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FOREWORD

The Department of Environment, Water and Natural Resources (DEWNR) 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.

DEWNR's strong partnerships with educational and research institutions, industries, government
agencies, Natural Resources Management 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.

Sandy Pitcher
CHIEF EXECUTIVE
DEPARTMENT OF ENVIRONMENT, WATER AND NATURAL RESOURCES
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EXECUTIVE SUMMARY

The Lake Eyre Basin River Monitoring (LEBRM) project was developed to collate a baseline of
scientific knowledge around the hydrology and ecology of aquatic ecosystems in the LEB and to
improve knowledge in regions where coal-bearing deposits are located. The overarching goal
of the LEBRM project is to establish an advanced and up-to-date platform of hydrological and
ecological knowledge that can form part of the detailed modelling, impact and risk analysis
needs of LEB bioregional assessments?.

The LEBRM Project uses a conceptual modelling approach to illustrate the key aquatic
ecosystem types in the Lake Eyre Basin and their potential vulnerability to Coal Seam Gas (CSG)
and Large Coal Mining Development (LCM) related activities. Models developed as part of this
approach guide the development of indicators and thresholds of potential concern, as well as
assisting to evaluate knowledge and data gaps within the LEB.

Two types of models have been developed as part of the LEBRM conceptual modelling task in
accordance with the Integrated Science and Management Framework (ISMF) (McNeil and
Wilson, 2014) including:
e Hydro-ecological models describing the components and processes attributes of key
aquatic ecosystem asset types (consistent with the Ramsar Wetlands Convention, DSE
2005, and National Framework and Guidance for Describing the Ecological Character of
Australian Ramsar Wetlands, DEWHA 2008).%3
e Pressure-Stressor (PS) models identifying the impacts specific to key CSG/LCM activities
(pressures) and the mechanisms through which these pressures cause stress to the
environment (stressor).

This report presents the conceptual models developed as part of the LEBRM Project.

An accompanying report, LEBRM Conceptual Modelling Approach (Imgraben and McNeil, 2014)
describes the scope of the models and the methodology used to develop the models as part of
the LEBRM project.

The Australian Government is undertaking Bioregional Assessments to elucidate the potential impacts of coal seam gas and coal

mining on water resources and related assets. Refer http.//www.bioregionalassessments.gov.au/

2 National Guidelines http.//www.environment.gov.au/water/wetlands/ramsar/implementing-national-framework

3See terminology in http.//www.ramsar.org/sites/default/files/documents/pdf/res/key res ix 01 annexa e.pdf
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1.

HYDRO-ECOLOGICAL MODELS

For a description of the methodology used to develop the hydro-ecological models please refer
to accompanying report ‘Towards a Conceptual Modelling Approach’ (Imgraben and McNeil,

2014).

Flow chart (box and arrow) and pictorial (diagrammatic) Adobe® Illustrator® models have been
developed and presented in draft format for the following aquatic ecosystem types:

Department of Environment, Water and Natural Resources | Technical report 2015/41

Waterholes (during flooding phase)

In-channel habitats (watercourses) (during flooding phase)
Connected basin systems

0 Lakes (during flooding phase)

o Terminal Lakes (during flooding phase)

o Swamps(during flooding phase)

Farm dams

Isolated basin systems

o Saline lakes

o Clay pans
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1.1. WATERHOLES

Generic Waterhole (LEB)

Components

twooo

. oe
A

ne® e
Y

Lifgh gy

In-channel topography and substrate

Banks
Cease-to-flow landforms

Riparian growth
Variable water chemistry
Algae and biofilms
Invertebrates

Fish

Birds

Terrestrial fauna

Frogs

Macrophytes

Woody debris and root masses

Waterholes are habitats within a river channel that hold water once flow stops. Some waterholes may represent the only aquatic habitat available to
biota during dry periods, and may be important for migration and breeding dynamics of populations

- @

Processes

@ High temperatures and evaporation along with low and variable rainfall result in variable stream hydrology which drives
waterhole form, function and persistence

@ Variable patterns of connection and disconnection across the landscape is a key driver of waterhole function and ecology

@ Some waterholes may act as a refuge for biota during periods of low or no flow and may be important for maintaining
populations at a Basin scale

® Groundwater interaction () is driven by substrate permeability and depth to water table and will vary depending on location

Algal production is an integral part of waterhole food webs and is largely driven by turbidity. In some habitats algae forms a
‘bath tub ring’ around shallow areas and on snags and fallen branches '\-f

(9) Boom and bust populations of biota »ﬁ’ are associated with flooding

@ Sediment supply © = .. mnleadlosedimentaﬁonofmewaterholel

Connectivity

Lake Eyre Basin rivers are a complex network of intermittent channels, floodplains and waterholes, which are connected during
periods of flow. The natural fragmentation of these systems during dry periods is what shapes community dynamics and composition
as well as differences in water quality. Waterholes may or may not interact with groundwater.

Key threats (coal mining related)
Surface water extraction, diversion and capture, groundwater extraction

Figure 1: Generic diagrammatic conceptual for waterholes in the Lake Eyre Basin during flooding phase
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Generic Waterhole (LEB) |climate: Landscape

- Low and variable rainfall geomorphology:
- High temperatures _| Variable stream | _ _ - - Local terrain
i ) > < »  Connectivity
- High evaporation rates hydrology - Valley boundary
- Confinement

- Position in catchment
I

\ 4 v
Hydrology: v Los:al geomorphology:
- Riverine input Variable F5ize
Sediment supply < Erosion < - Flow regime < groundwater (€ ) SDe;)th L —
- Perdsenes input - Substrate permeability
- Banks
- Cease-to-flow landforms
Dispersal,
colonisation and <
migration of biota
Primary
production and
trophic dynamics
v
v Biota: v v
Boom and bust - Invertebrates Physical habitat: Water quality:
population - Fish - Benches - Variable turbidity
dynamics - Birds. - Root masses - Evaporation increases
+ ~ il <« - Large woody debris —»| solutes, especially salinity |«
AR L - Pools -bo
Refuge :ﬁ/:ii:;ligsomms - Riparian structure S Temperature
o= - Macrophyte structure - Nutrients
- Terrestrial biota
v v
Egg and seed |:| Driver
bank Biotic interactions
replenishment |:| Component
|:| Process

Figure 2: Generic hydro-ecological flow chart model for waterholes in the Lake Eyre Basin
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1.2. IN-CHANNEL HABITATS

Generic In-Channel Habitat (LEB) in channel habitats include the watercourse (or river) itself as well as the riparian vegetation that is associated with it.

Components Processes
(‘D In-channel topography and substrate High temperatures and evaporation 1 along with low and variable rainfall result in variable stream hydrology which drives
@ Batita in-channel eoology . ‘ . . . ‘
Most water is supplied from upstreamv , local rainfall inputs and groundwater interactions () are variable
* Rlgarian dnowh Riparian vegetation is a major determinant of channel morphology, as well as for in-channel and terrestrial ecology
@ Variable water chemistry

In large floods there will be lateral connection with the floodplain which leads to an exchange of nutrients and sediments, as
well as high productivity

“:ls Algae and biofil b : a2y . _ e
3L 5 e Connectivity of the river network leads to recolonisation of fish and other biota from refuge habitats, as well as migration and

CICACNCICICRC)

breeding
; High algal diversity and production ~~ -~ is often related to periods of flow
ﬁﬁ Invertebrates
Boom and bust populations of biota v‘—‘%' are associated with flooding
»=>  Fish =
f e Connectivity
h s
Lake Eyre Basin rivers are a complex network of intermittent channels, floodplains and waterholes, which are connected during
Reptiles periods of flow. The natural fragmentation of these systems during dry periods is what shapes community dynamics and composition

as well as differences in water quality.

g
L Terestrial fauna
Key threats (coal mining related)
3 Fiogs Surface water extraction, diversion and capture
Y’  Woody debris and root masses Discharge to surface water

Figure 3: Generic diagrammatic conceptual model for in-channel habitats in the Lake Eyre Basin during flooding phase
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Generic In-channel |Climate: Landscape

habitat (LEB) - I;‘ov:‘and variable rainfall Variabl gtomtla:pho!ogy:
- High temperatures ariable stream - - Local terrain
> «—> D
- High evaporation rates hydrology Connectivity - Valley boundary
- Confinement

- Position in catchment

y

v i Los:al geomorphology:
Hydrology: Variable N
Sediment supply € Erosion < - Flow regime - — - Depth
N N - Persistence - grou - Substrate permeability
AU - Banks
- Cease-to-flow landforms
Dispersal,
colonisation and (<
migration of biota
Primary
production and
trophic dynamics
v
v Biota: v v
Boom and bust - Invertebrates Physical habitat: Water quality:
population - Fish - Benches - Variable turbidity
dynamics . Birds. - Root masses - Variable salinity
v - el < - Large woody debris » - DO limits aquatic biota <
- Frogs _Pools - Temperature
Refuge :itljgoape]aamk;cl,)?o S - Riparian structure - Nutrients
- Macrophyte structure
- Macrophytes
- Terrestrial biota

v v
Egg and seed Driver
bank Biotic interactions
replenishment Component
Process

Figure 4: Generic hydro-ecological flow chart for in-channel habitats in the Lake Eyre Basin
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1.3. CONNECTED BASIN SYSTEMS

1.3.1. LAKES

Generic Connected Lake (LEB)

Connected lakes are basin landforms that are filled with water (possibly from a number of sources) but are connected, at least intermittently,
to the wider river system

Components

(1)  sediments

(Z)  Aauifer (possible interaction)
? Riparian growth

@& Variable water chemistry

S Agae
iﬁ*ﬁg Invertebrates
»==  Fish
# % Bis
b Terestial fauna
J8 s

% Macrophytes (generally sparse)

Processes
@ High temp and porati t along with, wind and low and variable rainfall drives lake form, function and persistence
@ Connectivity to other waterbodi lies the majority of flow. Variable patterns of connection and disconnection across the

landscape is a key driver of lake function and ecology
@ Connected lakes have some degree of flushing as water moves through the system

@ Salinity is variable within and between lakes, and often increases as the water level falls. This conductivity gradient influences
the biotic community

® Boom and bust populations of biota ’:@:‘ are associated with flooding

Algal production is an integral part of lake food webs and is largely driven by turbidity. In some habitats algae forms a
‘bath tub ring’

(9) Where turbidity is high =

. , heterotrophy may be the main source of energy to the system

-

@ Microbial processes are likely to mediate organic matter decomposition, nutrient transformation and other trophic processes

Connectivity

Lake Eyre Basin rivers are a complex network of intermittent channels, floodplains and waterholes, which are connected during
periods of flow. The natural fragmentation of these systems during dry periods is what shapes community dynamics and composition
as well as differences in water quality. Lakes may or may not interact with groundwater.

Key threats (coal mining related)

Surface water extraction, di ion and capture. G dwati ion

Diagram modified (with permission) from the Arid-zone Lakes model in: Scholz and Fee (2008) A Framewaork for the Identification of Wetland Candition indicators: A Natienal Trial - South Australia. Report DEP19,
Government of South Australia, through Department of Water, Land and Biodiversity Conservation, Adelaide.

Figure 5: Generic diagrammatic conceptual model for connected lakes in the Lake Eyre Basin during flooding phase
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Connected lakes (LEB)

Climate: - Landscape
. . Variable
- Low and variable rainfall ] N - Geomorphology:
- High temperatures ” hvdrolo - Catchment geology
- High evaporation rates Y Y - Position in catchment
|
Connectivity »| Sediment supply
|
A 4 A 4
Recolonisation Riverine input Variable
and migration of |« dominant water groundwater and
biota supply rainfall input
|
v Geomorphology l
X - Size .
Flow regime > Depth < > Persistence
- Riparian structure v
h 4 v Water Quality:
Boom and bust Physical Habitat: - Initially fresh but variable
population - Open water, up to 2.5 m deep with drawdown
dynamics - Sparse macrophyte growth < > - Variable turbidity
- High littoral benthic production - Variable temperature
- Nutrients
-pH
v v
Biota: Microbial »
- Invertebrates processes [~
- Fish 7
- Waterbirds (migratory and -
Biotic int ti < non-migratory) Ry
iotic interactions < il production and Driver
trophic dynamics
- Frogs Component
- Algae E
gg and seed
- Macrophytes bank Process
replenishment

Figure 6: Generic hydro-ecological flow chart for connected lakes in the Lake Eyre Basin
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1.3.2. TERMINAL LAKES

Generic Terminal Lake (LEB)

Waterholes are habitats within a river channel that hold water once flow stops. Some waterholes may represent the only
aquatic habitat available to biota during dry periods, and may be important for migration and breeding dynamics of populations

Components
(1)  Surficial sediments

? Riparian growth
@+ Variable water chemistry

»=>  Fish

# % Bias
k Frogs

;ﬁ#ﬁ%‘ Invertebrates

Processes

® High temperatures and evaporation along with low and variable rainfall result in variable stream hydrology which drives
waterbody ecology

Terminal depression lakes are fed by rivers, are shallow and turbid and are generally heterotrophic in the main water body
and autotrophic at the margins

@ River inflow brings nutrients @ , sediments = , organic carbon r and organisms
@ Boom and bust populations of biota »‘-"@;‘ are associated with flooding
@ Channels are prone to drying up and therefore the lake can easily be isolated from river flow

@ Vegetation can cover much of the lake
-
Sediment supply' e =~ can lead to sedimentation of the Iakel

Connectivity
Lake Eyre Basin rivers are a complex network of intermittent channels, floodplains and waterholes, which are connected during
periods of flow.

Key threats (coal mining related)
Surface water extraction, diversion and capture

Groundwater extraction

Diagram medified (with permission) from the Terminal Depression Lakes meodel in: Scholz and Fee (2008) A Framework for the Identification of Wetland Condition Indicators: A National Trial — South Australia.
Report DEP19, Government of South Australia, through Department of Water, Land and Biodiversity Conservation, Adelaide.

Figure 7: Generic diagrammatic conceptual model for terminal lakes in the Lake Eyre Basin during flooding phase
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Terminal lakes (LEB)

Recolonisation

Climate:

- Low and variable rainfall
- High temperatures

- High evaporation rates

Landscape
Geomorphology:

- Catchment geology
- End of system depression

v
Riverine input

and migration of |«
biota

v
Boom and bust

\ 4

population
dynamics

Microbial
processes

—>» production and

) 4
Primary

trophic dynamics

dominant water
supply
[

) 4
Variable
groundwater and
rainfall input

v

Hydrology:

- Riverine input
- Flow regime le——
- Persistence

A 4

A 4

Sediment supply

\ 4

Physical Habitat:
- Shallow water
- High macrophyte cover

I

\ 4

Geomorphology

- Size

- Shallow depression
- Clay

Water Quality:
- initially fresh but variable
with drawdown

Biota:
- Macroinvertebrates
- Fish

_|- Waterbirds (migratory and

non-migratory)
- Reptiles
- Frogs
- Macrophytes

- High turbidity
- Variable temperature

» Biotic interactions

Egg and seed
bank
replenishment

A 4

Figure 8: Generic hydro-ecological flow chart for terminal lakes in the Lake Eyre Basin
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1.3.3. SWAMPS

Generic Connected Swamps (LEB)

Connected swamps are associated with the river and generally occur on floodplains, the extent and duration of inundation varies greatly
between swamps leading to a variation in diversity of swamp habitats

Components
(1) sediments (generally fluvial)
@& variable water chemistry
%‘ Riparian growth
‘\‘\'r Macrophytes
»==>  Fish
% Bis
WW Invertebrates
b Frogs

Terrestrial fauna

Processes
® High temperatures and evaporation f along with low and variable rainfall result in variable hydrology and persistence of
swamps

@ Swamps are connected to the river, at least intermittently, and receive water inputs from river flow as well well as from
local rainfall and overland flow

@ Swamps may be dominated by trees and woody vegetation, these usually receive large amounts of water or are flooded more
frequently

@ Swamps may be dominated by shrubs such a lignum, these are usually found in areas that receive less frequent flooding

@ Swamps may be dominated by grasses, sedges and herbs
® Boom and bust populations of biota Q are associated with flooding

Connectivity

Lake Eyre Basin rivers are a complex network of intermittent channels, floodplains and waterholes, which are connected during
periods of flow. The natural fragmentation of these systems during dry periods is what shapes community dynamics and composition
as well as differences in water quality.

Key threats (coal mining related)

Surface water extraction, diversion and capture, groundwater extraction

Site establishment and traffic

Diagram modified (with permission) from the Arid-zone swamps model in: Scholz and Fee (2008) A Framework for the Identification of Wetland Condition Indicators: A National Trial — South Australia.
Report DEP19, Government of South Australia, through Department of Water, Land and Biodiversity Conservation, Adelaide.

Figure 9: Generic diagrammatic conceptual model for connected swamps in the Lake Eyre Basin during flooding phase
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Connected swamps (LEB)

Recolonisation
— and migration of

Landscape

- Position in catchment

Biotic interactions

Connectivity

Nutrient,
sediment and

Climate: -
- Low and variable rainfall Variable Geomorphqlogy:
. > stream < - Local terrain
AR hydrology - Confinement
- High evaporation rates
v
Riverine input Variable |
< dominant water groundwater and (<«
supply rainfall input
\4 h 4
Boom and bust
> population < Flow regime —€—» Persistence
dynamics
\ 4
Biota:
- Macroinvertebrates \4
- Fish Water Quality:
- Birds - variable salinity
- Reptiles P - high turbidity P -
- Frogs [~ - high temperatures N 4
- Terrestrial fauna - initial high nutrient
- Macrophytes concentration with flooding
- Riparian and floodplain
vegetation
Seed and egg
banks
»  Recruitment [«

Figure 10: Generic hydro-ecological flow chart for connected swamps in the Lake Eyre Basin
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1.4. FARM DAMS

B ’ Farm dams are artificially created and may be large or small depending on use and location. They may be used for stock watering, pasture or crop
m‘m M m irrigation, inland aquaculture, and recreationcreated and

Components
(1)  Ssize and depth is varies greatly
@& Variable water chemistry
* Riparian growth
»=>  Fish
f % Birss
sl Terrestrial fauna
B Froos
5t Macrophytes
m Yabbies
" Turtles

Sy @

Processes

@ High temperatures and evaporation along with low and variable rainfall result in variable ecology of farm dams
(3) Some farm dams may be connected to the river system and receive water from river flow

(4) sSome farm dams may be fed by local rainfall, springs or groundwater

@ Water quality is highly variable between and within farm dams, and is strongly influenced by surrounding land use
@ The presence of water in dams may provide a refuge or migration pathway for biota such as turtles

Connectivity

Lake Eyre Basin rivers are a complex network of intermittent channels, floodplains and waterholes, which are connected during
periods of flow. Farm dams may or may not be connected to the wider river system or groundwater, and may have multiple water
sources.

Key threats (coal mining related)

Surface water diversion and capture

Groundwater extraction

Site establishment and traffic

Figure 11: Generic diagrammatic conceptual model for farm dams in the Lake Eyre Basin
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Generic Farm Dam (LEB)

Geomorphology and i .
TorPRoTosy Climate: ) . Connected to river .
__|habitat: - Low and variable rainfall o Spring or groundwater
X system with river flow
- Catchment area - High temperatures T, fed
- Surrounding land use - High evaporation rates
A
. Migration
Persistence » pa%chway —
A
Water Quality:
. . > Refuge —
Highly variable g

Flora: B::ota:
Highly variable, emergent and : rogs.

- Yabbies
submerged macrophytes and > Turtl
riparian vegetation may be : Bu:j €s
present - Biras

- Fish

|:| Driver
|:| Component
|:| Process

Figure 12: Generic hydro-ecological flow chart for farm dams in the Lake Eyre Basin
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1.5. ISOLATED BASIN SYSTEMS

1.5.1. SALINE LAKES

Generic Saline Lake (LEB) Saline lakes generally form in isolated basin landforms and have a high salinity

>

Components
@ Sand and clay substrate

Aquifer (interaction may vary)

Salt crust

Riparian growth

Variable water chemistry

Algae and biofilms

Invertebrates (crustaceans, insects)
Fish (often specialised species)
Birds

Salinity
Saline: 1 - 10 gL-1 (McEvoy and Goonan, 2003,
and Williams et al., 1990)

Hypersaline: > 10 gL-1. (Williams et al. 1990)

Processes
@ High temperatures and evaporation along with low and variable rainfall structure salinity gradients in saline lakes

@ Overland flow is often the most important input of water, sediments and nutrients to the system. Groundwater inputs vary
between lakes

@ Water is generally clear (low turbidity) with deep light absorption '

® Saline lakes have variable water chemistry, but temperatures l and conductivity A are generally high

Boom and bust populations of biota @W are associated with flooding and result in high abundances of certain species,

however species diversity is generally low

@ Many species have desiccation resistant eggs or seeds #fig, which form seed and egg banks in and around the lake

Connectivity

These systems are generally isolated from the wider river systems of the Lake Eyre Basin, and recieve most water from the
surrounding local landscape. Groundwater input varies between lakes but may be significant in some areas.

Key threats (coal mining related)
Site establishment and traffic

Discharge to surface water
Groundwater extraction

Diagram modified (with permission) from the Arid-zone Lakes model in: Scholz and Fee (2008) A Framework for the identification of Wetland Condition Indicators: A National Trial - South Australia.
Report DEP19, Government of South Australia, through Department of Water, Land and Biodiversity Conservation, Adelaide.

Figure 13: Generic diagrammatic conceptual model for saline lakes in the Lake Eyre Basin during flooding phase
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Saline lakes (LEB)

Climate:

- Low and variable rainfall
- High temperatures

- High evaporation rates

Landscape

Geomorphology:
- Catchment geology
- Position in catchment

Connectivity
(isolated from wider
river system)

v

- Alkaline

Physical Habitat:
- Open water

- Limited riparian vegetation
- Substrates
- Depth

specialised fauna)
- Waterbirds
- Algae and diatoms
- Benthic microbial mats

Figure 14: Generic hydro-ecological flow chart saline lakes in the Lake Eyre Basin
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1.5.2. CLAY PANS

Generic Clay Pan (LEB) Clay pans form in shallow depressions and have a high clay content so are generally impermeable

Components

fach,  Low salinity
. High turbidity
&'_'é Variable water temperature

ﬁ Invertebrates (crustaceans)

* Birds (especially waders)

.

_b Frogs and tadpoles

* Insects

h Terrestrial fauna

Processes

@ High temperatures wind, and evaporation along with low and variable rainfall drive clay pan ecology and physico-chemical
dynamics

@ Water inputs typically come from local runoff and direct rainfall

@ Clay pans vary in size and may have fringing dunes/lunettes, as well as some fringing vegetation

® Conductivity and turbidity influences food webs and biota

Boom and bust populations of crustaceans and insects are associated with inundation, particularly those species that have
desiccation resistant eggs

Connectivity

Clay pans are generally isolated from the wider river systems in the Lake Eyre Basin and rely on rainfall and runoff from the
surrounding local landscape for water inputs.

Key threats (coal mining related)
Site establishment and traffic

Figure 15: Generic diagrammatic conceptual model for clay pans in the Lake Eyre Basin
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Claypans (LEB)

Climate: Landscape Hydrological inputs:
- Low and variable rainfall Geomorphology: - dominated by inputs
- High temperatures - Shallow depressions from rainfall and local
- High evaporation rates - High clay content runoff

A4 A 4

Flow regime |  Persistence

Y A 4 4
Migration of Emergence from Water Quality:
mobile biota egg banks - Usually fresh
- High turbidity
- Variable but generally high
temperatures
v
Boom and bust
population
dynamics

Biota:

- Crustaceans

- Insects

- Birds

- Frogs and tadpoles

- High variation in flora
between pans

A

|:| Driver
Jv |:| Component
Egg and seed |:| Process

bank
replenishment

Figure 16: Generic hydro-ecological flow chart clay pans in the Lake Eyre Basin
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2. PRESSURE-STRESSOR MODELS

For a description of the methodology used to develop the PS models, please refer to
Conceptual Modelling Approach.

Flow chart conceptual models have been developed and presented for the following CSG and
LCM development related pressures:

e Surface water extraction

e Surface water diversion

e Surface water capture

e Discharge to surface water
e Groundwater extraction

e Evaporation ponds

e Tailings dams

e Overburden management

e Site establishment and traffic

Department of Environment, Water and Natural Resources | Technical report 2015/41 19
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2.1. SURFACE WATER EXTRACTION

MODIFIERS: Surface water extraction

- Season of extraction (supra
seasonal cycle)

- volume of extraction

- Rate of extraction

- Type of aquatic ecosystem

4

Surface water extraction

\ 4

Change to
Hydrograph
\ 4 \ 4
Change to hydrology: Change to geomorphology:
Provision of | _ Flow regime Size/surface area
refugia [~ Persistence Erosion/deposition
Connectivity Bank form/stability
\ 4
l Change in water quality:
\ 4 Turbidity
Change in Physical habitat: CURS FOk: Salinity
Deep water/pools lonic composition
2 /p Breeding and Migration and Seed and egg | <« . 2
Macrophyte structure X o Nutrients
- recruitment recolonisation bank renewal .
Riparian structure Contaminants
Sediment/substrate Dissolved oxygen
v Temperature
Aquatic biota:
Fish
Reptiles
» Macroinvertebrates <
Frogs
Birds (especially migratory) |:| Pressure
Macrophytes
Stressor
I
7 v |:| Component
Biotic
. Trophic
» community < Process
structurey processes

Figure 17: Generic PS flow chart for surface water extraction in the Lake Eyre Basin
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2.2. SURFACE WATER DIVERSION

MODIFIERS: Surface water diversion
- Volume of diversion

- Permanence of diversion

- Type of aquatic ecosystem
- Position in catchment

- Method of diversion

A 4

Surface water diversion

v v
Change to isied
e groundwater
interaction
v v
Change to hydrology: Change to geomorphology:
Provision of |_ Flow regime Fragmentation | _ Size/surface area
refugia | Persistence "] of habitat | Erosion/deposition
Connectivity Bank form/stability
v
l Change in water quality:
\ 4 Turbidity
ES FOR: .
Change in Physical habitat: QESEO Salinity
Deep water/pools lonic composition
i /p Breeding and Migration and Seed and egg | [€—— . .
Macrophyte structure . o Nutrients
L recruitment recolonisation bank renewal .
Riparian structure Contaminants
Sediment/substrate Dissolved oxygen
V Temperature
Aquatic biota:
Fish
Reptiles
» Macroinvertebrates <
Frogs
Birds (especially migratory) |:| Pressure
Macrophytes
Stressor
I
v v |:| Component
Biotic
. Trophic
» community €— . |:| Process
processes
structure
Figure 18: Generic PS flow chart for surface water diversion in the Lake Eyre Basin
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2.3.

MODIFIERS:
- Volume of storage
- Permanence of storage

SURFACE WATER CAPTURE

Surface water capture

- Type of aquatic ecosystem
- Position in catchment
- Method of capture

A 4

Surface water capture

Connectivity

v
Change in Physical habitat:
Deep water/pools
Macrophyte structure
Riparian structure
Sediment/substrate

v v
Change to lered
[ groundwater
interaction
v v
Change to hydrology: Change to geomorphology:
Provision of | Flow regime Fragmentation| _ Size/surface area
refugia ) Persistence "] of habitat Erosion/deposition

Bank form/stability

CUES FOR:

Breeding and
recruitment

Migration and
recolonisation

Seed and egg
bank renewal

v

Aquatic biota:
Fish
Reptiles

A 4

Frogs

Macrophytes

Macroinvertebrates

Birds (especially migratory)

A 4

Change in water quality:
Turbidity

Salinity

lonic composition
|Nutrients

Contaminants

Dissolved oxygen
Temperature

—

Biotic

Trophic

|:| Pressure
|:| Stressor
|:| Component

community
structure

v

<—
processes

Figure 19: Generic PS flow chart for surface water capture in the Lake Eyre Basin
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2.4. DISCHARGE TO SURFACE WATER

Discharge to Surface Water

MODIFIERS:

- Volume of discharge

- Type of discharge

- Type of aquatic ecosystem
- Season of discharge

- Rate of discharge

Discharge to surface water

A 4

v ¥ v
Change to Moblllsa.tlon ghsalt Discharge of
Hydrograph S sand treated water
yerograp sediments
Change to hydrology: Change to geomorphology:
Flow regime Size/surface area
Persistence Erosion/deposition
Connectivity Bank form/stability
l Change in water quality:
\ 4 _ Turbidity
Change in Physical habitat: CURS FOR: Salinity
Deep water/pools . . . L lonic composition
Macrophyte structure Breeding and Migration and Seed and egg | <— Nutrients >

recruitment recolonisation bank renewal

Riparian structure
Sediment/substrate

Contaminants
Dissolved oxygen

V Temperature
Aquatic biota:

Fish
Reptiles
Macroinvertebrates <

A 4

Frogs |:| Pressure
Birds (especially migratory)
Macrophytes |:| Stressor
|
¥ v |:| Component

Trophic Biotic |:| Process

A 4

e community
structure

Figure 20: Generic PS flow chart for discharge to surface water in the Lake Eyre Basin
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2.5. GROUNDWATER EXTRACTION

MODIFIERS: Groundwater extraction
- Volume of extraction
- nature of groundwater interaction

Groundwater extraction

A 4

- Season of extraction
- Rate of extraction
v
Altered
» Dewatering of groundwater/
Reduced base flow [« i e T
interaction
) 4 v
Change to hydrology: Change to geomorphology:
Provision of |_ Flow regime p Subsidence
refuge N Persistence N Sedimentation
Connectivity Bank form/stability
h 4
l Change in water quality:
) 4 . Turbidity
Change in Physical habitat: CUES FOR: Salinity
Deep water/pools lonic composition
P /p Breeding and Migration and Seed and egg | € . B
Macrophyte structure it o lonisati bank | Nutrients
e sknEe recruitmen recolonisation ank renewa Contaminants
Sediment/substrate Dissolved oxygen
V Temperature
Aquatic biota:
Fish
Reptiles
» Macroinvertebrates <
Frogs |:| Pressure
Birds (especially migratory)
Macrophytes |:| Stressor
|
¥ ¥ |:| Component
. Biotic
T
rophic N e |:| Process
processes
structure

Figure 21: Generic PS flow chart for groundwater extraction in the Lake Eyre Basin
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2.6. EVAPORATION PONDS

MODIFIERS: Evaporation ponds
- Design of storage

- Location of storage

- Volume of storage

- Quality of stored water
- Extreme natural events

A 4

Evaporation ponds

Y v

Change in water Spillage/ Discharge to
< Seepage . »
table levels overtopping surface water
: |
Change in water quality:
Salinity Change to hydrology:
_|lonic composition Flow regime
”|Contaminants Persistence
Temperature Connectivity
Nutrients

Aquatic biota:

Fish

Reptiles
Macroinvertebrates

Frogs

Birds (especially migratory)

M hyt
acrophytes |:| Pressure

| tressor
; | s

Biotic Component
Trophic .
» community
processes |:| Process
structure
Figure 22: Generic PS flow chart for evaporation ponds in the Lake Eyre Basin
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2.7. TAILINGS DAMS

MODIFIERS: Tailings dams
- Design of storage
- Location of storage

- Volume of storage ” T e
- Quality of stored water
- Extreme natural events |
4 v
Change i ill i
ange in water ¢ CEEre Spi age/ 5 Discharge to
table levels overtopping surface water

Y v

Change in water quality: A o e

Salinity .
. - Flow regime
. |lonic composition .
Persistence

”| contaminants L
Connectivity
Temperature
Nutrients
I

v

Aquatic biota:

Fish

Reptiles
Macroinvertebrates

Frogs

Birds (especially migratory)

Macrophytes |:| Pressure

l |:| Stressor

v
Biotic Trophic Component
community |«
structure processes |:| Process
Figure 23: Generic PS flow chart for tailings dams in the Lake Eyre Basin
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2.8. OVERBURDEN MANAGEMENT

- Design of storage

MODIFIERS: Overburden management

- Location of storage
- Composition of overburden
- Season

Y

Overburden management

- Extreme natural events

v v

v

Mobilisation of
Acid mine drainage sediments and
contaminants

Dust

v

Change in water quality:

v

Change in

groundwater/surface
water interaction

A 4

Salinity h 4 Change to geomorphology:
pH . Size/surface area
— lonic composition i Sii;?j;t —> Erosion/deposition >
Contaminants Bank form/stability
Dissolved oxygen
Turbidity
v
Aquatic biota:
Fish
Reptiles
Macroinvertebrates
Frogs
Birds (especially migratory)
Macrophytes
Terrestrial biota

Y v
Trophic - Blot|c.
processes » community

structure

Figure 24: Generic PS flow chart for overburden management in the Lake Eyre Basin
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2.9.

MODIFIERS:

- Size of development

- Nature of mining activity
- Location of development
- Existing infrastructure

SITE ESTABLISHMENT AND TRAFFIC

Site establishment and traffic

Site establishment and
traffic

v

Traffic

v

v v

Road construction

Land clearing

Pit excavation

v

Introduction of
pest species

!

Erosion and
sedimentation

Y

Change to geomorphology:

Size/surface area
Erosion/deposition
Bank form/stability

1

v

¥ v

Soil compaction

v

Increased runoff

volume and flow Chanee oo

Habitat removal

!

Change in water quality:
Salinity

Turbidity

» lonic composition
Contaminants

Nutrients

Temperature

velocity I
¢ 4
4 Change to hydrology: Change in
Sediment ;:)r:{;t‘?egr:cmee physical habitat
supply istenc availability and
Connectivity quality
v
v Fragmentation
Aquatic biota: of habitat
Fish
Reptiles
. |Macroinvertebrates »
Frogs
Birds (especially migratory)
Macrophytes |:| Pressure
Terrestrial biota |:|
Stressor
v v
Trophic Biotic |:| Component
» community
processes structure |:| Process

Figure 25: Generic PS flow chart for site establishment in the Lake Eyre Basin
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