Key drivers: salinity, sediment quality,

Key drivers: flows (connectivity), salinity,
water quality, food web

partzcl? size distribution, ‘ Trend Mur-ray), conngcttv:ty, Ulva, Trend wgter clarity, Ulva, ﬁutrzents Trend | macroalgae (smothering by algal Trend Direct values: Fish HS|, Smallmouth Trend
Clip macroinvertebrates and aquatic sediment quality. Direct values: Ruppia HSI mats) Hardyhead HS|
Scenario Conditions | plants Direct values: TN, TP, Tchla, TRIX
Short-term trend: sediment nutrient Short-term trend: Sustained Short-term trend: CSL trend is Short-term trend: CSL remains c Short-term trend: Low species diversity c
fluxes likely to trigger continuing nutrient enrichment particularly likely to see restricted areas of devoid of macroinvertebrates. CNL g in the CSL, largely dominated by single g
algal blooms. Deterioration is in summer, increased algal Ruppia habitat with poor macroinvertebrates could benefit g species (Smallmouth Hardyhead) due to g
2 apparent in CNL also. blooms in CNL condition including low from lower salinities, but increased 5 high salinity. Reduced salinity in the 5
% o5y productivity related to the scale macroalgae counter the E CNL will likely increase nursery habitat E
2 Long-term trend: anoxic and sulfidic, Long-term trend: Some of nutrient loads. Water level improvements. Less flushing (longer 5 and benefit fish recruitment, but noting 5
5 and organic and nutrient rich improvement in CSL predicted improvements during the latter water age) at Beacon 1 could impact é potential water quality issue with Lake §
‘8 sediment conditions will remain due to additional flushing but flowering/fruiting period on estuarine macroinvertebrates. Albert releases.
= dominant throughout CSL and likely option is dependent on (Summer) might have a positive
& to worsen in CNL due to additional c environmental water availability. impact if the levels are - Long-term trend: CSL remains in c Long-term trend: Species diversity
+ nutrient loads from Lake Albert and e CNL water quality will decline maintained to enable 9 degraded state. CNL e remained low under dry climate and
§ additional algal biomass created by g and the hyper-eutrophic state flowering/seed set. Lower g macroinvertebrates affected by g part of the CSL may not provide suitable _
< . increased nutrient availability. = will become more widespread salinities will offset this water 5 contradictory drivers, no long-term = habitat for fish, however, under typical 2
g Iypical @ due to additional inputs of high availability due to algal blooms if @ improvement expected. @ hydrology, species diversity may 3
© il © bl ! z
= 5 nutrient water from Lake Albert. <90ppt during the late 5 5 increase with salt tolerant species
é Risks that longitudinal water spring/summer period. g é entering the CSL. Reduced salinity in the
quality gradient, including CNL will increase nursery habitat and
salinity, is disrupted. Long-term trend: Without a net benefit fish recruitment.
reduction in nutrients the Short-term trend: CSL remains Short-term trend: Low species diversity
conditions are unlikely to improve devoid of macroinvertebrates under in the CSL, largely dominated by single
kS to enable long term recruitment 'Dry' conditions, some temporary kS species (Smallmouth Hardyhead) due to
o © of Ruppia community. This is colonisation possible under 'Typical' IS high salinity under dry climate, although
& % likely to be the compounding conditions. CNL macroinvertebrates % under typical hydrology, species [
% Dry % impact of poor water and could benefit from lower salinities. % diversity in the CSL may increase at 3
gl 5 sediment quality, providing Greater risk of negative effects of 5 salinities e.g. 45-54 ppt. Reduced z
c £ ongoing potential for hyper- macroalgae on macroinvertebrates in £ salinity in the CNL will likely increase
B = eutrophic conditions. The CSL and CNL. Less flushing (longer = nursery habitat and benefit fish
f“j conditions during drought water age) at Beacon 1 could impact recruitment, if there are no other water
: periods are likely to lead to on estuarine macroinvertebrates. quality issues (e.g. from Lake Albert
o worsening outcomes due to lower water releases). Note improved
§ water inputs and higher nutrients Long-term trend: CSL remains in connectivity is generally a positive
= - post drought. = degraded state. CNL = driver for fish. =
o -% % macroinvertebrates affected by -% g
o 5 5 contradictory drivers, no long-term 5 Long-term trend: Species diversity g
g Typical E % improvement expected. g remained low under dry climate, g_
I S -S S however, under typical hydrology, £
© S S S species diversity may increase with salt é
S S S tolerant species entering the CSL. s
Reduced salinity in the CNL will increase
fish nursery habitat and benefit
recruitment.
Short-term trend: not likely to be Short-term trend: some Short-term trend: Some improved Short-term trend: CSL remains Short-term trend: Low species diversity
short term improvements due to = improvement likely in CSL as = opportunity for development of c devoid of macroinvertebrates. CNL in the CSL, largely dominated by single c
time lag of response cycles. QE, options maintain channel g the Ruppia community in extent '% macroinvertebrates remains species (Smallmouth Hardyhead) due to ‘%
% connectivity between CSL and % and condition with the advent of é unchanged. Macroinvertebrates in very high salinity, although improved _é
Dry Long-term trend: potential for long o CNL over summer. Potential o reduced nutrient loads but i CSL and CNL could be impacted by connectivity is generally a positive ()
term minor improvement in CSL £ short term water quality risks £ may/likely be impacted by § high macroalgal biomass. driver for fish. %
_;.Ja sediment quality due to slightly E (e.g. turbidity, low dissolved E macroalgal blooms. ‘g 'g
o reduced organic loadings to S oxygen) due to dredging aspect. S = Long-term trend: CSL remains in Long-term trend: Abundance of >
= sediment as a result of increased Long-term trend: Potential degraded state. CNL Smallmouth Hardyhead (SMH) likely to
connectivity and flushing over .. | Long-term trend: potential for . | improvement to Ruppia habitat .. | macroinvertebrates reduced from decline under continuing dry climate
summer. @ | minor long term improvement @ | suitability and productivity, mainly & | macroalgal mats although under typical hydrology, SMH .§
Tslea E § in CSL water quality, particularly E § driven by nutrient reductions. E § population can be maintained in the E g
S g_ in summer. S g_ Caveat that concurrent reduction S g_ CSL due to slightly reduced salinity. S 'E
£ £ | insalinities does not lead to £ 9
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Sediment Quality Nutrients (Water column) Aquatic macrophytes Macroinvertebrates Fish
Key drivers: sediment nutrient levels, Key drivers: water source Key drivers: flows (connectivity), salinity,
macroalgae, water column nutrients, (marine, South East or River Key drivers: Water level, salinity, Key drivers: salinity, sediment quality, : ’ ’
. e . . . . water quality, food web
particle size distribution, Trend | Murray), connectivity, Ulva, Trend | water clarity, Ulva, nutrients Trend | macroalgae (smothering by algal Trend . . Trend
. . . . . . Direct values: Fish HSI, Smallmouth
ClIP macroinvertebrates and aquatic sediment quality. Direct values: Ruppia HSI mats) Hardyhead HSI
Scenario Conditions | plants Direct values: TN, TP, Tchla, TRIX
macroalgal blooms having a
continued negative impact
through shading and physical
interference with flowering/seed
set.
Short-term trend: minor Short-term trend: rapid short Short-term trend: Some improved Short-term trend: CSL remains Short-term trend: Species diversity
improvements in CSL due to time lag term response due to improved opportunity for development of devoid of macroinvertebrates. CNL remains low in the CSL, largely
of response cycles, no improvement g flushing of CSL. However, CNL 5 the Ruppia community in extent macroinvertebrates deteriorate as dominated by single species
in CNL. qEJ water quality deteriorates so E and condition with the advent of salinities increase and reduced (Smallmouth Hardyhead) with high
3 given "minor deterioration" to g reduced nutrient loads but = flushing risks poorer water quality salinity (e.g. 79-100) under dry climate.
Dry Long-term trend: sediment quality s reflect this despite CSL % may/likely be impacted still by ‘g In the CNL, the increased salinity
likely to markedly improve in CSL, g improving. < macroalgal blooms. z Long-term trend: CSL remains in particularly during Jan-May (e.g. to 78
o however deterioration is possible in g .g degraded state, CNL will deteriorate ppt) will negatively impact on fish,
a CNL also, so therefore only a net S Long-term trend: potential for = Long-term trend: Potential leading to a substantial reduction in
'i "minor improvement" was allocated long term response to be improvement to Ruppia habitat species diversity, loss of suitable nursery
g_ due to CSL results. different than short term suitability and productivity, mainly area and reduced fish recruitment.
S captured in model due to driven by nutrient reductions.
2 feedback loops and question Caveat that concurrent reduction Long-term trend: Species diversity
::’ whether CSL will improve to in salinities does not lead to remains low in the CSL, dominated by
3 ‘q&)‘ point where CNL does not § macroalgal blooms having a § abundant Smallmouth Hardyhead with
5 £ deteriorate any further in this E continued negative impact E high salinity (e.g. 63-79 ppt under
= 3 scenario. 3 through shading and physical 3 typical hydrology). In the CNL, the
Typical ot & | interference with flowering/seed I increased salinity particularly during
% % set. % Jan-May (e.g. to 65 ppt under typical
2 2 2 hydrology) will likely reduce species
> = = diversity (more dominant by SMH),
reduce suitable nursery area and fish
recruitment for most estuarine and
marine-estuarine opportunistic species.
Short-term trend: no significant short Short-term trend: rapid short Short-term trend: Some improved Short-term trend: CSL remains Short-term trend: Low species diversity
term improvements due to time lag :,C'_: term response due to improved E opportunity for development of devoid of macroinvertebrates with in the CSL, largely dominated by single %
of response cycles and internal qE.» flushing and exporting of g the Ruppia community in extent high salinities and high macroalgal species (Smallmouth Hardyhead) due to g
loadings of nutrients. § nutrient and algal rich water § and condition with the advent of :_g biomass. CNL macroinvertebrates high salinity under dry climate, although §
Dry g— from CSL to ocean. g— reduced nutrient loads but 2 would increase from lower salinities, under typical hydrology, species g—
" Long-term trend: potential for long ‘% 'g may/likely be impacted still by z but high macroalgal biomass diversity may increase due to reduced ‘g
o term improvement in CSL sediment < Long-term trend: improvement = macroalgal blooms. counters any improvements. salinities. Note the water level reduction i
5 quality due to slightly reduced = in CSL and CNL water quality, = during summer in the CSL may slightly =
o 4 . . . . . ) .
o organic loadings to sediment as a potential for long term response Long-term trend: Potential Long-term trend: CSL remains in reduce fish habitat. In the CNL, much
g_ result of increased connectivity and to be stronger than short term improvement to Ruppia habitat degraded state and CNL reduced salinities will increase nursery
g flushing, although during the captured in model due to suitability and productivity, mainly macroinvertebrates decline from habitat area and benefit fish
i summer period there is lack of = feedback loops with restoration = driven by nutrient reductions. = macroalgal mats recruitment. =
‘% flushing. Drying of margins could g of healthier ecosystem function. g Caveat that concurrent reduction g g
B benefit sediment quality (i.e. reduce % % in salinities does not lead to % Long-term trend: Species diversity g
S Typical 'anoxia) but create other ecological = = macr'oalgal blooms having a = remained low under dry climate, =
issues. £ = continued negative impact £ however, under typical hydrology, £
”§‘ .§, through shading and physical é species diversity will increase with salt é
2 3 interference with flowering/seed = tolerance species entering the CSL. =
set. Reduced salinity in the CNL will increase
nursery habitat and benefit fish
recruitment.
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Sediment Quality Nutrients (Water column) Aquatic macrophytes Macroinvertebrates Fish
Key drivers: sediment nutrient levels, Key drivers: water source Key drivers: flows (connectivity), salinit
macroalgae, water column nutrients, (marine, South East or River Key drivers: Water level, salinity, Key drivers: salinity, sediment quality, Y . Y Vi
. . o . . . . water quality, food web
particle size distribution, Trend | Murray), connectivity, Ulva, Trend | water clarity, Ulva, nutrients Trend | macroalgae (smothering by algal Trend . . Trend
. . . . . . Direct values: Fish HSI, Smallmouth
Clip macroinvertebrates and aquatic sediment quality. Direct values: Ruppia HS/ mats) Hardvhead HS/
Scenario Conditions | plants Direct values: TN, TP, Tchla, TRIX 4
Short-term trend: minor Short-term trend: rapid short Short-term trend: Salinity Short-term trend: CSL recolonisation Short-term trend: Increasing species
improvements due to time lag of term response due to improved reductions should be beneficial to can commence driven by lower diversity in CSL with reduced salinity.
response cycles. flushing and drawing more Ruppia flowering and seed salinity but at reduced diversity. CNL However, lower water level during
barrage water into CSL. lifecycle phases. Reduction in macroinvertebrates could diversify summer is a negative driver, potentially
Long-term trend: with lower salinities However, reduced summer water column nutrients should and become more abundant with resulting in some reduction in fish
maintained over long term we would = volume is a risk for high - bring macroalgae load down lower salinity, but only if macroalgal 2 habitat and loss of connectivity. In the =
expect significant improvement to GEJ nutrients - would need to avoid g which would be benéeficial to biomass substantially reduced. GE) CNL, further reduced salinity will g
macroinvertebrate functions to (g lowering water levels too much. g Ruppia. However, risk that = Lower water level in summer under o increase nursery area and benefit fish (7
D reducing anoxia and promoting g_ g_ macroalgae species could shift = this particular scenario is a negative g_ recruitment. g_
. denitrification and reducing sulfide £ Long-term trend: potential for £ but still have shading effect and L driver. Increase in macroalgae could £ £
uildup. Major improvement lon 5 ong term response to be 5 interfere with flowering/seed se counter the improvements o 5 ong-term trend: Major increase in 5
buildup. Maj p t long 5 long t p to b 5 terf th fl g/seed set ter the imp ts of 5 Long-term trend: Maj 5
term. é stronger than short term g if occurring during late macroinvertebrates in both CSL and § species diversity, abundance and §
captured in model due to Spring/Summer. CNL. Better flushing could be distribution in the CSL with salinity
feedback loops. beneficial by improving water quality. maintained <60 ppt all year round and
Long-term trend: Improvement to <35 ppt during 55% of the year under
productivity, mainly driven by Long-term trend: More CSL 'typical hydrology'. With improved
nutrient reductions. Caveat that macroinvertebrate colonisation and habitat conditions, the CSL could
concurrent reduction in salinities further improving trends if reduction provide nursery ground to support the
does not lead to macroalgal in macroalgae biomass under recruitment of many estuarine and
blooms. lowered nutrient regime. CNL marine-estuarine opportunistic fish
& o = = macroinvertebrates can function as 2 species. It may contribute to partial =
g g g g source populations for recolonisation “E’ commercial fishery. g
o Y g g of CSL. CSL macroinvertebrates 9 9
=3 © o o imi isti 2 o
£ Typical o = = becpme similar to exwtmg CNL. = 5
= £ £ £ Positive feedback on sediment £ £
3 o o S nutrients possible. o o
> < © © = ©
= = b= b= P b=
©
O
Short-term trend: minor Short-term trend: rapid short Short-term trend: Some improved Short-term trend: CSL could see Short-term trend: Increasing species
improvements due to time lag of = term response due to improved 3 opportunity for development of temporary recolonisation by s diversity in CSL due to reduced salinity =
response cycles. GE’ flushing and drawing more g the Ruppia community in extent macroinvertebrates at the northern = (to e.g. 56-68 ppt). SMH continue to be g
% barrage water into CSL. % and condition with the advent of = end with some improvements to o abundant but other salt tolerant species %
§ Dry Long-term trend: lower salinities S However, reduced summer S reduced nutrient loads but § water quality, but increased % may enter CSL at times. In the CNL, S
T maintained over long term would E volume is a risk for high £ may/likely be impacted still by z macroalgae could counter their o reduced salinity will increase nursery £
® expect significant improvement to 2 nutrients - would need to avoid .% macroalgal blooms. occurrence. CNL macroinvertebrates 9 habitat area and improve fish 9
'% macroinvertebrate functions to s lowering water levels too much. > benefit from better water quality, s recruitment and abundance. =
® reducing anoxia and promoting Long-term trend: Potential which is countered by macroalgal
i denitrification and reducing sulfide Long-term trend: potential for improvement to Ruppia habitat biomass. Long-term trend: Increase in species
£ buildup. Major improvement long long term response to be suitability and productivity, mainly diversity in the CSL due to reduced
g term. = stronger than short term - driven by nutrient reductions. o Long-term trend: CSL remains in - salinity, 98% at <60 ppt under 'typical .
i E captured in model due to é Caveat that concurrent reduction é degraded state, as salinity reductions .2 hydrology'. In the CNL, reduced salinity é
= o feedback loops. o in salinities does not lead to o not low and persistent enough to g will increase nursery habitat area and o
© o o . o . .. ‘= . . . o)
E Typical s s macr.oalgal bIooms havmg a = sustalr? recolonising 2 improve fish recruitment and s
o] E € continued negative impact E macroinvertebrates. CNL 3 abundance. £
Y .’§‘ _§ through shading and physical é macroinvertebrates could diversify § §‘
g § interference with flowering/seed s and become more abundant with = g
set. lower salinity, but only if macroalgal
biomass substantially reduced.
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Sediment Quality

Nutrients (Water column)

Aquatic macrophytes

Macroinvertebrates

Fish

Key drivers: sediment nutrient levels,
macroalgae, water column nutrients,

Key drivers: water source
(marine, South East or River

Key drivers: Water level, salinity,

Key drivers: salinity, sediment quality,
Trend

result of increased connectivity and

situation). This strategy more

Long-term trend: Potential

Long-term trend: CSL remains in

particle size distribution, Trend | Murray), connectivity, Ulva, Trend | water clarity, Ulva, nutrients Trend | macroalgae (smothering by algal
ClIP macroinvertebrates and aquatic sediment quality. Direct values: Ruppia HSI mats)
Scenario Conditions | plants Direct values: TN, TP, Tchla, TRIX
Short-term trend: not likely to be Short-term trend: short term Short-term trend: Some improved Short-term trend: CSL remains
short term improvements due to £ response due to improved = opportunity for development of devoid of macroinvertebrates, as
time lag of response cycles. °E’ flushing of both CSL and CNL, g the Ruppia community in extent salinities to high and the increase in
Y however much more minor 9 and condition with the advent of = macroalgae would be detrimental.
£ Dry Long-term trend: potential for long g_ effects predicted relative to g_ reduced nutrient loads but = CNL macroinvertebrates would
S term minor improvement in S higher pump out scenarios. £ may/likely be impacted still by 2 benefit from lower salinities, but
% sediment quality due to slightly é é macroalgal blooms. macroalgal increase will counter any
¥e) reduced organic loadings to S Long-term trend: minor long s improvement.
= sediment. term improvement in water Long-term trend: Potential
; quality (TN, TP, chlorophyll) improvement to Ruppia habitat Long-term trend: CSL remains in
*,g predicted relative to higher suitability and productivity, mainly degraded state and CNL declining
i 5 pump out scenarios. = driven by nutrient reductions. = from macroalgal mats
£ £ £ | Caveat that concurrent reduction £
£ 3 g | in salinities does not lead to 3
o Typical CE’- g— macroalgal blooms having a g—
pu = continued negative impact =
_8 ,8 through shading and physical ,8
= = interference with flowering/seed =
set.
Short-term trend: sediment nutrient Short-term trend: rapid short Short-term trend: Some improved Short-term trend: CSL remains
fluxes likely to reduce in CSL. term response due to improved opportunity for development of devoid of macroinvertebrates, as
Deterioration is apparent in CNL also. g flushing of CSL. However, CNL g the Ruppia community in extent salinity remains high, and macroalgae
g water quality deteriorates. g and condition with reduced increase in CSL. CNL
Long-term trend: sediment quality 3 3 nutrient loads but may be = macroinvertebrates decrease with the
Dry likely to markedly improve in CSL, E_ Long-term trend: potential for E. impacted still be macroalgal ‘g higher salinities, and poorer water
however deterioration is possible in = long term response to be S blooms. z quality (nutrients, water level).
CNL also so only a net "minor 2 different than short term 2
€ improvement" allocated due to CSL = captured in model due to = Long-term trend: Potential Long-term trend: CSL remains in a
Ln results. feedback loops and question improvement to Ruppia habitat degraded state and
%5 whether CSL will improve to suitability and productivity, mainly macroinvertebrates in CNL
= point where CNL does not driven by nutrient reductions. deteriorating
2 deteriorate any further in this Caveat that concurrent reduction
A scenario. in salinities does not lead to
% ‘q&)‘ ‘qc'; macroalgal blooms having a ‘qc';
S = £ continued negative impact £
“5’ (9] (9] . . (9]
3 3 3 through shading and physical 3
5 Typical s S | interference with flowering/seed S
c IS € IS
= = s set. =
g o} 9] o
© = = =
2 b= b= b=
()]
£
Q.
€
S
o
« Short-term trend: no significant short Short-term trend: rapid short Short-term trend: Some improved Short-term trend: CSL remains
° term improvements due to time lag term response due to improved opportunity for development of devoid of macroinvertebrates, as
= of response cycles and internal 2 flushing and drawing more c the Ruppia community in extent c salinities are too high and the
*8 . loadings of nutrients. g barrage water into CSL but some % and condition with the advent of % macroalgae increase would be
GEJ § 9 deterioration in CNL water o reduced nutrient loads but o detrimental. CNL macroinvertebrates
S s Dry Long-term trend: potential for long g_ quality predicted as poorer g may/likely be impacted still by g would benefit from lower salinities,
S ..% term improvement in CSL sediment £ water quality enters from CSL 3 macroalgal blooms. Initial flushing 3 but macroalgal increase will counter
g — quality due to slightly reduced § under this scenario (so given é may lead to localised losses. é any improvement.
g organic loadings to sediment as a s “"minor deterioration” for CNL s s
A
©
[

effective in summer when high

improvement to Ruppia habitat

Key drivers: flows (connectivity), salinity,
water quality, food web

Direct values: Fish HSI, Smallmouth
Hardyhead HSI

Trend

Short-term trend: Low species diversity
in the CSL, largely dominated by single
species (Smallmouth Hardyhead) due to
high salinity under dry climate, although
under typical hydrology, species
diversity may increase due to reduced
salinities. Slightly lower salinities in the
CNL may increase nursery habitat and
benefit fish recruitment.

Long-term trend: Species diversity
remained low under dry climate,
however, under typical hydrology,
species diversity may increase with salt
tolerant species entering the CSL.
Reduced salinity in the CNL will increase
nursery habitat and benefit fish
recruitment.

Short-term trend: Species diversity
remains low in the CSL, largely
dominated by single species
(Smallmouth Hardyhead) with salinity at
e.g. 73-81 ppt under dry climate. In the
CNL, increased salinity particularly
during Jan-May (e.g. to 87.5 ppt) will
negatively impact on fish, leading to a
substantial reduction in species
diversity, loss of suitable nursery area
and reduced fish recruitment.

Long-term trend: Species diversity
remains low in the CSL, dominated by
abundant Smallmouth Hardyhead with
salinity at e.g. 61-69 ppt under typical
hydrology. In the CNL, the increased
salinity particularly during Jan-May e.g.
to 72.3 ppt will likely reduce species
diversity (more dominant by SMH),
reduce suitable nursery area and
recruitment for most estuarine and
marine-estuarine opportunistic species.

Short-term trend: With slightly reduced
salinity, SMH continue to be dominant
and abundant in the CSL under dry
climate, although other salt tolerant
species may enter CSL at times under
typical hydrology. In the CNL, reduced
salinity will increase nursery habitat and
benefit fish recruitment.

Long-term trend: Slight increase in
species diversity in the CSL due to

Neutral

Minor improvement

Minor improvement
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Sediment Quality

Nutrients (Water column)

Aquatic macrophytes

Macroinvertebrates

Fish

Key drivers: sediment nutrient levels,
macroalgae, water column nutrients,

Key drivers: water source
(marine, South East or River

Key drivers: Water level, salinity,

Key drivers: salinity, sediment quality,

Key drivers: flows (connectivity), salinity,
water quality, food web

partzclg size distribution, ' Trend Mur'ray), conngctmty, Ulva, Trend Wgter clarity, Ulva, f)utrzents Trend | macroalgae (smothering by algal Trend Direct values: Fish HS|, Smallmouth Trend
Clip macroinvertebrates and aquatic sediment quality. Direct values: Ruppia HS/ mats) Hardyhead HS!
Scenario Conditions | plants Direct values: TN, TP, Tchla, TRIX
flushing, although over the summer difference in water levels suitability and productivity, mainly degraded state and CNL declines reduced salinity, 81% at <60 ppt under
period there is lack of flushing. between ocean and CSL. driven by nutrient reductions. from macroalgal mats 'typical hydrology'. In the CNL, reduced
Caveat that concurrent reduction salinity will increase nursery habitat and
= Long-term trend: potential for = in salinities does not lead to = benefit fish recruitment. =
“E’ long term improvement in water g macroalgal blooms having a g g
% qyallty in CSL, modgl predicts % continued negatlve |mpact~ % %
Typical = slight deterioration in CNL for 5 | through shading and physical = =
£ some parameters. £ interference with flowering/seed £ £
g |
= b b b
Short-term trend: minor Short-term trend: rapid short Short-term trend: Some improved Short-term trend: CSL recolonisation Short-term trend: Increasing species
improvements due to time lag of term response due to improved opportunity for development of can commence driven by lower diversity in CSL with substantially
response cycles. ‘qc'_: flushing and drawing more E the Ruppia community in extent § salinity. CNL macroinvertebrates can g reduced salinity. In the CNL, further ‘g
QE) barrage water into CSL. g and condition with the advent of g diversify and become more abundant GE) reduced salinity will increase nursery g
= Long-term trend: lower salinities and § Maintains channel connectivity 5 reduced nutrient loads but § with lower salinity, but only if § area and increase fish recruitment and §
g Dry flushing maintained over long term g— over summer. Potential short g— may/likely be impacted still by g— macroalgal biomass substantially g— abundance. Note improved connectivity g—
5 would expect significant = term water quality risks (e.g. = macroalgal blooms. Initial flushing = reduced. Increase in macroalgae = is a positive driver for fish. =
a improvement to sediment quality, .g turbidity, low dissolved oxygen) -% may lead to localised losses. .g could counter the improvements of .8 %
E including restoring = due to dredging aspect. = Sediment disturbance will lead to = macroinvertebrates in both CSL and = Long-term trend: Major increase in =
2 macroinvertebrate functions to localised losses. CNL. Better flushing could be species diversity and distribution in the
oY reduce severity of sediment anoxia, Long-term trend: potential for beneficial by improving water quality. CSL with salinity maintained <60 ppt all
3 and promoting denitrification and major long term improvement in Long-term trend: Potential year round and <35 ppt during 51% of
2 reducing sulfide build-up. Major water quality, response may be improvement to Ruppia habitat Long-term trend: More CSL the year under 'typical hydrology'. With
'g- improvement long term. - stronger than model predictions » suitability and productivity, mainly - colonisation by macroinvertebrates " improved habitat conditions, the CSL o
=3 5 due to feedback loops with 5 driven by nutrient reductions. S and further improving trends if o could provide nursery ground to 5
> 5 improved ecosystem function. 5 Caveat that concurrent reduction é reduction in macroalgae biomass GE_, support the recruitment of many %
% ) 5 § in salinities does not lead to 5 under lowered nutrient regime. CNL § estuarine and marine-estuarine 5
Q Typical 3 g | macroalgal blooms having a £ | macroinvertebrates could function as £ | opportunistic fish species. It may g
S 'g 'g continued negative impact '8 source populations for recolonisaton 'g contribute to partial commercial fishery. ’g
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5 Ecological Risk Assessment

5.1 Introduction

The CIIP Steering Committee agreed that a risk-based approach be used to inform decisions regarding the
choice of CIIP options to progress for detailed engineering and construction feasibility. Accordingly, an
ecological risk assessment framework (ERAF) (Butcher and Cottingham 2021) was developed to establish the
principles and methods of such an approach. The ERAF adopts the relevant Australian Standard for risk (AS/NZS
ISO 31000:2020 Risk Management) and DEW'’s risk management framework for water planning and
management (DEWNR 2012).

A key feature of the ISO 31010:2020 standard is that it defines risk as the effect of uncertainty on objectives.
Accordingly, the ERAF framed risk and benefit as a function of likelihood and consequence as follows:

e Benefit - likelihood of minimal/nil deviation from objectives increased and the likelihood of significant
deviation from objectives decreased.

e Risk - likelihood of minimal/nil deviation from objectives is decreased and the likelihood of significant
deviation from objectives is increased.

For this assessment, “objectives” refer to the management objectives for the Coorong detailed in the Ramsar
Management Plan (DEW 2021b) or the desired state for the Southern Coorong in the State of the Coorong
report (DEW 2021c).

Benefit and risk were both assessed by comparing the risk profile of a no-build (basecase) scenario with that
under a proposed CIIP option (or combination of options) (Figure 5.1).

Objective = = == = o o o o = = = -

Benefi

‘No build’
(basecase)

Consequence of risk

Figure 5.1 Schematic diagram demonstrating how benefit and risk were assessed in the ecological risk
assessment.
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The scope and criteria used for the ERAF assessment were refined and confirmed by the risk assessment team
over two workshops. The scope (geographic and temporal limits) and criteria (hazards, CIIP options and
climate scenarios) used in the ERAF assessment are detailed in Table 5.1.

Table 5.1 The scope and criteria used for the ERAF assessment.

ERAF scope/criteria
Geographic area of risks assessed

Geographic area of risks identified and not
assessed

Timeframe for benefit/risk assessment

Hazards

CIIP options

Climate scenarios

Miscellaneous scenarios

5.3 Risk pathways

Description

Coorong South Lagoon, other geographically defined features
of the Ramsar site (e.g. Coorong North Lagoon)

Outside Ramsar site (e.g. Southern Ocean)

20 year period (2025-45)

Hydrology and water quality

Sediment quality

Nutrient cycling

Productivity

None (i.e. “no-build” control)

Pumped ocean connector

Passive ocean connector

Dredging (alone and in combination with other options)
Lake Albert Connector

South East Flows Augmentation

Normal

Dry

Extra dry

Sea level rise under climate change (0.24m by 2050)

The ERAF establishes the following framework for defining risk pathways:

source of risk (threat/stressor combinations) — event — consequence

Where:

e Threat: the human activities or processes that have impacted, are impacting, or may impact the status
of the attribute being assessed (e.g., unsustainable fishing or logging, agriculture, housing

developments, etc.)

e Stressor: the altered agents/processes that cause an ecological effect that impacts on the critical
components, processes and services which exemplify the site's ecological character. (e.g. increased

toxicants or salinity)

e Event: a change in circumstances, arising from a stressor, when a stressor causes a particular level of
harm (e.g. when salinity exceeds a particular threshold)
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e Consequence: an effect or outcome from an event that in turn affects the achievement of the
objectives set for the Coorong South Lagoon. A consequence can itself become a stressor which may
lead to a further impact pathway. The level of consequence is assessed using end-points, which are
dependent variables that are representative of ecological benefits and consequences.

5.3.1 Risk sources

A total of eight threat/stressor combinations were identified as risks to the Coorong ecosystem (Table 5.2 ). It
was determined that sources of risk relating to the quality of inflows, including toxicants, nutrients and salinity
are adequately controlled through existing State and Federal instruments including the Basin Plan,
Environmental Protection Act 1993 (SA), Landscapes Act 2019 (SA), River Murray Act 2003 (SA). Therefore, for
the purpose of the ERAF, only the three following threat/stressor combinations are to be considered:

e Climate change: change in precipitation and hydrological regimes causing decreased rainfall and
freshwater inflows

e Climate change: change in temperature regimes causing increased temperature

e Natural system modifications: Dams and water management causing reduced freshwater inflows to
lagoons

Risks to the quantity (volume) of freshwater inflows (i.e. GL per year) caused by natural system modifications
are controlled by both state and Australian government legislation and policy including the Murray-Darling
Basin Agreement, Basin Plan 2012 and the Landscapes Act 2079 (SA). It was determined that there is
uncertainty regarding the effectiveness of these controls in this context, particularly climate change as a
potential escalating factor over time. These sources of risk are represented by the range of inflow scenarios
simulated by the TUFLOW-FV and Coorong Dynamics Model.

Table 5.2 Threat and stressor combinations identified as risks to the Coorong ecosystem. Those marked
by an asterisk (*) are to be the focus of the ERAF.

Threat Stressor

Climate change: Change in precipitation Decreased rainfall and freshwater inflows*
and hydrological regimes*

Climate change: Change in temperature Increased temperature*

regimes*

Natural system modifications: Dams and Reduced freshwater inflows to lagoons*
water management*

Natural system modifications: Dams and Release of toxicants

water management

Natural system modifications: Dams and Increased salinity

water management

Natural systems modifications: Fire & fire Increased nutrients

suppression

Pollution: Agricultural effluents Increased nutrients

Pollution: Agricultural effluents Increased salinity

5.3.2 Events

Events, including changes in salinity and water levels, which could cause ecological consequences are
simulated by the TUFLOW-FV model and Coorong Dynamics Model.

DEW Technical report 2020/21 39



For Official Use Only

5.3.3 Consequence

The ERAF defined criteria for five levels of consequence:

1. Insignificant

2. Minor

3. Moderate

4. Significant

5. Very significant

Consequences are defined relative to the ecological objectives defined for the Coorong, with “insignificant
consequence” representing the desired ecological state. Minor, and more severe ecological consequences
describe increasing departure from this desired state, with “very significant” describing the worst conceivable
ecological outcome over the 20 year timeframe relevant for this assessment.

Consequences were assessed through a set of agreed end-points, which can be thought of as the dependent
variable of the analysis. These end-points aim to be representative of the ecological benefits and
consequences potentially arising from the CIIP options. The following criteria were used to select end-points:

e direct, indirect or assumed surrogate measures of the critical conponents, processes and services (CPS)
that form the Ecological Character of the South Lagoon component of the Ramsar site

e related to the identified ERAF "hazards", i.e.:

hydrology and water quality
sediment quality
nutrient cycling
o productivity
e measurable

O O O

e outputs of existing models where possible

not correlated with other ecological parameters
Using these criteria, five end-points were selected:

Salinity in the Coorong South Lagoon
Salinity in the Coorong North Lagoon
Water level in the Coorong South Lagoon
Nutrients in the Coorong South Lagoon
Nutrients in the Coorong North Lagoon

s wn =

Risk assessment end-points 1 to 3 (i.e. salinity and water level) were selected on the basis that they addressed
the agreed criteria (above). End-points 4 and 5 (i.e. nutrients) do not address the first criteria (i.e. measure of a
critical CPS informing the Ecological Character), yet they were selected as they address the remaining criteria
and are key to enable assessment of the recovery of the CSL from a hyper-eutrophic to mesotrophic state and
also align with three of the four ERAF hazards (Table 5.1).

Note that the five risk assessment end-points do not consider biota (e.g. waterbirds, fish, Ruppia and
macroinvertebrates) included as critical CPS in the Ramsar Management Plan and Ecological Character
Description.

The risk assessment team omitted biota that are critical CPS as end-points given the following principles:

e There are established causal links between the selected 5 end-points and the remaining ecological
parameters
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e Causal links between end-points and other ecological parameters are considered by the criteria for
consequence severity levels (Table 5.3)

e The selected 5 end-points are direct outputs of existing hydrological and biogeochemical models
e The selected 5 end-points provide sufficient coverage of the four hazards identified by the ERAF, and

e Analysing the effects of CIIP options on the full suite of 23 end-points was impracticable in the context
of this assessment.

The risk assessment team established criteria for five consequence levels that ranged from insignificant to very
significant for each end-point (Table 5.3).
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Table 5.3 Rationale for environmental outcomes reflective of each consequence level (insignificant, minor, moderate, significant, very significant) for each

End-point of the ERAF.

End-point Consequence
level

Coorong

South Lagoon

water levels
Insignificant
Minor
Moderate
Significant
Very
significant

Outcome

Water levels in the Coorong South
Lagoon to be maintained >+0.3 m
AHD in June and July, between
+0.4 m AHD and +0.2 m AHD
from August to December

Water levels maintained above
+0.3 m AHD in June and July, and
below +0.2 m AHD from August
to December for less than 7
consecutive days.

Water levels maintained above
+0.3 m AHD in June and July, and
below +0.2 m AHD from August
to December for >7 consecutive
days.

Water levels drop below target
range from June to December but
not below 0 m AHD over this
period.

Water levels drop below 0 m AHD
for > 8 consecutive months

Rationale

e Water levels in the South Lagoon of +0.35 m AHD over June and July should provide
optimal growth conditions for R. tuberosa (DEW 2021c).

e Water levels above +0.3 m AHD would help facilitate connectivity and exchange of
water between the North and South Lagoon, which could benefit ecosystem function
through improved water and sediment quality (e.g. Mosley et al. 2020).

e Optimal water levels for R. tuberosa (and presumably A. cylindrocarpa) reproductive
output are approximately +0.25 m AHD as the vast majority (88%) of R. tuberosa and
A. cylindrocarpa plants were distributed between -0.15-+0.15 m AHD in spring 2020
(Oerman 2021) and densities of R. tuberosa flowers, seeds and turions are greatest in
0.1-0.4m of water (Kim et al. 2015).

e Potential for R. tuberosa desiccation within core elevation distribution (0.15-+0.15 m
AHD, Oerman 2021) before plants have set seed or produced turions (Paton et al.
2019).

¢ High potential for R. tuberosa desiccation within core elevation distribution (0.15-
+0.15 m AHD, Oerman 2021) before plants have set seed or produced turions (Paton
et al. 2019).

¢ No connectivity between North and South Lagoons of the Coorong.

e Significant desiccation of R. tuberosa plants before plants have set seed or produced.
Reproductive output (turions and seed) for annual R. tuberosa plant is expected to be
negligible, however, perennial plants are expected to persist.

¢ No connectivity between North and South Lagoons of the Coorong.
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End-point Consequence
level

Coorong

South Lagoon

salinity
Insignificant
Minor
Moderate
Significant

Outcome

Average daily salinity in the South
Lagoon < 60 ppt year-round

Maximum average daily salinities
in the South Lagoon are 60-100

ppt

Average daily salinity in the South
Lagoon are > 60 ppt in winter and
annual maximum salinity is >100

ppt

Average monthly salinity exceeds
100 ppt for 6 to 18 consecutive
months

For Official Use Only

Rationale

e Expected to result in the failed completion of multiple life stages of R. tuberosa, loss
of annual plants and dependence upon a seed bank for future resilience (DEW
2021¢).

e A variety of macroinvertebrate prey types are available for fish and shorebirds at
salinities below 60 ppt (Ye et al. 2021).

¢ The fish community is diverse, abundant and inclusive of both small- and large-
bodied species at salinities below 60 ppt (Ye et al. 2019a).

e Optimal conditions for R. tuberosa germination (10-60 ppt), vegetative growth (30—
120 ppt), flowering and seed set (40-63 ppt) (Collier et al. 2017; Asanopoulos and
Waycott 2020).

Salinities <100 ppt in the Coorong South Lagoon support:

e Suitable conditions for R. tuberosa flowering (leading to seed-set) between
September and December (optimal: 40-63 ppt, suboptimal: 17-102 ppt; Collier et al.
2017; Asanopoulos and Waycott 2020).

e Optimal salinity conditions (full range: 30-122 ppt) for R. tuberosa adult plant
(vegetative) growth (Collier et al. 2017; Asanopoulos and Waycott 2020).

e Suitable conditions for small-mouthed hardyhead recruitment and distribution (Ye et
al. 2020), including avoiding lethal effects (i.e. the LCsq value is 108 ppt; Lui 1969).

e Suitable conditions for larvae of salt-tolerant chironomids (Tanytarsus barbitarsis)
(Dittmann 2015), including avoiding lethal effects (i.e. LCso value is 97 ppt; Kokkinn
1986).

e Salinities >60 ppt in winter are sub-optimal (60-85 ppt) or unsuitable (>85 ppt) for R.

tuberosa germination from seed (Collier et al. 2017).

e Salinities >100 ppt exceed or approach the salinity tolerance of small-mouthed
hardyhead (108 ppt; Lui 1969), salt-tolerant chironomids (97 ppt; Kokkinn 1986) and
flowering and seed set for R. tuberosa (Collier et al. 2017).

e Conditions would have been unsuitable for at least one life stage of R. tuberosa
(Collier et al. 2017).
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End-point Consequence
level
Very
significant

Coorong

North Lagoon

salinity
Insignificant
Minor
Moderate

Outcome

Average monthly salinity exceeds
100 ppt for > 18 consecutive
months

Average monthly salinity < 45 ppt

Average monthly salinity > 45 ppt
for < 2 months

Average monthly salinity > 45 ppt
for 2-6 months

For Official Use Only

Rationale

e The abundance of chironomid larvae and small-mouthed hardyhead would be
expected to become severely reduced and their distributions contracted towards
Parnka Pt.

e Salinities of >100 ppt for =18 consecutive months were recorded at the height of the
Millennium Drought (2007-10) and were associated with the extirpation of key food
resources (R. tuberosa, small-mouthed hardyhead and chironomid larvae) in the
South Lagoon (Paton and Bailey 2012: Ye et al. 2020).

Salinities <45 ppt in the Coorong North Lagoon support:

e« Common macroinvertebrate species with hypermarine salinity tolerances (as shown in
brackets) including: polychaete worms Nephtys australiensis (50 ppt), Boccardiella
limnicola (40 ppt) and Australonereis ehlersi (50 ppt) and gastropod snails Salinator
fragilis (45 ppt) and Hydrobiidae (45 ppt) (Dittmann et al. 2018).

 Preferred habitats for adult greenback flounder: salinities <45 ppt were used by
tracked greenback flounder over 91% of the time in the Murray estuary and Coorong
(Earl et al. 2017).

¢ Optimal conditions for fertilisation (35-45 ppt) and survival (15-45 ppt) of greenback
flounder eggs (as shown in aquaria studies: Hart and Purser 1995).

e Suitable conditions for juvenile black bream (0-48 ppt) to survive and grow (as shown
in aquaria studies: Partridge and Jenkins 2002).

¢ Conditions that support Ruppia flowering and seed bank formation mainly in the
southern section of the North Lagoon (optimal: 40-63ppt, suboptimal: 17-102ppt;
Collier et al. 2017; Asanopoulos and Waycott 2020).

e Possible contraction of the distribution- and reduction in the abundance, biomass
and diversity of common macroinvertebrate species.

e Possible contraction of habitat suitable for greenback flounder spawning and
recruitment and a reduction in preferred habitat of adult fish.

e Possible contraction in habitat for juvenile black bream.

o Likely contraction of the distribution- and reduction in the abundance, biomass and
diversity of common macroinvertebrate species.
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End-point Consequence
level
Significant
Very
significant

Coorong

South

Lagoon Insignificant

nutrients
Minor
Moderate

Outcome

Average monthly salinity > 70 ppt
for 6-18 consecutive months

Average monthly salinity > 70 ppt
for 218 consecutive months

<1 mg/L Total Nitrogen (TN) and
<0.1 mg/L Total Phosphorus (TP)
and Chlorophyll a (Chl. @) <5 pg/L
as per Australian Water Quality
Guidelines (2018)

Average monthly TN >1 mg/L
and/or TP > 0.1 mg/L and/or Chl.
a >5 pg/L for <2 months

Average monthly TN >2 mg/L
and/or TP > 0.2 mg/L and/or Chl.

For Official Use Only

Rationale

¢ Conditions likely unsuitable for the spawning and recruitment of estuarine fish (e.g.
greenback flounder and black bream).

e The below ecological responses to salinities >70 ppt would occur for 6 to 18
consecutive months:

e Salinity tolerance of all polychaete species (with the exception of Capitella capitata
that can occur in low densities in salinities up to 90 ppt) in the Coorong are
exceeded.

e Loss of an estuarine and marine macroinvertebrate community (Dittmann et al. 2018).

¢ Above or approach the maximum observed field salinities for key estuarine fish,
including black bream (60.1 ppt), tamar goby (60.1 ppt), greenback flounder (74.1
ppt) and yelloweye mullet (74.1 ppt) (Ye et al. 2013).

¢ The below ecological responses to salinities >70 ppt would occur for at least 18
consecutive months:

e Salinity tolerance of all polychaete species (with the exception of Capitella capitata
that can occur in low densities in salinities up to 90 ppt) in the Coorong are exceeded
(Dittmann et al. 2018).

e Loss of an estuarine and marine macroinvertebrate community (Dittmann et al. 2018)

e Above or approach the maximum observed field salinities for key estuarine fish,
including black bream (60.1 ppt), tamar goby (60.1 ppt), greenback flounder (74.1
ppt) and yelloweye mullet (74.1 ppt) (Ye et al. 2013).

See Appendix D: Interim water quality trigger values for the Coorong
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End-point Consequence Outcome Rationale
level
a >10 ug/L for 2-6 consecutive
months

Average monthly TN > 3 mg/L
and/or TN > 0.3 mg/L and/or Chl.
a >15 ug/L for 6-18 consecutive
months
Average monthly TN > 3 mg/L
Very and/or TN > 0.3 mg/L and/or Chl.
significant a >15 pg/L for 218 consecutive
months
Coorong <1 mg/L Total Nitrogen (TN) and
North <0.1 mg/L Total Phosphorus (TP)
Lagoon Insignificant and Chlorophyll a (Chl. @) <5 pg/L
nutrients as per Australian Water Quality
Guidelines (2018)
Average monthly TN >1 mg/L
Minor and/or TP > 0.1 mg/L and/or Chl.
a >5 pg/L for <2 months
Average monthly TN >1 mg/L
and/or TP > 0.1 mg/L and/or Chl.

Significant

See Appendix D: Interim water quality trigger values for the Coorong

Moderate a >5 pg/L for 2-6 consecutive
months
Average monthly TN > 2 mg/L
Significant and TN > 0.2 mg/L and/or Chl. a
>10 pg/L for 6-18 consecutive
months
Very Average monthly TN > 2 mg/L
significant and TN > 0.2 mg/L and/or Chl. a
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End-point Consequence
level

Outcome

>10 pg/L for 218 consecutive
months
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Rationale
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5.4 Risk analysis
5.4.1 Model simulations

A total of 23 simulations of CIIP scenarios were run for the risk analysis (Table 5.4 ). The risk analysis
considered outputs from both the TUFLOW-FV model and the Coorong Dynamics Model under different
inflow conditions from the barrages and Salt Creek and simulation periods (Table 5 5). The range of different
inflow conditions aimed to represent natural variability and the sources of risk identified in section 5.3.1.
Parameterisation of the TUFLOW-FV model and Coorong Dynamics Model for runs used in the ERAF are
detailed in Table 3.4 Assumptions for the simulations of CIIP scenarios run by the TUFLOW-FV modeland Table
3.5.

Table 5.4 CIIP scenarios modelled by the Coorong Dynamics Model and the TUFLOW-FV model for each
climate/flow condition.

CIIP option ID CIIP scenario Coorong Coorong
Dynamics  Dynamics TUFLOW-  TUFLOW-
Model - Model - FV - FV - Extra
Typical Dry Observed Dry
Do nothing Basecase
Dry

Climatechange

Climatechange_bedlift

Lake Albert 4 4 Lake Albert Connector realistic v v

Connector Lake Albert Connector and
1.2 Dredge v v
Dredge 2.1 Dredge v v v
2.2 Dredge Pelican v
2.3 Dredge Parnka v
Ocean 3.1 Constantly pumping in 125 v
Connector
3.2 Constantly pumping in 250 v v
33 Constantly pumping in 500 v
34 Constantly pumping out 125 v v v
35 Constantly pumping out 250 v v v
Constantly pumping out 250 at
3.6 Round Island v
Constantly pumping water in
3.7 and out v v
38 Pumping water out above 0.2m v v
39 Pumping water out above 0.3m v

Pumping water in or out (AHD
3.10 > 0.3m <0.15m) v v
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CIIP option ID CIIP scenario Coorong Coorong
Dynamics  Dynamics TUFLOW-  TUFLOW-
Model - Model - FV - FV - Extra
Typical Dry Observed Dry
Pumping water in or out (AHD
3.1 > 0.2m <0.1Tm) v
Pumping water in or out (AHD
312 >0.3m <0.2m) v
Passive ocean connector (10 x
313 1.5m pipes) v v v
Constantly pumping in 250 and
3.19  Dredging v
Constantly pumping in 500 and
3.20 Dredging v v
Constantly pumping out 250
3.22  and Dredging v v v
Constantly pumping out 500
3.23  and Dredging v
SEFA Further augmentation of South
4.1 East Flows v v v

Table 5 5 The simulation periods and inflow conditions for climate category run through the Coorong
Dynamics Model and the TUFLOW-FV model.

Model Climatic Simulation Inflow conditions
category period
Coorong Dynamics  Typical 01/07/2017 to Barrage flows of 2000 GL/yr and Salt Creek
Model 01/07/2020 flows of 40 GL/yr
Coorong Dynamics  Dry 01/07/2017 to Barrage flows of 800 GL/yr and Salt Creek flows
Model 01/07/2020 of 20 GL/yr
TUFLOW-FV model  Observed 07/05/2013 to Observed barrage and Salt Creek inflows.
28/01/2016 Barrage flows were low, with an annual average
of 1524 GL/yr.
TUFLOW-FV model  Extra Dry 07/05/2013 to No barrage or Salt Creek inflows
28/01/2016

5.5 Assigning likelihood and consequence

Runs of the TUFLOW-FV model and Coorong Dynamics Model simulate the impact of ClIP options on the end-
point variables under inflow scenarios that are representative of the identified sources of risk (see section
5.3.1). The risk assessment team established a risk analysis method whereby these model outputs were
interpreted according to the consequence criteria (Table 5.3). This interpretation involved visual classification
of model outputs into one of five consequence severity levels.

Model predictions were represented as a time-series over the simulation period for the relevant assessment

end-point. The risk assessment team compared the model simulations (e.g. Figure 5.2 and Figure 5.3) with key
threshold and time periods values identified by the consequence criteria (Table 5.3). Participants assessed the
likelihood of each consequence level occurring under the CIIP option and scenario over the simulation period
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of model runs. When assessing likelihood, participants considered the level of certainty in model predictions
and the impact of temporal factors, such as starting conditions and trends over time.

Worked examples of the assessment of risk across consequence levels under a no-build scenario (SC01) for
the Nutrients in the South Lagoon end-point and the Salinity in the South Lagoon end-point are shown in
Figure 5.2 and Figure 5.3, respectively.

The likelihood of “very significant” consequence for “Nutrients in the South Lagoon” under a no-build scenario
(SCO1) is 1 while the likelihood of the remaining outcomes is 0 (Figure 5.2). In this case, the time series
simulation of Total Nitrogen (mg/L) for SCO1 exceeds the 3 mg/L thresholds for over 18 consecutive months
and the trend is worsening with time. In contrast, three consequence levels were allocated varying proportions
of likelihood for the Salinity in the South Lagoon end-point under a no-build scenario (SC0O1) (Figure 5.3).
Salinity continually increases (accounting for seasonal variation) over the first two years of the simulation
before stabilising in the final year of the simulation. Although the 100 ppt threshold is exceeded during the
simulation, it is unclear as to how long this threshold was exceeded over the simulation and whether it would
continue in to the future. Therefore, likelihood was spread over three consequence levels (Moderate,
Significant and Very significant), with the total likelihood summing to 1.

— SCO01 —— SCO03 — 8CO05 SCo7
—— SC02 SCo04 SC06
Coorong South Lagoon

10.0

A worked example of
the allocation of
likelihood to
consequence levels
(defined in Table 5.3)
for the Nutrients in the
South Lagoon end-
point under a no-build
scenario (SC01).

8.0

6.0

4.0

2.0

Total Nitrogen [mg/L]

0.0

AD 3\)\

o A W "I,Q(LQ W

N

2020 | The red arrow
identifies the 3 mg/L
thresholds for Total
Nitrogen and the red
open bracket shows
this threshold was
Consequence level Likelihood observed exceeded for over 18
Insignificant 0 consecutive months,
Minor meeting the conditions
Moderate for the very significant
Significant consequence level.
Very significant

= OO0 | o

Figure 5.2 A worked example of the allocation of likelihood to consequence levels (defined in Table
5.3).
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— SC01 —— SC03 —— SCO05 sco7 A worked example of
I ' (',‘Sc?oor‘ci)ng South f;:gfon ::T(e lB}L'OCZtiOn of
ikelihood to
consequence levels
(defined in Table 5.3)
for the Salinity in the
South Lagoon end-
point under a no-
build scenario (SC01).
The red arrows
identifies the 100 ppt
thresholds. As
participants were
uncertain as to the
longevity of the
exceedance of the
100 ppt threshold,
likelihood were
allocated to three
consequence levels
Insignificant 0.0 (Moderate, Significant

Minor 0.0 and Very Significant).
Moderate 0.45

160.0

120.0

80.0

Salinity [g/L]

40.0

0.0

o°

Consequence level Likelihood observed

Significant 0.45
Very significant 0.10

Figure 5.3 A worked example of the allocation of likelihood to consequence levels (defined in Table
5.3).

5.6 Summary of risk assessments

Risk analysis was performed by four members of the DEW risk assessment team. Each of the four participants
classified all model scenarios for all end-points. Participants’ likelihood scores were aggregated by averaging
for each combination of inflow scenario, end-point and consequence level.

The final output of the analysis is a table (e.g. sample thereof in Figure 5.4) where each risk pathway is indexed
according to the CIIP option, inflow scenario, end-point variable and geographic location. The “scores” for
each pathway were recorded in the orange columns, with each cell representing the likelihood of the
consequence level for that column.
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each end-point for a given simulation of a CIIP option/scenario and inflow condition.

5.7 Risk evaluation

Risk evaluation is the process to compare the results of the risk analysis with risk criteria to determine the

acceptability or tolerability of the level of risk (DEWNR 2012). Risk criteria are usually expressed as a matrix

showing that risk is a function of likelihood and consequence Figure 5.5). Consistent with DEWNR (2012), risks
were evaluated into one of three levels as shown in Table 5.6 .

Table 5.6 Levels of risk used in the ERAF to evaluate benefit and risk of CIIP options and scenarios.

Level

Medium

Description
The risk is acceptable and no further action is required apart from monitoring where
necessary.

The risk may be tolerable under certain conditions — for example, the risk is as low as

reasonably practicable (ALARP). Otherwise the risk must be treated to reduce the level of

risk.

The risk is intolerable and must be treated to reduce the level of risk.
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The risk evaluation criteria were configured to align with the desired ecological condition of the Coorong.
Therefore, insignificant consequence and rare likelihood are always assigned low risk as indicated by the left-
most column and bottom row of the matrix (Figure 5.5).

This risk assessment undertook probabilistic risk analysis, meaning that the output of the analysis step is a

probability distribution of consequences. Evaluation of this type of output followed the approach of DEW
(2020c):

1. Determine likelihood for each consequence, which is the sum of likelihoods having equal or more
severe consequence than the current consequence level. For example, the likelihood of a moderate

consequence is equal to the sum of the likelihoods for moderate, significant and very significant
consequences.

2. Align the quantitative likelihood value (as calculated following the method in Step 1) for each
consequence level with a likelihood category as per Table 5.7 .

3. Plot the risk matrix for each consequence level using the categorical likelihoods assigned in Step 2.
4. Record the overall risk rating as the highest risk plotted on the risk matrix.

Table 5.7 A description and categorisation of likelihood that was used in the evaluation of ERAF results.

Category Description Likelihood

Rarely Only occurs in exceptional <10% chance
circumstances

Unlikely Unusual but not exceptional 10-25% chance

Possible Less than even chance but not unusual  26-50% chance

Likely Greater than even chance but not 51-90% chance
certain

Almost certain Expected in all circumstances 91-100% chance

An example likelihood distribution over consequence levels that corresponds with a medium risk is shown in
Figure 5.5 where the likelihood distribution over consequence levels (A) are translated to the risk matrix (B)
following the categorisation of risk likelihood as shown in Table 5.7 . Risk categories are Low (green), Medium
(orange) and High (red), and are defined in Table 5.6 .

Figure 5.5 An example of risk

A B) Insig. | Minor | Mod. | Sig. V Sig.

0.6 Almost certain
B Likely
204
§ Possible

0.2

. Unlikely
0.0 — . . - Rarely
insig minor  mod. sig. v sig.
consequence

evaluation for a Medium risk.
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5.8 Results

Risk profiles for each CIIP option/scenario, inflow condition and end-point are presented in Appendix E. The

risk profile presents the outcomes from the risk and benefit assessment, and includes:
e inherent risk level (i.e. risk assuming “no-build")

e residual risk level (i.e. risk assuming the CIIP option)

e benefit (i.e. change in risk level caused by the CIIP option), and

e direction (i.e. whether the impact of the CIIP option is positive or negative irrespective of a change in

the level of residual risk).

Direction is based on a comparison of the likelihood distribution over consequence levels for the inherent risk
(risk assuming no-build) and the residual risk (risk under the CIIP option/scenario). A positive (green) direction
value was allocated where the residual risk was lower than inherent risk, and vice versa for a negative (red)
direction value. Direction was calculated for all CIIP option/scenario combinations as a general indicator of
whether the option was beneficial or detrimental regardless of any changes in the reported level of risk.

Criteria for prioritising CIIP options on the basis of risk and benefit adopted principles agreed at a workshop
with DEW representatives from the HCHB program. In essence, the criteria consider the following:

1. Overall benefit, as determined by the proportion of risk pathways for which the level of residual

risk is less than the inherent risk.

2. Occurrence of increased risk or negative direction for some risk pathways indicating important

trade-offs.

For the purpose of comparing CIIP options, a simple prioritisation was done considering the criteria described

in Table 5.8.

The rank of each CIIP option/scenario from Very Low to Very High based on the criteria in Table 5.8, which

considers the level of benefit and trade-offs, is summarized in Table 5.9.

ClIP options/scenarios were recommended (pending further investigation) if they provided a level of benefit
irrespective of the trade-offs. Commentary has been provided (under Comments) for CIIP options/scenarios
where it is considered that trade-offs could be minimised. Other important considerations are also included

under Comments.

Table 5.8 Criteria used to rank the effectiveness of CIIP options and scenarios based on the ERAF risk

profile.
Option/scenario combinations where: Rank -
effectiveness
No benefit. Residual risk is the same as inherent risk for all risk Very low
pathways.
Low benefit. <40% of risk pathways have reduced level of residual risk Very low

and

Negative direction for some risk pathways which cannot be mitigated.

Low benefit. <40% of risk pathways have reduced level of residual risk Very low
and

Increased risk for one or more risk pathways which cannot be mitigated

Low benefit. <40% of risk pathways have reduced level of residual risk Very low
and

Recommendation

Not recommended

Not recommended

Not recommended

Not recommended
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Option/scenario combinations where: Rank - Recommendation
effectiveness

Negative direction for one or more risk pathways in the CNL which
cannot be mitigated

Low benefit. <40% of risk pathways have reduced level of residual risk Low Recommended
and pending mitigation

Any increased risk or negative direction can be mitigated strategies

High benefit. >40% of risk pathways have reduced level of residual risk ~ Moderate Recommended
and pending mitigation

Any increased risk or negative direction can be mitigated strategies
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Table 5.9 The rank of each CIIP option/scenario based in ERAF profile and rank as per Table 5.8.

ID clp
option/scenario

1.1 Lake Albert
Connector
realistic

1.2 Lake Albert
Connector and
Dredge

2.1 Dredge

Level of benefit

Minor benefit.

Significantly reduced risk
(high to low) for CNL salinity
under typical inflow scenario.
Reduced risk (1 risk category)
for CNL salinity under dry
and observed scenarios.
Reduced risk for CSL salinity
under typical and observed
inflow scenario.

Major benefit.

Significantly reduced risk for
CSL and CNL salinity under
typical inflows.

Reduced risk for CSL and
CNL salinity under observed
and dry scenarios.

Minor benefit.

Reduced risk for CSL salinity
under dry, observed and
typical inflow scenarios.

Reduced risk to CNL salinity
under typical inflow scenario.

Trade-offs

Negative trajectory for
CSL water levels under
dry and observed inflow
scenarios.

Increased risk (medium
to high) for CSL water
levels under a typical
inflow scenario.

Negative trajectory for
CSL water levels under
observed and dry inflow
scenarios.

Negative trajectories for
CSL water levels under
dry, observed and
typical inflow scenarios.

Negative trajectory for
CNL salinity under dry
inflows.

Rank Recommendation

effectiveness

(see Table 5.8)

Low Recommended

Moderate Recommended
pending dredging
impact mitigation
strategy.

Very Low Not recommended

Comments

Scenario effectiveness relies
on water availability as
modelled which may not be
realistic under extreme
drought conditions.

Scenario effectiveness relies
on water availability as
modelled which may not be
realistic under extreme
drought conditions.

Dredging on its own is not
considered to be a viable
option to reduce risk.
However, dredging in unison
with another CIIP Option
could reduce risk.
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ID ClIP
option/scenario

2.2  Dredge Pelican

2.3  Dredge Parnka

3.1  Constantly
pumping in 125

3.2  Constantly
pumping in 250

Level of benefit

No benefit
Limited set of evidence

Minor benefit.

Reduced risk for CSL salinity
under observed inflows.

Limited set of evidence

Minor benefit.

Reduced risk for CSL salinity
under observed inflow
scenario.

Limited set of evidence

Minor benefit.

Reduced risk for CSL salinity
under dry and typical
scenarios.

For Official Use Only

Trade-offs

Negative trajectories for
CNL salinity and CSL
water level under
observed inflows.

Negative trajectory for
CSL water level under
observed inflows.

Negative trajectories for
over 60% of risk
pathways including risk
to water levels in the
CSL and salinity in the
CNL under observed
inflows.

Negative trajectories for
over 50% of risk
pathways including
water levels in the CSL

Rank Recommendation
effectiveness

(see Table 5.8)

Very Low Not recommended
Very Low Not recommended
Very Low Not recommended
Very Low Not recommended

Comments

Dredging at Pelican Point
has no benefit while
dredging at Parnka Point
only, or dredging at Parnka
Point and Pelican Point have
the same minor benefits,
therefore a more efficient
approach is to consider
dredging at Parnka only.

Concerns remain the impact
of sediment disturbance
during the construction
phase and the subsequent
potential for long term
impacts (including acid
sulphate soils).
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ID clp Level of benefit Trade-offs Rank Recommendation = Comments
option/scenario effectiveness
(see Table 5.8)
and salinity and
nutrients in the CNL.
3.3  Constantly Minor benefit. Negative trajectories for  Very Low Not recommended

34

35

pumping in 500

Constantly
pumping out 125

Constantly
pumping out 250

Reduced risk for CSL salinity
under observed inflow
scenario.

Limited set of evidence

Minor benefit.

Reduced risk for CNL and
CSL salinity under dry and
typical inflow scenarios.
Reduced risk for CSL salinity
under observed inflow
scenario.

Minor benefit.

Significantly reduced risk for
CNL and CSL salinity under a
typical inflow scenario.
Reduced risk for CNL and
CSL salinity under a dry
inflow scenario.

Reduced risk for CSL salinity
under observed inflow
scenario.

over 60% of risk
pathways including risk
to water levels in the
CSL and salinity in the
CNL.

Increased risk (medium Low

to high) for CSL water
levels under typical
inflow scenario.

Negative trajectories for
CSL water levels under
dry and observed inflow
scenarios.

Negative trajectories for  Low

CSL water levels under
dry, observed and
observed inflow
scenarios.

Recommended
pending pump
operation strategy

Recommended
pending pump
operation strategy

An operation strategy for
pumping may help to
minimise the impact of
receding water levels in the
CSL over spring and in to
summer. This could be
achieved by temporally

stopping pumping.

An operation strategy for
pumping may help to
minimise the impact of
receding water levels in the
CSL over spring and in to
summer. This could be
achieved by temporally

stopping pumping.
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ID ClIP
option/scenario

36  Constantly
pumping out 250
at Round Island

3.7  Constantly
pumping water in
and out

Level of benefit

Minor benefit.

Reduced risk for CSL salinity
under observed inflow
scenario.

Limited set of evidence

Major benefit.

Significantly reduced risk for
CSL salinity under a typical
inflow scenario.

Reduced risk for CNL salinity

under typical inflow scenario.

For Official Use Only

Trade-offs

Negative trajectory for
CSL water levels under
observed inflow
scenario.

Increased risk to CSL
water levels under
typical inflow scenario
(medium to high)

Negative trajectories for
CSL water levels under a
dry inflow scenario.

Rank Recommendation

effectiveness

(see Table 5.8)

Low Recommended
pending pump
operation strategy
and further
modelling

Moderate Recommended

pending pump

operation strategy.

Comments

An operation strategy for
pumping may help to
minimise the impact of
receding water levels in the
CSL over spring and in to
summer. This could be
achieved by temporally
stopping pumping.

This is same scenario as 3.5
but with pumping station at
Round island instead of
Policeman Point.
Hydrodynamic modelling
was not supported by
biogeochemical modelling,
and therefore, further
evidence is required to
determine the most
beneficial location for
pumping out operations.

An operation strategy for
pumping may help to meet
temporal water level targets
through independent rates
of pumping in and out for
different time periods across
a year.
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ID ClIP
option/scenario

3.8  Pumping water
out above 0.2m

3.9  Pumping water
out above 0.3m

Level of benefit

Reduced risk for CSL and
CNL salinity under dry inflow
scenario.

Major benefit.

Significantly reduced risk for
CNL salinity under typical
scenario.

Reduced risk for CSL salinity
under a typical scenario.
Reduced risk for CNL and
CSL salinity under a dry
scenario.

Minor benefit.

Reduced risk for CSL salinity
under observed inflow
scenario.

Limited set of evidence

For Official Use Only

Trade-offs

Increased risk to CSL
water levels under
typical inflow scenario
(medium to high)

Negative trajectories for
CSL water levels under a
dry inflow scenario.

Negative trajectory for
CSL water levels under
observed inflow
scenario.

Rank Recommendation

effectiveness

(see Table 5.8)

Moderate Recommended
pending pump
operation strategy.

Low Recommended

pending pump
operation strategy.

Comments

An operation strategy for
pumping may help to
minimise the recession of
water levels in the CSL over
spring and in to summer.
This could be achieved by
temporally stopping
pumping and having short-
term surcharges in water
level through barrage
discharge before critical
periods.

An operation strategy for
pumping may help to
minimise the impact of
receding water levels in the
CSL over spring and in to
summer. This could be
achieved by temporally
stopping pumping and
having short-term
surcharges in water level
through barrage discharge
before critical periods.
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ID clp Level of benefit Trade-offs Rank Recommendation = Comments
option/scenario effectiveness
(see Table 5.8)
3. Pumping water in ~ Minor benefit. Negative trajectories for  Low Recommended An operation strategy for
10 orout (AHD > Reduced risk for CSL salinity ~ CNL nutrients and CNL pending pump pumping may help to
0.3m <0.15m) and CSL water levels under a  salinity under a dry operation strategy. ~ Minimise the export of salt
dry inflow scenario. inflow scenario. and nutrients from the CSL
Reduced risk for CSL salinity ~ Negative trajectory for © the CNL. This can be
under a typical inflow CSL salinity under a achieved by managing the
A, typical inflow scenario. CSL in isolation from the CNL
when water levels drop
below the sill height of the
CSL (~+0.2 m AHD).
3.11 Pumping water in  Minor benefit. Negative trajectory for Low Recommended An operation strategy for

or out (AHD >
0.2m <0.1m)

3.13 Passive ocean

connector (10 x
1.5m pipes)

Significantly reduced risk for
CSL salinity under observed
inflow scenario.

Limited set of evidence

Minor benefit.

Reduced risk for CNL and
CSL salinity under dry and
typical inflow scenarios.

CSL water levels under
an observed inflow
scenario.

Negative trajectory for Low
CSL water levels under

dry and observed

scenarios.

pending pump
operation strategy.

Recommended
pending mitigation
strategies

pumping may help to
promote connectivity
between the CNL and CSL
over late-autumn to spring
and meet target water levels
over spring and early
summer (+0.2-+0.4 m AHD).
This can be achieved by
adjusting the water level
thresholds for pumping in
and out at different times of
the year.

Scenario will need mitigation
strategy for water level in the
CSL
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ID ClIP
option/scenario

3.22 Constantly
pumping out 250
and Dredging

3.23 Constantly
pumping out 500
and Dredging

Level of benefit

Reduced risk for CSL salinity
under observed inflow
scenario.

Major benefit.

Significantly reduced risk for
CNL salinity, CSL salinity
under dry and typical
scenarios.

Significantly reduced risk for
CSL salinity under observed
scenario.

Reduced risk to CNL salinity
under extra dry and
observed scenarios.

Major benefit.

For Official Use Only

Trade-offs

Increased risk to CSL
water levels under
typical inflow scenario.

Negative trajectory for
CSL water levels under
dry and extra dry
scenarios.

Negative trajectory for
CSL water levels under

Rank
effectiveness
(see Table 5.8)

Moderate

Moderate

Recommendation

Recommended
pending pump
operation strategy
and dredging
impact mitigation
strategy.

Recommended
pending pump
operation strategy

Comments

An operation strategy for
pumping may help to
minimise the recession of
water levels in the CSL over
spring and in to summer.
However, due to the
dredged constriction
between the CSL and CNL,
changes in pumping
operation are expected to
have relatively minor impact
in minimising the impact of
water recession in the CSL
over spring and in to
summer.

Concerns remain the impact
of sediment disturbance
during the construction
phase and the subsequent
potential for long term
impacts (including acid
sulphate soils).

An operation strategy for
pumping may help to
minimise the recession of
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ID clp Level of benefit Trade-offs Rank Recommendation = Comments
option/scenario effectiveness
(see Table 5.8)

Significantly reduced risk for ~ observed inflow and dredging water levels in the CSL over

CSL salinity under observed scenario. impact mitigation spring and in to summer.

inflow scenario. strategy. However, due to the

Reduced risk for CNL salinity dredged constriction

under observed inflow between the CSL and CNL,

scenario. changes in pumping

Limited set of evidence operation'are expectgd to
have relatively minor impact
in minimising the impact of
water recession in the CSL
over spring and in to
summer.
Concerns remain the impact
of sediment disturbance
during the construction
phase and the subsequent
potential for long term
impacts (including acid
sulphate soils).

4.1  Further Minor benefit. Negative trajectory for Very low Not recommended

augmentation of
South East Flows

Reduced risk for CSL salinity
under typical and dry
scenarios.

Reduced risk for CNL salinity
under typical scenario.

CNL salinity and CSL
water levels under the
dry scenario.
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6 Findings and recommendations

e Risk to the system: Shortlisted CIIP options can potentially improve the ecological values of the Coorong
but also have the potential to worsen those values. Extreme care should be taken to avoid further
detrimental impact to the site, particularly to the CNL.

e Trade-offs: Ecological interpretation suggested that some options may deliver only improvements to the
system but the Ecological Risk Assessment process highlighted that even those options can have trade-
offs.

e System sensitivity: There seems to be an important system response to slight differences in model
assumptions (E.g. pumping in 125 vs pumping in 250), which highlights the importance of CIIP scenario
refinement in Phase 2 of the feasibility investigations.

e The ecological interpretation and risk assessment concluded that the following CIIP options and scenarios
have limited or no benefits to the system and are likely to cause trade-offs that cannot be mitigated, and
therefore, they are not recommended:

»  Further augmentation of South East Flows
= Dredging as a standalone option
= All the pumping options with constant flow into the southern lagoon

e Lake Albert Connector: Ecological interpretation of this CIIP option suggested that a moderate benefit
could be achieved, however, the risk assessment identified major risks to the system from this option. The
effectiveness of this CIIP option relies on water availability, which may not be realistic under extreme
drought conditions.

e Dredging on its own is not considered to be a viable option to reduce risk. However, dredging in unison
with another CIIP Option could benefit the system. Dredging at Pelican Pt was determined to provide no
benefit, and therefore, if dredging is to occur it should only take place at Parnka Pt.

e Mitigation strategies: Scenarios that pump water out the South Lagoon appeared to be the most effective
and beneficial CIIP option. However, none of the CIIP scenarios modelled provided a benefit to the
system without associated risks and trade-offs. An operation strategy for pumping will need to be
developed and tested to avoid or minimise trade-offs. This may include:

= temporarily stopping pumping (either in or out depending on the scenario)

» independent rates of pumping in and out at different time periods or water level
thresholds

= temporarily stopping pumping and having short-term surcharges in water level
through barrage discharge before critical periods.

e Pumping location: further evidence is required to determine the most beneficial location for pumping out
operations.
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A. Subject matter experts for Ecological Interpretation of modelling outputs
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Macroinvertebrates
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Food chain (fish)
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B. Ecological Interpretation framework

Thi ical interpretation framenork toguide intherr of sedment quality, nutrients, aquats , invertebrates and fish) to CIP
Dol rEiions I s () e e T, oo o SO0 CTpCrEs (EcmErt iy Tt o ey es e )

Salinity Water level Biogeochemical Biological Tracers
% % % % % % % ug/L | mg/L | mg/L | mg/L | mg/L DlAs/]/m B km? km? km? days % % %
0.0 -
<35 <60 <7100 >-0m >03m +0.2 +04 +02m Ruppia South
Cllp Cllp BMT Water ppt ppt ppt & AHD m AHD AHD | | g N |7 | R | ULVA | HsI ;‘i[: . SH'Z:Z;'ZZ;’? Water | Lagoon | Barrage SC‘:lete y
Option Scenario Simulation | station (vear- (vear (vear- <+0.8 (Aprilto | (Augustto | (January (TMALG) | (sexual Hs) Hs) Age Initial tracer tracer
round) | round round) AHD July) December) to >0.5) tracer
March)
Beacon 1 94% | 100% 100% 65% 874 | 011 | 1282130 | 652 17 0 33 0
Long Pt 67% | 100% 100% 75% 151 | 014 | 174| 079 | 591 106 7 51 3
Parnka Pt 3% 28% 83% 56% 14% 3% 793 | 028 | 455| 331| 733 272 43 80 21
Dry
g Snipe Is 0% 0% 0% 51% 15% 0% | 1580 | 041 | 671 | 665| 841 432 91 92 53
Q
& CNL_Region 18% 93% 100% 85% 368 | 019 | 247 | 174| 650 16.10 122 | 491 58.7 159 17 60 8
Q
3 CSL_Region 0% 0% 18% 70% 21% 33% | 1157 | 038| 622 | 48 | 796 0.91 23| 105 264 383 78 92 43
Beacon 1 100% | 100% 100% 71% 856 | 014 | 1541702 | 665 15 0 52 0
Long Pt 97% | 100% 100% 84% 170 | 018 | 210 | 083 | 6.15 100 6 75 6
® Tvoical Parnka Pt 7% 49% 92% 61% 17% 6% 480 | 032 | 448 | 200 713 275 37 107 42
oy ypica
= = Snipe Is 0% 0% 62% 56% 9% 0% | 1348 | 038 624 | 567 | 832 404 66 103 92
= ]
S 8 CNL_Region 51% | 100% 100% 90% 258 | 023 | 273 | 123 | 655 27.01 95| 557 61.3 158 15 86 16
5 2 _ 122 | 424 78.7
8 8 CSL_Region 0% 0% 68% 76% 51% 47% 985 | 037 | 592 | 415| 788 2.27 : : : 367 59 109 76
Beacon 1 95% | 100% 100% 65% 861 | 011 1312119 | 652 23 1 33 0
Long Pt 93% |  100% 100% 77% 364 | 012 | 187 | 196 | 621 90 6 62 3
o
% Dry Parnka Pt 4% 54% 94% 56% 14% 6% 417 | 023 ] 401 | 175]| 695 238 33 101 18
©
5 23 Snipe Is 0% 0% 29% 53% 14% 0% | 1475| 036 676 | 620 | 836 424 78 120 52
9] —
2 e CNL_Region 57% | 100% 100% 88% 475 | 015 | 235| 320 | 656 27.59 124 | 570 60.1 127 12 75 6
= O
S % CSL_Region 0% 0% 55% 72% 22% 38% | 1052 | 033 | 614 | 442 | 787 1.57 89 | 225 504 369 66 118 41
8 S Beacon 1 100% | 100% 100% 71% 851 | 013 | 158 | 17.04 | 663 21 1 52 1
< €
o g Long Pt 100% | 100% 100% 86% 554 | 013 | 218 | 296 | 646 80 4 83 5
“, Q
- < Typical Parnka Pt 54% 94% 100% 61% 18% 12% 149 | 019 | 353 | 063 655 222 21 121 32
v
s Snipe Is 0% 38% 100% 58% 9% 0% 891 | 025| 491 | 375| 792 376 45 124 83
CNL_Region 100% | 100% 100% 92% 629 | 015| 255| 459 | 6.68 26.21 43| 622 62.3 113 7 96 11
CSL_Region 0% 64% |  100% 77% 52% 63% 562 | 024 | 460 | 238 738 17.27 214 | 783 87.2 331 38 129 66
= 2 Beacon 1 93% | 100% 100% 65% 856 | 011 1312150 | 6.51 24 1 32 1
c =
N 0,_“3I Long Pt 75% | 100% 100% 77% 394 | 012 | 180 | 225]| 6.23 92 6 55 4
] -
S e Dry Parnka Pt 2% 56% 99% 53% 12% 43% 411 021 ] 360| 173| 705 237 29 91 18
c (SN )
) e Snipe Is 0% 0% 57% 51% 14% 0% | 1410 | 033 | 618 | 592 | 829 412 64 114 47
O g s
£ © o 3 CNL_Region 41% | 100% | 100% 90% 479 | 014 | 223 | 328 | 657 29.96 124 | 578 60.6 127 11 67 7
v j=
= 2 CSL_Region 0% 0% 91% 73% 21% 76% | 973 | 030 | 541 | 409 | 776 3.39 29 | 356 749 | 350 52 110 36
% < Typical Beacon 1 100% | 100% 100% 71% 855 | 013 | 156 | 1745 | 662 21 1 51 1
N Y
3 Long Pt 100% | 100% 100% 88% 582 | 013 | 207 | 330 | 645 79 4 77 6
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Salinity Water level Biogeochemical Biological Tracers
% % % % % % % ug/L | mg/L | mg/L | mg/L | mg/L DMs/J/m P km? km? km? days % % %
0.0-
<35 <60 <7100 >-0m >03m +0.2 +04 +02m Ruppia South
clp cip BMT Water ppt ppt ppt & AHD m AHD AHD ULVA | HSI All | Smallmouth |\ oo aooon | Barrage | S94
. . . . . . TCHLA | TP N ) TRIX Fish Hardyhead 2. Creek
Option Scenario Simulation | station (vear- (vear (vear- <+0.8 (Aprilto | (Augustto | (January (TMALG) | (sexual Hs/ Hs/ Age Initial tracer tracer
round) | round round) AHD July) December) to >0.5) tracer
March)
Parnka Pt 53% | 100% 100% 61% 18% 48% 217 | 018 | 333 | 093 | 674 219 18 114 31
Snipe Is 0% 70% 100% 60% 1% 15% 647 | 024 | 448 | 272| 776 365 36 125 76
CNL_Region 100% | 100% 100% 93% 625 | 015 | 242 | 461 | 666 26.60 56 | 624 62.4 114 7 88 11
CSL_Region
221 | 846 87.5
0% | 100% 100% 88% 46% 58% 419 | 022 | 417 | 178 | 723 18.16 315 30 127 59
Beacon 1 94% | 100% 100% 65% 905 | 011 1242230 | 6.53 13 0 31 0
Long Pt 98% | 100% 100% 75% 187 | 012 ] 139 | 097 | 586 67 0 44 0
Dry Parnka Pt 72% | 100% 100% 55% 14% 3% 097 | 017 | 196 | 041 ]| 6.11 165 3 62 2
Snipe Is 0% 54% 100% 50% 15% 0% 830 | 027 | 351 | 348 782 335 20 88 22
o
S CNL_Region 100% | 100% 100% 87% 237 | 013 | 157 | 123 | 6.09 25.86 11.0 | 600 60.0 100 1 50 1
>
OI CSL_Region 0% 93% 100% 66% 20% 0% 493 | 024 | 298| 207 | 7.12 18.57 224 | 713 80.1 271 14 80 13
s Beacon 1 100% | 100% 100% 71% 880 | 014 150 | 17.83 | 666 11 0 49 0
§ Long Pt 100% | 100% 100% 84% 252 | 016 | 184 | 120 | 6.22 62 0 68 0
Tvoical Parnka Pt 98% | 100% 100% 60% 16% 5% 084 | 023| 258 | 035| 628 173 5 98 6
ypica
Snipe Is 0% | 100% 100% 55% 9% 0% 489 | 031 ] 377 | 206 770 325 19 120 41
CNL_Region 100% | 100% 100% 91% 229 | 018 | 205 | 113 | 633 26.11 00| 618 618 99 1 78 2
CSL_Region 55% | 100% |  100% 75% 48% 0% 345 | 029 342 134| 712 19.93 191 | 820 84.3 271 13 117 26
Beacon 1 87% | 100% 100% 66% 827 | 012 | 135 1998 | 653 25 1 35 1
5 Long Pt 10% 67% 100% 72% 192 | 018 | 241 | 095| 646 185 16 52 9
o o Dry Parnka Pt 0% 2% 89% 52% 15% 49% 819 | 019 355| 342 | 7.7 270 27 30 20
c o
S & Snipe Is 0% 0% 100% 53% 14% 1% | 1121 | 015 | 255 | 472 | 762 283 22 14 27
g 2 i 6.1 | 368 54.8
o a CNL_Region 0% 31% 100% 84% 570 | 020 | 317 | 257 | 685 9.53 : - : 228 22 47 14
o >
2 CSL_Region 0% 0% 100% 78% 36% 85% 840 | 016 | 276 | 401 | 7.29 7.22 73] 574 86.5 263 23 19 22
>3
e Beacon 1 99% | 100% 100% 71% 819 | 015 162 | 1599 | 6.65 22 1 55 1
o
£ Long Pt 38% 90% 100% 83% 162 | 020 | 249 | 079 | 635 169 13 74 15
Q.
£ Tvoical Parnka Pt 0% 18% 100% 60% 18% 56% 566 | 020 | 326 | 236 | 7.07 266 24 50 36
a ypica
Snipe Is 0% 43% 100% 58% 13% 23% 762 | 014 | 223 | 323 | 739 267 19 22 45
CNL_Region 17% 63% 100% 90% 429 | 022 | 295| 193 | 6.79 17.75 125 | 505 62.0 215 18 69 24
CSL_Region 0% 16% | 100% 91% 74% 71% 627 | 016 | 256 | 312 | 7.15 12.86 188 | 767 88.6 257 21 31 39
Beacon 1 95% | 100% 100% 66% 876 | 011 1262130 | 652 17 0 32 0
o Long Pt 95% | 100% 100% 76% 150 | 013 | 151 | 079 | 582 9 1 46 1
= wn
*g < Dry Parnka Pt 10% 92% 100% 57% 14% 6% 130 | 016 | 201 | 061 | 624 186 6 51 4
o O
O g Snipe Is 0% 15% 100% 54% 14% 0% | 1043 | 021 | 295| 437 | 775 310 19 49 21
Q uwn
£ EI CNL_Region 66% | 100% 100% 87% 239 | 014 | 171 | 121 ] 615 26.03 144 | 594 604 132 3 50 2
o
CSL_Region 0% 58% 100% 74% 22% 39% 649 | 018 | 245 | 316 | 7.12 15.48 21.0 | 733 83.5 242 13 45 13
Typical Beacon 1 100% | 100% 100% 71% 857 | 014 | 1531703 | 665 14 0 51 0
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Salinity Water level Biogeochemical Biological Tracers
% % % % % % % ug/L | mg/L | mg/L | mg/L | mg/L DMs/J/m P km? km? km? days % % %
0.0-
< - . . . .
cip cp BMT | Water p;f ;pEtO ;;)11‘0 ’ ; o ;\f/; " ;70/\2H504 +,4(\)/-2/£)m cta | 7 N | 7ss | Ty | ULVA %’pw ;‘[[Slh SH’;';’;;”;;’;’? Water fZ;ZZn Barrage Sccr’ge .
Option Scenario Simulation | station (vear- (vear (vear- <+0.8 (Aprilto | (Augustto | (January (TMALG) | (sexual Hs/ Hs/ Age Initial tracer tracer
round) | round round) AHD July) December) to >0.5) tracer
March)

Long Pt 100% | 100% | 100% 85% 176 | 017 | 188 | 086 | 6.14 89 2 70 2
Parnka Pt 39% 99% |  100% 61% 17% 9% 136 | 020 | 234 | 063 640 187 7 72 9
Snipe Is 0% 68% |  100% 58% 9% 0% 662 | 021 | 280 | 279 | 757 296 16 61 37
CNL_Region 100% | 100% 100% 91% 234 | 018 | 209 | 114| 634 26.36 84 | 613 62.0 129 3 74 4
CSL_Region 0% 98% 100% 77% 51% 61% 475 | 020 | 252 | 243 | 708 18.17 239 | 833 86.8 240 12 61 24
Beacon 1 95% | 100% | 100% 65% 885 | 011 | 126 | 2157 | 653 15 0 32 0
Long Pt 94% | 100% | 100% 75% 157 | 013 | 159 | 083 | 587 93 3 50 1
] Dry Parnka Pt 6% 60% 96% 53% 14% 5% 269 | 024 | 320| 112| 671 244 21 80 12
X Snipe Is 0% 0% 56% 47% 15% 0% | 1393 | 037 | 580 | 585 | 830 413 54 99 41
§ CNL_Region 41% |  100% 100% 86% 253 | 017 | 201 | 127 | 628 27.86 136 | 585 60.2 142 7 59 4
;l CSL_Region 0% 0% 67% 63% 21% 38% 976 | 034 | 515| 410 | 7.77 5.56 129 | 378 711 360 45 97 31
§ Beacon 1 100% | 100% | 100% 71% 864 | 014 | 153 ] 1720 | 666 13 0 51 0
?L' Long Pt 100% | 100% |  100% 84% 189 | 017 | 193 | 092 | 621 81 2 72 2
E - Parnka Pt 45% 91% | 100% 60% 18% 9% 123 | 028 | 333 | 052| 660 235 18 108 22
Snipe Is 0% 25% | 100% 57% 12% 0% | 1005 | 035 | 486 | 423 | 809 381 2 113 69
CNL_Region 100% | 100% 100% 91% 234 | 021 | 235| 1.14| 642 26.98 73| 608 61.9 131 6 85 7
CSL_Region 0% 59% | 100% 76% 52% 60% 644 | 034 | 449 | 272 | 755 16.10 175 719 86.3 336 35 117 53
Beacon 1 94% | 100% | 100% 65% 892 | 011 125|218 | 653 14 0 32 0
Long Pt 97% | 100% | 100% 75% 167 | 013 | 149 | 087 | 586 82 1 47 1
Dry Parnka Pt 12% 87% |  100% 56% 14% 4% 153 | 021 ] 259 | 064 | 644 209 14 72 7
a Snipe Is 0% 0% 72% 52% 15% 0% | 1361 | 034| 531 | 571 | 823 382 47 95 34
3 CNL_Region 90% | 100% 100% 86% 243 | 015 | 181 | 123 | 6.19 27.73 13.0 | 592 60.2 124 5 55 2
E CSL_Region 0% 2% 99% 69% 20% 10% 897 | 031| 450 | 376 | 7.63 8.70 154 | 460 70.1 323 36 90 24
§ Beacon 1 100% | 100% | 100% 71% 869 | 014 | 152 | 1743 | 665 13 0 50 0

|
= Long Pt 100% | 100% | 100% 84% 210 | 017 | 192 | 101 | 621 77 2 72 2

5
o Typical Parnka Pt 55% %% | 100% 61% 16% 6% 110 | 027 | 314| 046 | 651 218 15 106 18
Snipe Is 0% 43% | 100% 56% 9% 0% 907 | 035| 469 | 382 | 805 365 38 118 61
CNL_Region 100% | 100% 100% 91% 236 | 020| 229 | 115| 640 26.33 55| 612 61.8 124 5 83 6
CSL_Region 0% 70% | 100% 76% 51% 35% 561 | 034 | 427 | 237 | 746 17.67 198 | 729 85.4 317 31 120 45
Beacon 1 88% | 100% | 100% 65% 837 | 011 134]2035]| 652 26 2 33 1
gc‘ Long Pt 20% 73% | 100% 72% 174 | 016 | 217 | 086 | 636 158 16 46 9
:_g' Dry Parnka Pt 0% 3% 60% 56% 15% 8% 875 | 022 | 425 | 365| 730 279 36 39 25
£ Snipe Is 0% 0% 923% 55% 14% 0% | 1338 | 018 | 343 | 566 | 7.84 287 32 17 31
o CNL_Region 2% 32% 100% 83% 550 | 019 | 307 | 248 | 678 11.32 78 | 355 494 207 24 46 14
§ CSL_Region 0% 0% 80% 77% 36% 76% | 1017 | 019 | 361 | 472 | 750 147 04| 355 764 274 33 23 28
Typical Beacon 1 100% | 100% | 100% 71% 826 | 014 | 159 | 1624 | 6.64 22 1 53 1
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Salinity Water level Biogeochemical Biological Tracers
% % % % % % % ug/L | mg/L | mg/L | mg/L | mg/L DMs/J/m P km? km? km? days % % %
0.0-
<35 <60 <7100 >-0m >03m +0.2 +04 +02m Ruppia South
clp cip BMT Water ppt ppt ppt & AHD m AHD AHD ULVA | HSI All | Smallmouth |\ oo aooon | Barrage | S94
. . . . . . TCHLA | TP N ) TRIX Fish Hardyhead 2. Creek
Option Scenario Simulation | station (vear- (vear (vear- <+0.8 (Aprilto | (Augustto | (January (TMALG) | (sexual Hs/ Hs/ Age Initial tracer tracer
round) | round round) AHD July) December) to >0.5) tracer
March)
Long Pt 41% 97% 100% 82% 150 | 018 | 222 | 073 | 6.28 150 11 63 16
Parnka Pt 2% 15% 98% 61% 18% 29% 761 | 021 | 366| 3.18| 7.20 275 26 47 45
Snipe Is 0% 31% 100% 60% 14% 0% 901 | 015| 246 | 384 | 748 268 21 18 52
CNL_Region 14% 74% 100% 89% 428 | 020 | 280 | 193 | 673 16.66 129 | 489 60.7 202 18 61 27
CSL_Region 0% 14% 100% 78% 53% 94% 744 | 017 | 284 | 356 | 7.25 9.26 160 | 690 88.0 265 23 27 48
Beacon 1 9%% | 100% 100% 66% 865 | 011 129 2080 | 653 16 0 34 0
Long Pt 88% | 100% 100% 76% 134 | 014 | 170 | 072 | 587 103 3 55 1
Dry Parnka Pt 2% 52% 100% 55% 13% 44% 412 | 024 326 | 172 | 688 255 18 73 12
g Snipe Is 0% 0% 100% 52% 15% 0% | 1239 | 022 351 | 522| 790 313 27 46 27
()
= g CNL_Region 35% |  100% 100% 87% 250 | 018 | 214 | 124 | 634 26.88 137 | 574 60.4 156 7 64 4
(o) o
s g CSL_Region 0% 0% 100% 70% 20% 83% 883 | 023 | 348 | 405 | 750 7.11 113 | 571 84.5 287 25 54 21
©
S 2 Beacon 1 100% | 100% 100% 71% 854 | 014 | 155 1682 | 6.66 13 0 53 0
o
°§ o Long Pt 100% | 100% 100% 85% 203| 018 | 202 | 097 | 620 81 1 77 2
& Typical Parnka Pt 44% 97% 100% 60% 17% 49% 111 027 | 316 | 046 | 654 237 12 106 18
Snipe Is 0% 81% 100% 57% 12% 9% 654 | 022 | 299 | 277 | 762 299 19 67 44
CNL_Region 100% | 100% 100% 91% 229 | 021 | 240 | 111 | 644 26.87 88 | 614 62.0 133 4 90 5
CSL_Region 0% 97% |  100% 82% 48% 82% 468 | 025 | 313 | 226 | 7.22 18.14 233 | 828 87.0 279 18 83 34
Beacon 1 94% | 100% 100% 65% 864 | 011 | 127 |2155| 652 19 1 32 0
Long Pt 60% | 100% 100% 75% 195| 014 | 168 | 107 | 598 98 7 47 4
Dy Parnka Pt 2% 27% 86% 53% 1% 40% 678 | 026 | 398 | 283 | 731 268 36 73 20
Snipe Is 0% 0% 23% 50% 14% 0% | 1488 | 037 | 616 | 625 835 422 72 90 48
CNL_Region 6% 90% 100% 88% 319 | 017 | 227 | 161 | 644 20.68 126 | 520 59.2 152 15 54 8
> > CSL_Region 0% 0% 53% 70% 16% 77% | 1073 | 034 | 555 | 451 | 786 0.99 49 | 194 47.0 368 60 87 38
® ®
a a Beacon 1 100% | 100% 100% 71% 850 | 014 | 153 | 1737 | 664 16 0 50 1
Long Pt 2% | 100% 100% 86% 220 017 | 199 | 1.12| 619 % 6 68 7
g
Tvoical Parnka Pt 4% 65% 100% 60% 16% 45% 336 | 028| 378 | 141| 708 269 30 99 40
ypica
Snipe Is 0% 0% 88% 57% 1% 6% | 1265 | 036 | 558 | 532 | 824 396 53 106 85
CNL_Region 59% | 100% 100% 92% 269 | 021 | 251 | 134| 649 28.69 119 | 592 61.9 151 13 78 17
CSL_Region 0% 0% | 100% 83% 2% 66% 869 | 035| 510 | 366| 775 7.71 137 | 61.1 86.7 355 46 108 69
()]
§» @ Beacon 1 93% |  100% 100% 65% 898 | 011 | 122 | 2266 | 653 14 0 30 0
(] o
= = Long Pt 93% | 100% 100% 74% 248 | 011 | 138 131 ] 594 61 0 42 0
= (\I
& g Dry Parnka Pt 32% | 100% 100% 53% 12% 39% 154 | 016 | 196 | 064 | 635 174 5 57 4
[®]
" 2 © Snipe Is 0% 57% 100% 51% 14% 0% 780 | 026| 332 327| 775 340 18 82 21
c S
S £ CNL_Region 93% | 100% 100% 88% 249 | 013 | 153 | 135]| 6.10 25.88 115 | 604 60.4 9 1 46 1
()
o
§ o CSL_Region 0% 96% 100% 72% 16% 76% 460 | 022 | 279 | 193 | 707 16.81 208 | 79.2 84.3 271 12 74 13
) £ )
O & Typical Beacon 1 100% | 100% 100% 70% 875 | 013 | 148 | 1817 | 6.64 12 0 48 0
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Salinity Water level Biogeochemical Biological Tracers
% % % % % % % ug/L | mg/L | mg/L | mg/L | mg/L DMs/J/m P km? km? km? days % % %
0.0-
<35 <60 <7100 >-0m >03m +0.2 +04 +02m Ruppia South
clp cip BMT Water ppt ppt ppt & AHD m AHD AHD | o | 1 | 7ss | Ty | ULVA | HSI ;‘[ISI . SH’;';’;;”;;’;’? Water | Lagoon | Barrage Sccr’ge .
Option Scenario Simulation | station (vear- (vear (vear- <+0.8 (Aprilto | (Augustto | (January (TMALG) | (sexual Hs/ Hs) Age Initial tracer tracer
round) | round round) AHD July) December) to >0.5) tracer
March)
Long Pt 100% | 100% 100% 85% 283 | 015| 174 | 140| 6.23 59 1 63 1
Parnka Pt 97% | 100% 100% 61% 16% 45% 123 | 022 | 248 | 051 | 648 181 5 89 9
Snipe Is 1% | 100% 100% 59% 10% 6% 478 | 030 | 360 | 201 | 766 326 16 115 39
CNL_Region 100% | 100% 100% 92% 242 | 017 | 194 | 125| 6.29 26.35 45| 620 62.0 97 2 71 3
CSL_Region 51% | 100% |  100% 84% 41% 67% 300 | 027 | 321 132| 7.09 19.32 209 | 865 86.6 268 12 108 25
Beacon 1 94% | 100% 100% 65% 873 | 011 1282128 | 652 18 0 33 0
Long Pt 66% | 100% 100% 75% 151 014 | 176 | 079 | 592 108 7 50 5
Dry Parnka Pt 3% 29% 85% 56% 14% 3% 783 | 028 | 455 | 327 | 732 273 41 77 32
Snipe Is 0% 0% 19% 52% 15% 0% | 1500 | 037 | 646 | 631 | 836 417 81 82 76
CNL_Region 18% 95% 100% 85% 367 | 018 | 248 | 173 | 651 16.31 133 | 488 576 162 17 59 12
< _Region (] (] (] (] (] (] . . . . . . . . .

< < CSL_Regi 0% 0% 45% 71% 21% 35% | 1110 | 036 | 607 | 467 | 791 091 27 | 155 40.5 375 71 84 63

[N} [N}
< < Beacon 1 100% | 100% 100% 71% 855 | 014 | 155 1699 | 665 15 0 52 1
Long Pt 98% | 100% 100% 84% 168 | 018 | 210 | 082 | 6.14 103 6 74 9

. arnka Pt (] (] (o] 0 (] (] . . 3 . .
Tvoical Parnka P 10% 65% 99% 61% 17% 6% 297 | 029 | 400 | 124| 693 275 33 100 58
ypica

Snipe Is 0% 0% 90% 57% 9% 0% | 1156 | 032 | 522 | 487 | 814 385 53 88 117
CNL_Region 55% | 100% 100% 90% 257 | 022 | 268 | 123 | 650 28.81 9.6 | 563 61.8 162 14 84 23
CSL_Region 0% 1% | 100% 76% 51% 55% 840 | 033 | 506 | 356| 773 11.94 149 | 632 86.5 356 49 9% 99
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C. A description/rationale for the use of each parameter in the ecological interpretation framework, including the measure calculated for each parameter.
Salinities 35 ppt support
e  High abundanaes of maaoinvertebrates and fishes in theMumayMouthand North Oittenn 2015; Giatas & Ye 2016, Ye et al. 201%)

Salinity gigg’t(year‘

Salinity ppttrear

<100ppt

Salinity Seerond)

AL >0m

Wéter level ADad

<+H08mAHD

S:>03m

Water level
July)

AD Al o

%0f days below
35 potover
simullation penod

%0f days below
60 pptover
simullation penod

%0f days below
100 pptover
simulation penod

%0f dayswhere
water levels inthe
A\Lare between
Oad+08m
A-Dower
simulation penod

%0f dayswhere
water lavels inthe
CLare>+03m
A-Dower
simullation penod

) (Glagtgf?\r(sa'x?qorat(l-bssalnetal 2016) and the aab Paragigpsus gaimardi (Ye et al. 207% \/\hmarekeypreyspeaesforﬁshardv\atelblrds
e

¢ Bladk bream, which aremost doundant in areas where salinities from15-25 ppt, particularly during the | indell et al. 2008).
Studles|naq1anahavedetemnedﬂ1ewwwalofblad<b|eanmgetobeqoma sahnrtesframrg W@m abnomrelities in
Ianraemerebmstﬁuneggsihatmaembatedatsahnrh&sﬁoﬂS—BS (I—bckiyardPa%urstZ(II) [twedge habitats (salinity stratification
atﬂeﬁedmmteradnanmlnterbce)arenpamforbbd(breanreaumardfa\mmlesahnrtles(15—30ppt)ardhabd|rm(>10ppt)vxee
Ilkeb/presentdmngthemu recrurlrmntevenhn’hel\/brraystua in2017/18 (Yeetal 201%).

o weemderedhwrdaletotfereaummﬁjoeaesweeta .2015)

. Emredreaurlmentcfeswnneﬁshqoeaesmwl qrell hardyheed, Tamrgob,/samyqaatardyellmeyermlletasamttof
freshwater flons (Ye et al. 2015)that|m'easeesmanr\eprocL|ctery(B|ceetal 2016).

Salinities <60 ppt support
o Avanetyofn*aoomertebratepreytypesalea\alldoleforﬁmawdshoreblrdsatsallnrtlesbeb/v60ppt(YeetaI 2021)
e Magonvertebrate communities that can positively affect nutrient oyding and fluxes are still present in the Munray estuary and northem North

Iagoon\/\mvesallnltlesare bebNGOpptd\/bsrLa/et al. 2021a).
o Thefishammunity isdiverse ve of both small- and large-bodied spedes at salinities below 60 ppt (Ye et al. 2019%).
qgtnalmk;gl;t%nsforRuberosazozo germination (10-60 ppt), vegetative growth (30120 ppt), flowering and seed set ppt) Collieretal. 2017;
o Theabundanceof thedenrtrrﬁcal]on nbacteriahasa morr); inverse relationshipwith salinity in the Coorong, particularty where salinities
S P e o o ek o DTS
Salinities <100 ppt support
. %ﬁﬁoﬁtﬂ%t%s%mbswﬂomn (leading to seed-set) betiween Septanber and Decamber (optimal: 40-63 pot, suboptimal: 17-102 pot
leretal. 2017,
el salinity conditions (full range: 22ppt)forR11berosaadthplant(\,egetatNe)gr0Am(CoIheretaI 2017; Asanopoulos andWayaott
Sle conditions for smell-mouthed hardyhead reaitment and distrioution (Ye et al. 2020), induding avoiding lethal effects (ie. the LCSOvalue is

108 Lui 1969).

) SurtaEtlg C%Hdztu% &% larvae of salt-tolerant chironamids (Tarytarsus barbitarsis) Oittmenn 2015), induding avoiding lethal effects (ie. LCSOvalue is

nn

Awater regmewhere levels fluctuate seasonally betinveen 00mAHD in auturm and +08 mAHD inwinter are expected to provide:

e Conditions for Ryppia tuberasa and Althenia o/lindrocana growth in the: centtral North Lagoon and for growth and reproduction in the southem
sections of the North Lagoon.

o Comectivity with the South Lagoon (i.e. water levels above +02 mAHD, M Giblos. Pers. Carrm 2021) to support the passage of fish between the
Coorong lagoonsand R tuberosa and A gylindroaanpa growth and reproduction in the South Lagoon.

e Protection of mudflat habitats from long-termexposure that otherwise mmekes them uninhabitable for certain benthic meaoinvertebrates (ie.
polycheetes) Oitimemn et al. 2018).

o BExtensivemudfiat availability at low (~+0.1mAHD) water levels (Hoblos et al. 2019) frammid-suner o autunn that provides foraging haboitatt for
shorebircks.

Awvater regmewhere levels in the CSLare above +H03 mAHD over April to Julywould be expected to:

e Fadlitate connectivity and exchange of water betiween the ONL and CSL, which acould benefit ecosystem function through improvements towater
and sedment quality (eg. Mosley et al. 2020).

e Support condition favourable to the winter growth of Ryppia tuberosa and Althenia o/lindrocarpa. Most (889 R. tuberosa and A ¢/lindlrocarpa
plants in soring 2020 ocaunred at elevations between -0.15 and +0.15mAHD in the South Lagoon (Oemren 2021). As R tuberosa (and
A g/lindroaanpa) had greattest shoot densities inwater depths of 02 to 06 m (Kimet al. 2015), water levels in the South Lagoonof +035mAHD
over June and July should provide optinnel growth conditions.
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Awater regmewhere levels in the Sl are betiween H04 mAHD and +H02 mAHD fran August to Deaamoerwould be expectisd to:

e Mantainwater levels from Septamber to Decaber that are arttical to suasessful R. tuberosa (and presumebly A g/lindroaanpa) sexual (seed) and

asexual (turions) reproduction (Collier et al. 2017). Optimel water levels for R. tuberosa (and presumebly A g/lindroaana) reproductive output are

( +025mAHD as the vest majority (88%) of R tuberosa and A ¢/lindroaanpa plants were distributed between -0.15 to +0.15mAHD i
spring 2020 and dersities of R, tuberosa flowers, seeds and turions are greatest in 0.1-04mofwater (Kimet al. 2015). This optimal water level (M
A-D) for R tuberosa and A ¢/lindroaanpa needss o be confimed by field data and newdigital elevation mode! infomretion collected for shallow
water environmeants.

e  Provide shallowvweter habitats forwaterbirds that congregate from late spring (Delroy 1974) and oaaur in their highest numbers over summerand
autun (Paton 2010). Waterbird activity is concentrated in shallowwater habitats (Paton et al. 2018), which becomegreatly reduced aswater levels
exaad +H04mAHD Habbs et al. 2019).

Awater regmewhere levels in the (S are betwean H04 mAHD and +H02 mAHD fram Augusst to Decamioerwould be expectied to:

e Provide expansive areas of mudfiat frommid-sumrer to autunmn for shoreboirds to forage, as the extent of such hebitat are optimal at water
levels of +0.1—+02 mAHD (Holdbs et al. 2019).

Total chlorophyll-a is the sumof all planktonica Iromps(qenobactena reen algae and diatos) (Hipsey et al. 2020). Proesses thatt planktonic
a}gaegmlnﬂwreardaremﬂwredQ/arelgag o rel%oaleratmardsedngist?/tlon(l-lpseyetal 2020). This parameter
pstotaddfeprogmmofbd(ﬂwereofﬁdnafwerﬂ;mphctomesotqmcstate

Total nitrogen is the sumof all nitrogen state variables (dissolved ic, partiaulate organic, anmmonum and nitrate). Progesses thet | these
itrogen state varidbles are a 202I8al Lptakeard mortality/exaetion, nitrfication, denitrification, sediment fiux, orgenicmineralization, photolysis, breskdoan

andsettllng Hipseyetal. Th|spaaneterhelpstotad<thep|ogressmoflad<ﬁHeofﬁdna hyper-eutrophic tomesotrophic state.

Ameasure of theamount of sadiment in thewatter colunnand therefore is ameasure of watter darity. Water darity is considered tobean
importent deteminant in the depth to which aquiatic plants can growand also influence the vigour of plants (Collier et al. 20

The trophic index (TRIX) assesses the degree of ication in the ardiscalmlatedbasedlpm’demmmamdmbm%
dissolved oxygen, total nitrogen and total Wbs%gtngOZO)AsTRbﬂn@matesnee&nesofmmmtaﬁdmbrqdwll it helps to
represent recovery of nutrient dynamics in the Lagoon frama hyper-eutraphic to mesotrophic state.
Average biomess of maaoalgae aaoss the L and CSLover the final year of smulation. Maaoalgae cover is a key factor that influences the condition
oftheCoorong,eqoeoaIIy’dwlgeagSLasrtaffects o o e

suaessof R tuberosa

. rutnerrtcycllng in the sediment, and
o theaamessibility and quality of foraging hebitat (mudfiat) for shorebircs.

Aliterature review by Collier et al. (2017) determined thresholds for salinity, tenrperature, light, water depth and algal biomess foreach life stage of the R

tuberosa lifecyde. These emlogical thresholds were used to paraeterise the I—IabrtatSurtdollltyI\/bdeI ((llier etal. 2017), which @anbe
with the Coorong Dyremics (DEW20208) to determine the habitat suitability for each R tuberosa life stage and aaross the life yde under
differentmenagement scenarios. The outputs in the framenork Ruppia HS| (sexual >05) is the extent () of heboitat for sexual reprodluction (seed

production) that has a suitability rating over 05.

The Fish HSl areawes calaulated as ry total extent for all fish gpedes, with each of the seven gpedes weighted equally. A diverse fish
aonunity is a key biological attrioute gthedesuedstateofﬂweSthﬂCoorong(DBNZOma) .
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extent () for
all fish goeces)
Average The Smallnouth Hardyhead HSI wes calaulated as average total extent of habitat for the spedes. The Smallnouth Hardyhead is a key food
Biolgical mkﬂ totalhdo(my?rl;;’gdy mroeforpiscmmﬁshammuerdrdsinmmm%lyﬂemm@mmvema e
extent

Amudlaveraged  Thewater age tracer represented the average age of watter at each point in and time in themodd! from the commmencamant of the simulation (ie.
Vibler Tracer Vidder Age watter age (days) ﬂwematergﬁcﬂmtheﬁrstdaywasset’@%:.]e PO

W\ater Tracer m}(w Arial average The South lagoon initial tracer represents how thewatter in the South Lagoon flushes and evapo-concentrattes.
AerageBamage  The conaentration of barrage watter. The concentration of barragewater s treated smilarly to dissolved constituents (eg. salt) and therefore anevepo-
Water tracer aoneEntrate.
Water Tracer Bamagetracer  concentration
during the final
Simulation year
Average Salt The conaantration of Salt Creskwater. The concentration of Salt Creskwater is treated similarly to dissolved constituents (eg. salt) and therefore an
Sat Creck Creckweter tracer - evepo-conaentrate.
Water Tracer fracer conantration
during the final
stE‘uon year.
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D. Interim water quality trigger values for the Coorong

Luke Moseley, University of Adelaide, 25 May 2021

Proposed interim water quality trigger values to ensure components, processes and services (CPS) are
maintained in the Coorong in regard to nutrients (nitrogen and phosphorus) and chlorophyll a (indicator of
green micro-algae/phytoplankton concentration) are shown in Table 8.1. The approach taken to develop these
was to first consider the Australian Water Quality Guidelines (AWQG 2018) for nutrients and chlorophyll a in
seawater or estuarine water (Table 8.2). Estuary trigger values of total nitrogen (TN) < 1 mg/L, total
phosphorus (TP) <0.1 mg/L, and chlorophyll a < 5 ug/L are proposed to be used for the Coorong but the TN
and TP are also the same for marine waters (Table 8.1).

Given the reverse estuary type, restricted morphology, and occurrence of hypersaline conditions in the
Coorong, applying these default guidelines derived for salinities greater than 35 psu is somewhat problematic.
However one simple principle that can be applied is that the total nutrient or chlorophyll concentration in the
Coorong water should not increase above that expected via evapo-concentration of seawater on an annual
cycle (i.e. evapo-concentration over spring-summer period). For example, given the AWQG (2018) value for TN
is 1 mg/L in marine waters (Table 8.2), if doubling the marine salinity of 35 psu occurs to reach 70 psu, TN
should be < 2 mg/L (i.e. doubling of AWQG 2018 value of 1 mg/L). This approach was applied to derive the
interim values in Table 8.2) while remaining internally consistent with the salinity thresholds and exceedance
durations that have been proposed. For example, for salinity a “very significant” consequence is categorised
when salinities are >100 psu for >18 months in the South Lagoon. Correspondingly for TN a “very significant”
consequence was set at >3 mg/L TN for >18 months, which is approximately 3 times the AWQG (2018) TN
value (to reflect the corresponding salinity of >100 psu is approaching 3 times seawater salinity). Using this
approach the limits of acceptable change (LAC) are set at TN>3 mg/L and/or TP>0.3 mg/L and/or Chlorophyll
a > 15 pg/L for 218 months for the South lagoon, and TN>2 mg/L and/or TP>0.2 mg/L and/or Chlorophyll a >
10 pg/L for 218 months for the North lagoon.

How the existing water quality data compares to these values is shown in Figure 8.1 and Figure 8.2
respectively. The current water quality in the Coorong is often largely in excess of the interim guideline values
(Oliver et al. 2015, Mosley et al. 2020), particularly for TN and chlorophyll (Figure 8.1 and Figure 8.2). The
consequence is that the interim guidelines proposed suggest the CPS are in the “very significant” range
currently due to excessive nutrient and chlorophyll levels, particularly in the South Lagoon. This is considered
reasonable given that algae and nutrients are acknowledged as major issues presently harming the Coorong
ecological health (Mosley et al. 2020, Waycott 2020a,b).

Historical data near the time of Ramsar site declaration shows water quality not inconsistent with these interim
trigger values and much improved from current conditions. For example in 1982-1983 the mean TP
concentration along the entire Coorong was 0.08 mg/L and chlorophyll a values were also typically <10 pg/L
(Geddes and Butler 1984). This period was during low flow conditions so likely represents poorer water quality
than average conditions at the time. Hence setting trigger values more consistent with earlier water quality
data when less eutrophication was present aligns with a resource condition target (RCT, Table 8.1), and CPS of
the Coorong around the time of Ramsar site declaration.

The proposed Coorong trigger values in Table 8.1 should be considered interim values until the current
nutrient and algal components of the Healthy Coorong, Healthy Basin Trials and Investigations are completed
in 2022. Following completion of this research these values should be reviewed.
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Table 8.1 Proposed trigger values for nutrients and chlorophyll in CPS

CPS (from Consequence
RaMP) level Outcome
Water levels in the CSL to be maintained >+0.3 m AHD in June and July,
Insignificant between +0.4 m AHD and +0.2 m AHD from August to December (part of
1.1.3 RET)

c o Minor Water levels maintained above +0.3 m AHD in June and July, and below
(saor::g +0.2 m AHD from August to December for less than 7 consecutive days.
LaOl:Jon Moderate Water levels maintained above +0.3 m AHD in June and July, and below
wgater +0.2 m AHD from August to December for >7 consecutive days.

S Water levels drop below target range from June to December but not below
levels Significant . .
0 m AHD over this period.
C g Water levels drop below Om AHD for > 8 consecutive months (LAC
Very significant
exceeded)
Insignificant Average daily salinity in the South Lagoon < 60 ppt year-round
1.2.2 Minor Maximum average daily salinities in the South Lagoon are 60-100 ppt
Coorong Average daily salinity in the South Lagoon are > 60 ppt in winter and annual
Moderate . L
South maximum salinity is >100 ppt
Lagoon | Significant Average monthly salinity exceeds 100 ppt for 6 to 18 consecutive months
salinity . ;
Very significant Average monthly salinity exceeds 100 ppt for > 18 consecutive months (LAC
exceeded)
Insignificant Average monthly salinity < 45 ppt (RCT)
1.2.2

Coorong Minor Average monthly salinity > 45 ppt (RCT) for < 2months
North Moderate Average monthly salinity > 45 ppt for 2-6 months
Lagoon | Significant Average monthly salinity > 70 ppt for 6-18 consecutive months
salinit ini i

y Very significant Average monthly salinity > 70 ppt for 218 consecutive months (LAC
exceeded)
<1 mg/L Total Nitrogen (TN) and <0.1 mg/L Total Phosphorus (TP) and
Insignificant Chlorophyll a (Chl. @) <5 pg/L as per Australian Water Quality Guidelines
(2018)(RCT)
T Minor Average monthly TN >1 mg/L and/or TP > 0.1 mg/L and/or Chl. a >5 pg/L
South for <2 months
Average monthly TN >2 mg/L and/or TP > 0.2 mg/L and/or Chl. a >10 ug/L
Lagoon Moderate .
Nutrients for 2-6 consecutive months
- Average monthly TN > 3 mg/L and/or TN > 0.3 mg/L and/or Chl. g >15
Significant .
pg/L for 6-18 consecutive months
Verv sianificant Average monthly TN > 3 mg/L and/or TN > 0.3 mg/L and/or Chl. a >15
Y519 pg/L for >18 consecutive months (LAC exceeded)
<1 mg/L Total Nitrogen (TN) and <0.1 mg/L Total Phosphorus (TP) and
Insignificant Chlorophyll a (Chl. @) <5 pg/L as per Australian Water Quality Guidelines
(2018)(RCT)

Coorong Minor Average monthly TN >1 mg/L and/or TP > 0.1 mg/L and/or Chl. a >5 pg/L
North for <2 months
Lagoon Average monthly TN >1 mg/L and/or TP > 0.1 mg/L and/or Chl. a >5 pg/L

. Moderate .
Nutrients for 2-6 consecutive months
L Average monthly TN > 2 mg/L and TN > 0.2 mg/L and/or Chl. a >10 ug/L
Significant .
for 6-18 consecutive months
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Verv sianificant Average monthly TN > 2 mg/L and TN > 0.2 mg/L and/or Chl. @ >10 ug/L
Y519 for >18 consecutive months (LAC exceeded)

Table 8.2 Default Australian Water Quality Guideline (2018) trigger values for physical and chemical

stressors for south central Australia — low rainfall areas — for slightly disturbed estuarine and marine
ecosystems.

Trigger values are used to assess risk of adverse effects due to nutrients, biodegradable organic matter and pH
in various ecosystem types.

Ecosystem type | Chl. A (ug/L) | TP (mg/L) | TN
(mg/L)

Estuarine 5 0.1 1

Marine 1 0.1 1
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Figure 8.1 TN, TP and chlorophyll a versus
salinity in the Coorong.

The proposed thresholds for TN (1, 2, 3 mg/L), TP
(0.1, 0.2, 0.3 mg/L) and Chlorophyll a (5, 10, 15
Mg/L) respectively are shown as the horizontal lines
on the plots. The diagonal line represents the
AWQG (2018) guideline extrapolated to higher
salinity as described in the text (e.g. doubling
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Figure 8.2 Cumulative frequency plots.

The proposed thresholds for TN (1, 2, 3 mg/L), TP
(0.1, 0.2, 0.3 mg/L) and Chlorophyll a (5, 10, 15
pg/L) respectively are shown as the vertical lines on
the plots.
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E. The risk profile for CIIP options/scenarios across a range of inflow conditions.

The inherent risk that assumes a no-build scenario (Pre) is compared against the residual risk (Post) under a
CIIP option/scenario for each end-point. Risk was categorised as low (green), medium (orange) and high (red).
The Benefit column highlights where the CIIP option/scenario changed the risk level, with a positive change of
one category shown in light green and a positive change of two categories shown in dark green. If the CIIP
option/scenario caused a negative change in the risk category this was marked in orange. Direction shows the
impact of the CIIP option/scenario irrespective of a positive of negative change in the risk level, a positive
change is shown in green and a negative change in red.

CIIP option/scenario
10 x 1.5m pipes
10 x 1.5m pipes
10 x 1.5m pipes
10 x 1.5m pipes

10 x 1.5m pipes
10 x 1.5m pipes
10 x 1.5m pipes

10 x 1.5m pipes
10 x 1.5m pipes
10 x 1.5m pipes
10 x 1.5m pipes
10 x 1.5m pipes

10 x 1.5m pipes
Constantly In500_Dredge
Constantly In500_Dredge

Constantly In500_Dredge
Constantly In500_Dredge
Constantly In500_Dredge

Constantly In500_Dredge

Constantly Out250_Dredge
Constantly Out250_Dredge
Constantly Out250_Dredge
Constantly Out250_Dredge

Constantly Out250_Dredge
Constantly Out250_Dredge
Constantly Out250_Dredge

Constantly Out250_Dredge
Constantly Out250_Dredge

Inflow
condition

Dry
Dry
Dry
Dry

Dry
Observed
Observed

Observed
Typical
Typical
Typical
Typical

Typical
Extra dry
Extra dry

Extra dry
Observed
Observed

Observed
Dry
Dry
Dry
Dry

Dry
Extra dry
Extra dry

Extra dry
Observed

Benefit

End-point Pre Post
CNL Nutrients --
CNL salinity -
CSL Nutrients --
CSL water --
levels
CNL salinity
CSL salinity
CSL water
CNL Nutrients --
CNL salinity -
CSL Nutrients -
CSL salinity
CSL water
CNL salinity
CSL salinity
CSL water
levels
CNL salinity
CSL water --
levels
CNL Nutrients --
cNLsatinity I
CSL Nutrients --
| e

CSL salinity

levels --
levels

CSL salinity

CSL salinity

CSL water
levels

CNL salinity
CSL salinity
CSL water
levels

CNL salinity

Direction
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Inflow

CIIP option/scenario condition End-point Pre Post | Benefit Direction
Constantly Out250_Dredge | Observed CSL salinity --_
Constantly Out250_Dredge Typical CNL Nutrients --
Constantly Out250_Dredge | Typical CNL salinity --_
Constantly Out250_Dredge Typical CSL Nutrients --
Constantly Out250_Dredge Typical CSL salinity --_

CSL water
Constantly Out250_Dredge | Typical levels
Constantly Out500_Dredge Observed CNL salinity
Constantly Out500_Dredge Observed CSL salinity --_

CSL water --
Constantly Out500_Dredge Observed levels
Constantly_In125 Observed CNL salinity
Constantly_In125 Observed CSL salinity -

CSL water --
Constantly_In125 Observed levels
Constantly_In250 Dry CNL Nutrients --
Constantly_In250 Dry CNL salinity --
Constantly_In250 Dry CSL Nutrients --
Constantly_In250 Dry CSL salinity -

CSL water --
Constantly_In250 Dry levels
Constantly_In250 Typical CNL Nutrients --
Constantly_In250 Typical CNL salinity --
Constantly_In250 Typical CSL Nutrients --
Constantly In250 Typical CsLsalinity [

CSL water
Constantly_In250 Typical levels -
Constantly_In250_Out250 Dry CNL Nutrients --
Constantly_In250_Out250 | Dry CNLsalinity [
Constantly_In250_Out250 Dry CSL Nutrients --
Constantly_In250_Out250 | Dry CSLsalinity [

CSL water
Constantly_In250_Out250 Dry levels --
Constantly In250_0ut250  Typical CNL Nutrients R
Constantly_In250_Out250 Typical CNL salinity -
Constantly_In250_Out250 Typical CSL Nutrients --
Constantly_In250_Out250 Typical CSL salinity --

CSL water -
Constantly_In250_Out250 Typical levels
Constantly_In500 Observed CNL salinity
Constantly_In500 Observed CSL salinity -

CSL water --
Constantly_In500 Observed levels
Constantly_Out125 Dry CNL Nutrients --
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Inflow

CIIP option/scenario condition End-point Pre Post | Benefit Direction
Constantly_Out125 Dry CNL salinity -
Constantly_Out125 Dry CSL Nutrients --
Constantly_Out125 Dry CSL salinity -

CSL water
Constantly_Out125 Dry levels --
Constantly_Out125 Observed CNL salinity
Constantly_Out125 Observed CSL salinity -

CSL water
Constantly_Out125 Observed levels --
Constantly_Out125 Typical CNL Nutrients --
Constantly_Out125 Typical CNL salinity -
Constantly_Out125 Typical CSL Nutrients --
Constantly_Out125 Typical CSL salinity -

CSL water -
Constantly_Out125 Typical levels
Constantly_Out250 Dry CNL Nutrients --
Constantly_Out250 Dry CNL salinity -
Constantly_Out250 Dry CSL Nutrients --
Constantly_Out250 Dry CSL salinity -

CSL water --
Constantly_Out250 Dry levels
Constantly_Out250 Observed CNL salinity
Constantly_Out250 Observed CSL salinity -

CSL water --
Constantly_Out250 Observed levels
Constantly_Out250 Typical CNL Nutrients --
Constantly_Out250 Typical CNL salinity --_
Constantly_Out250 Typical CSL Nutrients --
Constantly_Out250 Typical CSL salinity --_

CSL water
Constantly_Out250 Typical levels
Constantly_out250Round Observed CNL salinity
Constantly_out250Round Observed CSL salinity -

CSL water
Constantly_out250Round Observed levels --
Dredge Dry CNL Nutrients --
Dredge Dry CNL salinity --
Dredge Dry CSL Nutrients --
Dredge Dry CSL salinity -

CSL water --
Dredge Dry levels
Dredge Observed CNL salinity
Dredge Observed CSL salinity -
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Inflow
CIIP option/scenario condition End-point Pre Post | Benefit Direction
CSL water --
Dredge Observed levels
Dredge Typical CNL Nutrients --
Dredge Typical CNL salinity -
Dredge Typical CSL Nutrients --
Dredge Typical CSL salinity -
CSL water
Dredge Typical levels
DredgeParnka Observed CNL salinity
DredgeParnka Observed CSL salinity -
CSL water --
DredgeParnka Observed levels
DredgePelican Observed CNL salinity
DredgePelican Observed CSL salinity --
CSL water --
DredgePelican Observed levels
Lake Albert Connector --
dredge Dry CNL Nutrients
Lake Albert Connector -
dredge Dry CNL salinity
Lake Albert Connector --
dredge Dry CSL Nutrients
Lake Albert Connector -
dredge Dry CSL salinity
Lake Albert Connector CSL water --
dredge Dry levels
Lake Albert Connector -
dredge Observed CNL salinity
Lake Albert Connector -
dredge Observed CSL salinity
Lake Albert Connector CSL water --
dredge Observed levels
Lake Albert Connector --
dredge Typical CNL Nutrients
Lake Albert Connector ---
dredge Typical CNL salinity
Lake Albert Connector --
dredge Typical CSL Nutrients
Lake Albert Connector ---
dredge Typical CSL salinity
Lake Albert Connector CSL water -
dredge Typical levels
Lake Albert Connector --
realistic Dry CNL Nutrients
Lake Albert Connector -
realistic Dry CNL salinity
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Inflow
CIIP option/scenario condition End-point Pre Post | Benefit Direction
Lake Albert Connector --
realistic Dry CSL Nutrients
Lake Albert Connector --
realistic Dry CSL salinity
Lake Albert Connector CSL water --
realistic Dry levels
Lake Albert Connector -
realistic Observed CNL salinity
Lake Albert Connector -
realistic Observed CSL salinity
Lake Albert Connector CSL water --
realistic Observed levels
Lake Albert Connector --
realistic Typical CNL Nutrients
Lake Albert Connector ---
realistic Typical CNL salinity
Lake Albert Connector --
realistic Typical CSL Nutrients
Lake Albert Connector -
realistic Typical CSL salinity
Lake Albert Connector CSL water
realistic Typical levels
Pump in and out 0.2-0.1 Observed CNL salinity
Pump in and out 0.2-0.1 Observed CSL salinity --_
CSL water --
Pump in and out 0.2-0.1 Observed levels
Pump in and out 0.3-0.15 Dry CNL Nutrients --
Pump in and out 0.3-0.15 Dry CNL salinity --
Pump in and out 0.3-0.15 Dry CSL Nutrients --
Pump in and out 0.3-0.15 Dry CSL salinity -
CSL water -
Pump in and out 0.3-0.15 Dry levels
Pump in and out 0.3-0.15 Typical CNL Nutrients --
Pump in and out 0.3-0.15 Typical CNL salinity --
Pump in and out 0.3-0.15 Typical CSL Nutrients --
Pump in and out 0.3-0.15 Typical CSL salinity -
CSL water
Pump in and out 0.3-0.15 Typical levels
Pump out above 0.2m Dry CNL Nutrients --
Pump out above 0.2m Dry CNL salinity -
Pump out above 0.2m Dry CSL Nutrients --
Pump out above 0.2m Dry CSL salinity -
CSL water --
Pump out above 0.2m Dry levels
Pump out above 0.2m Typical CNL Nutrients --
Pump out above 0.2m Typical CNL salinity --_
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Inflow

CIIP option/scenario condition End-point Pre Post | Benefit Direction
Pump out above 0.2m Typical CSL Nutrients --
Pump out above 0.2m Typical CSL salinity -

CSL water -
Pump out above 0.2m Typical levels
Pump out above 0.3m Observed CNL salinity
Pump out above 0.3m Observed CSL salinity -

CSL water --
Pump out above 0.3m Observed levels
SE_1975_Augment Dry CNL Nutrients --
SE_1975_Augment Dry CNLsalinity R
SE_1975_Augment Dry CSLNutrients R
SE_1975_Augment Dry CSL salinity -

CSL water --
SE_1975_Augment Dry levels
SE_1975_Augment Typical CNL Nutrients --
SE_1975_Augment Typical CNL salinity -
SE_1975_Augment Typical CSL Nutrients --
SE_1975_Augment Typical CSL salinity -

CSL water
SE_1975_Augment Typical levels
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