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Surface Water and Aquatic Ecosystems

1 Introduction

This document has been prepared to provide surface water and aquatic ecology information supporting the
Surat Gas Project (SGP) Water Resource Monitoring and Management Plan (WRMMP). In particular, this
document summarises information addressing EPBC 2010/5344 (as varied 27 February 2025) approval
conditions:

e 17A(a): Parameters and a sampling regime to establish baseline data for surface water resources that
may be impacted by the action, including: surface water quality and quantity in the project area, and
upstream and downstream of potential impact areas; and for determining connectivity between surface
water and groundwater that may be impacted by the project.

o 17A(b): A best practice monitoring network that will enable the identification of spatial and temporal
changes to surface water parameters from baseline monitoring. This must enable monitoring of all
aquatic ecosystems that may be impacted by the action.

The document includes relevant information from the SGP Stage 1 Coal Seam Gas (CSG) Water Monitoring and
Management Plan (WMMP) (Arrow Energy, 2018), the SGP Updated WMMP (Arrow Energy, 2019), and
information / data collected since the SGP Updated WMMP was approved (22 November 2019).

2 Surface Water Resources baseline assessment

A desktop assessment (Appendix A) was carried out by NRA Environmental Consultants (NRA) to provide an
overview of aquatic ecology and ecosystems present within areas that may be affected by groundwater
depressurisation.

In general, the desktop assessment identified that environmental conditions with regards to aquatic ecology
and aquatic ecosystems were assessed as being highly disturbed, and there is not likely to be significant
impacts to aquatic ecosystems as a result of the SGP. Therefore, further detailed site assessment is not
considered to be required to inform potential impacts to aquatic ecosystems as a result of CSG
depressurisation.

Key findings from this assessment are summarised in the following sections.

Permanent, semi-permanent and ephemeral watercourses are present, with detailed field studies carried out
as part of the SGP Environment Impact Statement / Supplementary Report to the Environment Impact
Statement (EIS / SREIS) to characterise the range of site conditions. A total of 33 sites were assessed and of
those 33, 15 are located within the area of assessment, and water quality, aquatic habitats, macrophytes,
aquatic macroinvertebrate and fish surveys were carried out at all 15 of these sites.

The assessments found:

e Water quality characterised by reduced dissolved oxygen concentrations and elevated turbidity
indicative of drainage basin or catchment land use.

e No macroinvertebrates of conservation significance were reported.

e Macroinvertebrate communities/populations were relatively similar across sampling sites regardless of
land use and/or catchment area, and were typically characteristic of watercourses under altered
conditions, primarily water extraction.

o »
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Surface Water and Aquatic Ecosystems

e Twenty species of native macrophytes were reported across the broader EIS / SREIS study area, with 16
of these in the area of assessment. A single Aquatic Conservation Assessment (ACA) listed species
(Shiny Nardoo) (Marsilea mutica) was reported, along with three introduced species.

e Watercourses had generally uniform macrophyte communities of emergent and floating growth forms.
The lack of submergent macrophyte communities was representative of higher turbidity and fluctuating
water level. Bank erosion and livestock riparian zone disturbance were also factors in observed emergent
macrophyte distribution.

e 15 0f 20 known Condamine-Balonne native fish species were found during the EIS / SREIS field surveys,
including EPBC Act species Murray Cod (Maccullochella peelii peelii), and the ACA listed Eel-tailed
Catfish (Tandanus tandanus). Further species with local conservation significance were also collected
(Appendix A). Three introduced species were identified as being widespread across the EIS / SREIS study
area.

o Two turtle species, the Murray River Turtle (Emydura macquarii macquarii) and the Broad-shelled Turtle
(Chelodina expansa) were found to be widespread throughout the study area. Neither species are
Environment Protection and Biodiversity Conservation Act 1999 (EPBC Act) or Nature Conservation Act
71992 (NC Act) listed.

e Aquatic ecosystems within the current study area were in moderately good ‘health’ with the exception of
the Braemar Creek and Myall Creek sites which were considered to be in poor ‘health’.

e Ecological communities (fish, macroinvertebrates and aquatic flora) and habitats were similar across
most sites in the study area. All permanent watercourses in the study area contained suitable habitat for
the Murray Cod.

The permanent / semi-permanent watercourses, including the Condamine River, Wilkie Creek and Oakey
Creek were found to:

e Contain water all year round but in many cases reduced to isolated pools during the dry season.

e Have disturbance level ranging from minimal to high.

e Areunique on a local scale with regards to biota, communities and processes.

e Hostareas of good quality aquatic habitat that support a relatively diverse range of species. These
biological communities tend to be longer lived in comparison to ephemeral systems and less likely to
recolonise following disturbance.

The ephemeral watercourses comprise unnamed 1st or 2nd order systems that flow for a very limited period of
the year, and:

o Range from moderately to highly disturbed.

e Provide marginal aquatic habitat, lack of connectivity to larger, permanent waterways, and minimal
nursery habitat.

e Are notunique on alocal scale.

o Are likely to be used by aquatic flora and fauna tolerant of significant disturbance and adapted to rapidly
colonise and regenerate when conditions are suitable.

Environmental Flow Requirements are predicted to continue to be met under the SGP for regulated
watercourses. Therefore impact to riverine ecosystems in these environments is not expected.

In unregulated watercourses (which correlate with ephemeral watercourses) only limited if any impactis
predicted. Should impact occur this affects watercourses with only limited aquatic value, that are not unique
on a local or regional scale.
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Surface Water and Aquatic Ecosystems

Lake Broadwater is a Category A Environmentally Sensitive Area (ESA) under the Queensland Environmental
Protection Regulation (2008) and a Nationally Important Wetland under the EPBC Act Protected Matters. Lake
Broadwater has high conservation value due to its intactness, the importance of its seasonal aquatic habitat
and its potential use by the EPBC Act listed Murray Cod.

As presented in the SREIS, Lake Broadwater is not conceptualised as groundwater dependent. This is based on
the description of the Lake in the directory of Nationally Important Wetlands (DoEE, 2017) that it is a shallow
lake that fills and occasionally floods following summer rainfall, and recedes afterwards. This assessment is
supported by the terrestrial groundwater dependent ecosystem (TGDE) study presented in the Updated
WMMP.

Long Swamp is a palustrine wetland to the north-east Lake Broadwater, considered to be an older course of the
Condamine River. It is not classified under state or commonwealth protection legislation but is recognised
locally as a natural and important wetland.

Long Swamp has a ‘medium’ to ‘high’ conservation status due to the range of riparian vegetation along the
length of the wetland as well as the species diversity and richness. Long Swamp is hydrologically connected to
Lake Broadwater, and fills during wet periods.

FRC Environmental (FRC) undertook a baseline survey for a section of Wilkie Creek in 2022. The baseline
survey was undertaken at seven locations along Wilkie Creek in June 2022 comprising:

e Measurement of water quality insitu using a calibrated handheld water quality meter for temperature,
pH, electrical conductivity, dissolved oxygen and turbidity;

e Assessment of water quality in a National Association of Testing Authorities (NATA) accredited
laboratory;

e Assessment of aquatic habitat using an augmented Australian River Assessment System (AUSRIVAS)
habitat assessment proforma; and

e Assessment of aquatic macroinvertebrates using AUSRIVAS sampling method in edge habitat.

The baseline survey locations are shown in Figure 2-1.
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Surface Water and Aquatic Ecosystems

2.3.1 Water quality

The water quality results are shown in Table 2-1 and Table 2-2. There are no default water quality objectives
(WQOs) for aquatic ecosystem protection for Wilkie Creek; however, nearby Oakey Creek is modelled as a
similar system to Wilkie Creek and so default WQOs for moderately disturbed waters in low flow condition in
Oakey Creek were applied (DES, 2020). WQOs for agriculture were sourced from the ANZECC & ARMCANZ
(2000) guidelines for primary industries (irrigation and livestock water), using the most conservative guideline
for each parameter.

Results for the water quality (Table 2-1) showed that default WQOs for aquatic ecosystems were generally
complied with, with the exception of:

e pH, which was lower than WQOs at all sites;
e turbidity, which was higher than the WQOs at all sites; and
o total suspended solids (TSS), which was higher than the WQOs at all sites.

Summary statistics of water quality (Table 2-2) showed that WQOs for aquatic ecosystems for most
parameters were achieved, with the exception of:

e pH, which was lower than the minimum of the WQO range for the minimum pH at the upstream site, and
lower than the minimum of the WQO range for the minimum, median and maximum pH at the
downstream site;

e TSS, which was higher than the WQO for the median and maximum TSS at the upstream site, and higher
than the WQO for the minimum, median and maximum TSS at the downstream site;

e aluminium, which was higher than the WQO for the minimum, median and maximum aluminium at
upstream and downstream sites;

e chromium, which was higher than the WQO for the minimum, median and maximum chromium at
upstream and downstream sites;

e copper, which was higher than the WQO for the median and maximum copper at the upstream site, and
higher than the WQO for minimum, median and maximum copper at the downstream site; and

e the limit of reporting (LOR) for silver, which was higher than the WQO.

All water quality parameters complied with the WQOs for protecting agricultural values of water (Table 2-1 and
Table 2-2), with the exception of median and maximum aluminium, which were slightly higher than the WQO for
agriculture.
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Table 2-1 Wilkie Creek water quality results compared to water quality guidelines

Parameter

In-situ Results
temperature
dissolved oxygen
dissolved oxygen
electrical conductivity
pH

Turbidity

Laboratory Results
total suspended solids
sulphate

magnesium

fluoride

calcium

total boron

dissolved boron

LOR = analytical limit of reporting

- no guideline or data

Page 6

Unit

°C
mg/L
% sat.
puS/cm
unit
NTU

mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L

LOR Oakey
Creek
wQoO

- 60-110

- 510

- 7.7-8.3

- 13

5 14

5 7

0.5 -

0.5 -

05 -

0.05 0.94

0.05 0.94

Agriculture
WQO

950
6.0-9.0

<1,000

2.0
<1,000
0.5
0.5

Assessment locations
WCUS2

WCUs1

13.5
10.7
107
192
7.2
147

58
<5
2.2
<0.5
4.1
<0.05
<0.05

13.3
9.0
88
188
7.3
145

45
<5
2.6
<0.5
54
<0.05
<0.05

M2

11.8
8.0
76
187
6.7
207

50
<5
2.5
<0.5
5.3
<0.05
<0.05

M3

11.0
7.9
74
187
6.5
226

50
<5
2.1
<0.5
3.7
<0.05
<0.05

WCDS1

11.4
7.7
72
186
6.8
174

55
<5
2.5
<0.5
54
<0.05
<0.05

WCDS2

12.2
7.6
72
185
7.0
218

61

<5
24
<0.5
5.2
<0.05
<0.05

WCDS3

11.4
7.3
68
183
6.9
176

58
<5
24
<0.5
5.3
<0.05
<0.05
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Surface Water and Aquatic Ecosystems

Table 2-2 Wilkie Creek water quality statistics compared to water quality guidelines

Parameter Unit LOR Oakey Agriculture Upstream Control Sites® Downstream Receiving Environment

Creek WQO Sites®

WQOs? Count Minimum Median Maximum Count Minimum Median Maximum
In-situ Results
total suspended solids mg/L 5 14 - 4 12 19 22 4 31 34 40
electrical conductivity pS/cm 1 510 950 4 227 230 231 4 197 202 204
pH unit 0.01 7.7 - 6.0-9.0 4 7.6 7.7 7.7 4 7.4 7.5 7.6

8.3
Metals (Total)
aluminium mg/L 0.01 0.055 5 4 2.740 3.190 4.540 4 3.090 5.815 6.410
antimony mg/L 0.001 0.009 - 4 <0.001 <0.001 <0.001 4 <0.001 <0.001 <0.001
arsenic mg/L 0.001 0.013 0.1 4 <0.001 <0.001 <0.001 4 <0.001 <0.001 0.001
barium mg/L 0.001 - - 4 0.058 0.059 0.064 4 0.071 0.077 0.078
boron mg/L 0.05 0.94 0.5 4 <0.05 <0.05 <0.05 4 <0.05 <0.05 <0.05
cadmium mg/L 0.0001 0.00002 0.01 4 <0.0001 <0.0001 <0.0001 4 <0.0001 <0.0001 <0.0001
chromium mg/L 0.001 0.001 0.1 4 0.002 0.003 0.004 4 0.004 0.005 0.005
copper mg/L 0.001 0.0014 0.2 4 0.0010 0.0020 0.0020 4 0.0020 0.0020 0.0020
cyanide mg/L 0.004 0.007 - 3 <0.004 <0.004 <0.004 3 <0.004 <0.004 <0.004
iron mg/L 0.05 - 0.2 4 2.02 2.42 2.78 4 3.68 4.45 4.75
lead mg/L 0.001 0.0034 0.1 4 <0.001 0.001 0.001 4 0.001 0.002 0.002
manganese mg/L 0.001 1.9 0.2 4 0.037 0.059 0.074 4 0.051 0.082 0.091
mercury mg/L 0.0001 0.0006 0.002 4 <0.0001 <0.0001 <0.0001 4 <0.0001 <0.0001 <0.0001
molybdenum mg/L 0.001 0.034 0.01 4 <0.001 <0.001 <0.001 4 <0.001 <0.001 <0.001
nickel mg/L 0.001 0.011 0.2 4 0.004 0.004 0.004 4 0.004 0.005 0.005
selenium mg/L 0.01 0.011 0.02 4 <0.01 <0.01 <0.01 4 <0.01 <0.01 <0.01
silver mg/L 0.001 0.00005 - 4 <0.001 <0.001 <0.001 4 <0.001 <0.001 <0.001
strontium mg/L 0.001 - - 4 0.145 0.152 0.153 4 0.119 0.122 0.123
vanadium mg/L 0.01 0.006 0.1 4 <0.01 <0.01 <0.01 4 <0.01 <0.01 <0.01
zinc mg/L 0.005 0.008 2.0 4 <0.005 0.005 0.008 4 0.005 0.006 0.007
Anions
bromide mg/L 0.01 - - 4 0.056 0.0605 0.069 4 0.044 0.0495 0.055
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Parameter

fluoride

iodide

Phenols and BTEXN
bisphenol A

benzene

toluene

ethylbenzene

xylene (m & p)
nonylphenol

PAH species
benz[a]anthracene
benzo[b+]fluoranthene
benzo[k]fluoranthene
benzo[alpyrene
chrysene
dibenz[a,h]anthracene
indeno[1,2,3-
cd]pyrene

Total Petroleum Hydrocarbons

C6 - C9 fraction
C10-C14 fraction
C15-C28 fraction
C29-C36 fraction
C10-C36 fraction
(sum)

Unit

mg/L
mg/L

mg/L
mg/L
mg/L
mg/L
mg/L
mg/L

pg/l
pg/l
pg/l
pg/l
g/l
g/l
g/l

g/l
g/l
g/l
g/l
g/l

LOR

0.01
0.01

0.1
0.1
0.1
0.05
0.1
0.1
0.1

20
50
100
50
50

Oakey
Creek
WQOs?

Agriculture Upstream Control Sites®

WQO

Count
4
4

A DA DMDMBAMD W wWwwwwow

W wWwwww

Minimum
0.035

<0.05
<1

<2

<2

<2
<0.1

<0.1
<0.1
<0.1
<0.05
<0.1
<0.1
<0.1

<20
<50
<100
<50
<50

Median
0.041

<0.05
<1

<2

<2

<2
<0.1

<0.1
<0.1
<0.1
<0.05
<0.1
<0.1
<0.1

<20
<50
<100
<50
<50

Maximum
0.045

<0.05
<1

<2

<2

<2
<0.1

<0.1
<0.1
<0.1
<0.05
<0.1
<0.1
<0.1

<20
<50
<100
<50
<50

Downstream Receiving Environment

Sites®
Count
4
4

A DA DMDIMAD W W wWwwwow

W wWwwww

Minimum Median

0.033

<0.05
<1

<2

<2

<2
<0.1

<0.1
<0.1
<0.1
<0.05
<0.1
<0.1
<0.1

<20
<50
<100
<50
<50

0.039

<0.05
<1

<2

<2

<2
<0.1

<0.1
<0.1
<0.1
<0.05
<0.1
<0.1
<0.1

<20
<50
<100
<50
<50

2WQOs as per (DES 2020) for Oakey Creek for physico-chemical parameters, or Default Guideline Values as per ANZG (2018) for toxicants

b upstream control site samples taken from Wilkie Creek at the Wilsons Road crossing (Latitude: 27.222543° S Longitude: 151.00876° E)

Maximum
0.042

<0.05
<1

<2

<2

<2
<0.1

<0.1
<0.1
<0.1
<0.05
<0.1
<0.1
<0.1

<20
<50
<100
<50
<50

¢ downstream receiving environment site samples taken on Wilkie Creek at the Theten Road crossing (Latitude: 27.14706° S Longitude: 151.01306° E)

LOR = analytical limit of reporting

- no guideline or data
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2.3.2 Aquatic habitat

Aquatic habitat summary sheets are provided for each site in Appendix B. Assessment of baseline habitat
features, and bed and bank stability showed:

e bed and bank stability at all sites was generally low to moderate, with bare and eroded banks present at
all sites;

e avariety of sediment sizes in the channel bed were present at most sites, although most were dominated
by smaller sediments (i.e. sand and clay/silt);

o relatively high diversity of physical habitat features, with water levels high following significant rainfall.
All sites held water, with deep, wide pools at all sites, and riffles and runs present at WCUS2, M3 and
WCDS2. Large woody debris, undercut banks, emergent aquatic plants and bends provide habitat
elements at all sites; and

e bioassessment scores were in the mid to high range of moderate at all sites, apart from site WCDS2
which had a good bioassessment score. Bioassessment criteria that received low scores related to
substrate diversity, substrate embeddedness, and bank stability, while those criteria that received higher
scores related to riparian zone vegetation, which was largely in-tact and dominated by established trees.

Aquatic plants were present at low to moderate abundance and diversity at all sites, with survey results also
indicating that:

e aquatic plants were generally on banks rather than in the water;

e in-stream aquatic plants were limited to: Juncus usitatus that was at the water’s edge and in poor
condition due to recent inundation, a small patch of Ludwigia peploides at site M3, and patches of
Phragmites sp. growing on banks at site WCDS3 that had been recently inundated by high water levels;

e Lomandra longifolia and Juncus usitatus were the most widespread and abundant aquatic plants; and

e all aquatic plant species are native species and are common.

2.3.3 Macroinvertebrates

Macroinvertebrate communities of Wilkie Creek are dominated by stream insects:

e ceight families of beetles (Coleoptera): Dytiscidae, Elmidae, Gyrinidae, Hydraenidae, Hydrochidae,
Hydrophilidae, Scirtidae and Staphylinidae;

e ceight families and sub-families of flies and midges (Diptera): Ceratopogonidae, s-f Chironominae,
Culicidae, Empididae, s-f Orthocladinae, Psychodidae, Simuliidae and s-f Tanypodinae;

o two families of mayflies (Ephemeroptera): Baetidae and Caenidae;

o three families of caddisflies (Trichoptera): Ecnomidae, Hydropsychidae and Leptoceridae;

e seven families of true bugs (Hemiptera): Corixidae, Hebridae, Hydrometridae, Micronectidae,
Naucoridae, Notonectidae and Veliidae;

o three families of dragonflies (Odonata): Coenagrionidae, Isosticidae and Libellulidae; and

e one family of lacewings (Neuroptera): Sisyridae.

Other macroinvertebrate taxa recorded from Wilkie Creek include:

o three families of Decapoda crustaceans: Atyidae, Palaemonidae and Parastacidae;
e three families of snails (Gastropoda): Lymnaeidae, Physidae and Planorbidae;

e one family of mite (Acarina);

e one family of spider (Araneae);

e one family of springtails (Collembola): Sminthuridae;

Page 9 S————
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Surface Water and Aquatic Ecosystems

e one family of leeches (Hirudinea): Glossiphoniidae; and
e one family of segmented worm (Oligochaeta).

These macroinvertebrate taxa are all common and widespread, and none are threatened under Australian or
Queensland legislation.

Median macroinvertebrate indices were calculated for each site, with results indicating (Table 2-3):

e macroinvertebrate communities generally had relatively high abundance and taxonomic richness at all
sites;

e Plecoptera/ Ephemeroptera/ Trichoptera (PET) taxa' were present and percent tolerant taxa was low at
all sites, indicated that sensitive taxa comprised a significant proportion of the overall macroinvertebrate
community; and

e Stream Invertebrate Grade Number — average Level (SIGNAL-2) scores® were generally low (i.e. < 4.00)
but when assessed with the taxonomic richness for each site, indicate high levels for non-toxic water
quality parameters (e.g. high salinity or nutrient levels) that may be natural for the region (Chessman
2003).

Table 2-3 Median macroinvertebrates indices calculated for baseline sites on Wilkie Creek

Macroinvertebrate Assessment locations

Index WCuUs1 WCUS2 M2 M3 WCDS1 WCDS2 WCDS3
Abundance 159 184 184 282 176 204 131
Taxonomic 16 15 18 15 19 17 16
Richness

PET richness 4 3 4 4 4 4 3
SIGNAL-2 Score 3.80 3.49 3.61 4.22 3.88 3.43 3.51

% tolerant taxa 44 47 50 35 53 55 54

3 Surface water groundwater connectivity

The following sections show surface water features and aquatic ecosystems are not predicted to be impacted
by depressurisation of the WCM whereby adverse effects to ecosystems would arise. Further, under the SGP,
discharge of produced water to surface water systems is not proposed. Therefore, impacts to surface water
resources or aquatic ecosystems are not expected and subsequently a monitoring network to address these
components of condition 17A(b) is not currently proposed.

" While some groups of macroinvertebrates are tolerant to pollution and environmental degradation, others are sensitive
to these stressors (Chessman, 2003). Plecoptera (stoneflies), Ephemeroptera (mayflies), and Trichoptera (caddisflies) are
referred to as PET taxa, and they are particularly sensitive to disturbance. There are typically more PET families within
sites of good habitat condition and water quality than in sites of degraded condition. PET taxa are often the first to
disappear when water quality or environmental degradation occurs (EHMP, 2007). The lower the PET richness, the greater
the inferred degradation.

2 SIGNAL-2 (Chessman 2003) scores are also based on the sensitivity of each macroinvertebrate family to pollution or
habitat degradation. Each macroinvertebrate family is assigned a grade number between 1 and 10 based on their
sensitivity to various pollutants. The overall SIGNAL-2 score for a site is weighted for abundance and calculated using the
formula: Total of grade * abundance Weight Factor / Total of abundance Weight Factor. Interpretations of SIGNAL-2
scores vary with geographic area and habitat type, with scores above 4-4.5 typically indicating favourable conditions
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2 i

Page 10 L/
UVVenergy



Surface Water and Aquatic Ecosystems

As presented in the Stage 1 WMMP, CDM Smith (2016) (Appendix C) established an integrated groundwater-
surface water model to quantify the impact that flux changes to the Condamine Alluvium may have on surface
water flow in the Condamine River.

The modelling approach included adopting the 2012 OGIA model, the Central Condamine Alluvium Model
(CCAM) and the Integrated Quantity and Quality Modelling (IQQM) (Simons et al, 1996).

The maximum predicted drawdown in any model cell over the simulation period is 1.1 m across the Condamine
Alluvium. The majority of the Condamine Alluvium is predicted to experience <0.75 m of drawdown. The
maximum predicted drawdown along the Condamine River and its tributaries is <0.75 m, noting that where the
Condamine River is expected to be connected to groundwater the maximum drawdown prediction is <0.1m.

Using the modelling outputs, CDM Smith carried out an assessment of potential impacts to dependent
ecosystems, which found:

e No impactto aquatic ecosystems where the surface water features are already disconnected from
underlying groundwater systems. The majority of the length of the Condamine River and its tributaries
function as disconnected losing streams (Figure 3-1, noting the drawdown presented relates to
drawdown in the adjacent aquifer, not a reduction in stream level).

e Three small areas of the Condamine River are predicted to be connected to groundwater (Figure 3-1).
Where surface water systems are connected to groundwater, and flows are in regulated surface water
systems, negligible change to surface water flow regimes are predicted therefore negligible impact to
aquatic ecosystems and surface expression GDEs will occur.

o Where surface water systems are connected to groundwater, and flows are unregulated, very limited to
no impact is predicted to aquatic ecosystems and surface expression GDEs based on negligible altered
leakage rates over a period of hundreds of years. The rate of change in leakage in affected areas is
estimated to be 0.0015 mm/d.
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Figure 3-1 Condamine Alluvium predicted drawdown and existing river connectivity to groundwater (Arrow Energy, 2018)
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3.2.1 CCAM Modelling

CDM Smith (2018) undertook additional modelling for the Updated WMMP. For the Updated WMMP, and for the
previous modelling for the Stage 1 WMMP, the structure, parameterisation of the CCAM and simulation times
were unchanged i.e. the CCAM was run for a period of 826 years, from 1980 to 2805, using annual stress
periods.

The types of boundary conditions used to represent net vertical flux at the base of the Condamine Alluvium in
the CCAM were also modified so that the changes in net vertical flux predicted using the OGIA 2016
Groundwater Model can be represented with the CCAM.

For the predictive simulations in this study, the single predictive simulation used for the 2016 UWIR was
replaced by two simulations - one representing water production by all CSG producers including Arrow’s Case
10a FDP (the FDP used in the Updated WMMP), and one representing water production by all CSG producers
but omitting Arrow’s water production.

Changes in net vertical flux predicted by the OGIA 2016 Groundwater Model are only passed to the CCAM at
locations where Condamine Alluvium is present in both models, and the CCAM was assighed GHB boundary
conditions to represent groundwater exchange with the Surat Basin.

Predicted impact on Condamine Alluvium and Condamine River flux

Table 3-1 shows predicted maximum changes (reductions) and timing in the components of flow due to all CSG
producers and due to Arrow water production. The results show that depressurisation takes time to propagate
through the strata of the Surat Basin to the base of the Condamine Alluvium.

Because the change in vertical flux is only passed to the CCAM at locations where Condamine Alluvium is
present in both models the maximum reduction in net flux at the base of the Condamine Alluvium from Surat
Basin (Table 3-1) is proportionally lower than the Case 10a peak change in flux.

The simulated maximum reduction in flow to the Condamine Alluvium due to all CSG producers is less than
0.8% (4.44 ML/d) of the maximum water production rate and occurs 34 years later. For Arrow’s water
production, the maximum reduction in flow is 2.2% (2.74 ML/d) of the maximum rate of Arrow’s water
production and occurs 11 years later (CDM Smith, 2018).

Table 3-1 Condamine Alluvium and Condamine River flux impacts - CCAM model

Component All CSG producers Arrow’s component (Case 10a)
ML/d Year ML/d Year

Maximum water production rate 526 2018 123 2038

Maximum reduction in net flux at base of CA from 4.44 2052 2.74 2049

Surat Basin

Maximum reduction in groundwater flux from CA to 0.267 2396 0.148 2396

the Condamine River
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Predicted impact to Condamine River

Impacts to the Condamine River from CSG water extraction can arise in situations where the groundwater
surface is above the river base (baseflow driven or ‘gaining’ stream situation). In a modelling context, this
occurs where river cells and the modelled watertable surface have an equivalent relationship, and therefore
the predicted magnitude and timing of impacts to the river is a function of the location of ‘connected’ river cells
and the drawdown induced by the simulated water production.

Analysis of the modelled results for all CSG producers shows that approximately 80% of river cells experience
no change in groundwater flux over the simulation period because they are ‘disconnected’ from groundwater.

As shown in Table 3-1, the predicted maximum changes in groundwater flux from the Condamine Alluvium to
the Condamine River due to all CSG producers and due to Arrow’s water production are an order of magnitude
smaller, being 0.05% (0.267 ML/d) of the maximum rate of water production for all CSG producers and
occurring 378 years later, and 0.12% (0.148 ML/y) of the maximum rate of Arrow’s water production and
occurring 358 years later (CDM Smith, 2018).

Most of the predicted impact on the Condamine River due to water production by all CSG producers occurs in
river cells located between Warra Town Weir and Chinchilla Weir with maximum flux changes of between 0.001
ML/d and 0.009 ML/d, and a predicted maximum flux change to the River of 0.267 ML/d (Table 3-1). Over the
simulation period the predicted total change in volumetric flux between the River and Condamine Alluvium is
60.7 GL.

For Arrow only production similar patterns are indicated, but with smaller changes (Figure 3-2). Maximum flux
changes to the River of between 0.001 ML/d and 0.005 ML/d are predicted between Warra Town Weir and
Chinchilla Weir, with maximum changes of less than 0.001 ML/d also predicted just upstream of Cecil Plains
Weir. Over the simulation period the predicted total change in volumetric flux between the River and
Condamine Alluvium is 33.7 GL.

For all practical purposes the predicted impacts are negligible (CDM Smith, 2018).
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Figure 3-2 Maximum change in flux to Condamine River — Arrow only Case 10a (CDM Smith, 2018)
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A very slight change in the low flow regime can be observed at one node where the frequency of low flow days
(less than 1 ML/d) has increased by approximately 0.8% for both scenarios, however no discernible change is
predicted at the other EFO nodes, showing that there is almost no discernible impact of CSG production (CDM
Smith, 2018).

Numerical modelling undertaken for the Updated WMMP (Arrow Energy, 2019) using the 2016 UWIR model
demonstrated that the maximum flux changes to the Condamine River are small and the predicted impacts to
the river and water resource are negligible under the FDP cases current at the time of writing the Updated CSG
WMMP.

Comparing the predicted magnitude of the groundwater flux changes provided in the Updated WMMP and that
determined using the UWIR 2019 model, indicates a lower potential impact to the Condamine Alluvium and
lower potential for subsequent impact to stream connectivity than previously estimated in the Updated WMMP.
Output from the UWIR 2021 model predicts groundwater flux changes of 1,270 ML/year over the next 100 years,
higher than predictions in the UWIR 2019 model but comparable to predictions in the UWIR 2012 and UWIR
2016 models and therefore the Updated WMMP.

As aresult of the predictive modelling undertaken, surface water features and aquatic ecosystems are not
predicted to be impacted by depressurisation of the WCM whereby adverse effects to ecosystems would arise.
Further, under the SGP, discharge of produced water to surface water systems is not proposed. Therefore,
impacts to surface water resources or aquatic ecosystems are not expected and subsequently a monitoring
network to address these components of condition 17A(b) is not currently proposed.

4 Surface water / groundwater connectivity monitoring

In addressing the component of Condition 17A(a) relating to establishing baseline data for determining
connectivity between surface water and groundwater that may be impacted by the project, Arrow continues to
carry out its groundwater monitoring obligations under the UWIR Water Monitoring Strategy (WMS). Provision of
these data to the Office of Groundwater Investigation and Assessment (OGIA) contributes to establishing
baseline data, ongoing assessment of aquifer connectivity studies and to improving the collective
hydrogeological knowledge of the Surat Basin.

Arrow will reassess potential changes to the Condamine Alluvium and River as a result of a change in flux
within 90 days of an approved UWIR being issued and upon receiving technical files from OGIA for that UWIR.
Reassessment will involve a comparison of the predicted magnitude of the groundwater flux changes in the
latest UWIR to previous UWIRs. If triggered, Arrow will report this in the WRMMP annual report.

5 Surface water and aquatic ecology monitoring network

Condition 17A(b) requires a surface water and aquatic ecology monitoring network in the case that surface
water resources or aquatic ecosystems may be impacted by the Action.

As presented in Section 3, surface water features and aquatic ecosystems are not predicted to be impacted by
depressurisation of the WCM whereby adverse effects to ecosystems would arise. Further, under the SGP,
discharge of produced water to surface water systems is not proposed. Therefore, impacts to surface water
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resources or aguatic ecosystems are not expected and subsequently a monitoring network to address these
components of condition 17A(b) is not currently proposed.

However, should a future revision of the FDP result in the potential for surface water or aquatic ecology
impacts due to groundwater depressurisation and/or should discharge form a future project requirement then
a monitoring network will be required. This section outlines the requirements and rationale for surface water
and aquatic ecosystem monitoring.

Nomination of actual monitoring locations will occur should future project requirements (and a revised
WRMMP submitted for approval by the Minister) include the need for discharge and/or future revision of the
FDP result in the potential for impact to surface water systems and aquatic ecology due to groundwater
depressurisation. This will allow for a site-specific approach for establishment of baseline conditions, and
where required, impact monitoring.

Condition 17A(b) requires a monitoring network to enable identification of spatial and temporal changes to
surface water quality and quantity, and monitoring of all aquatic ecosystems that may be impacted by the
Action. Should a network be required, it will allow for a site-specific approach for establishment of baseline
data before impacts occur, and to enable the identification of early warning conditions as monitoring data are
acquired over time.

The existing environment associated with surface water and aquatic ecology for the project area is described in
the SGP EIS / SREIS. This data will be consolidated with the results of any ongoing monitoring to provide a
robust dataset against which potential impacts may be assessed.

Further to the baseline data information provided in Section 2, A network of surface water and aquatic ecology
monitoring locations was established as part of the SGP EIS / SREIS process, as summarised in Table 5-1.
These included surface water quality, flow and aquatic ecology monitoring locations. Locations were selected
to provide baseline data across representative conditions for the different surface water systems and land
uses within the SGP area, at the time of the EIS / SREIS. The location of these sites is presented in Figure 5-1 to
Figure 5-3. Further to this, baseline data is available via the Queensland DRDMW state monitoring network,
with 19 currently open surface water gauging stations situated in or in close proximity to Arrow’s tenure, 11 of
which monitor water quality (sites 422361A and 422343A do not have water quality baseline data).

These figures show that a network of baseline monitoring locations are established in the vicinity of connected
reaches of the Condamine River south of Chinchilla (monitoring site 69 and 422308C), several sites
immediately south of Cecil Plains (e.g. monitoring sites 7, 422316A, and DA9-2), monitoring site 422355A
south-east of Millmerran and monitoring site 10 at Lake Broadwater. Note: as shown in Figure 5-1 to Figure 5-3,
additional monitoring of surface water has also been undertaken in reaches of the Condamine River and
tributaries not connected to groundwater.

Itis also noted that the OGIA set out the requirements for responsible tenure holders for monitoring of
potentially affected watercourse springs. Arrow are not the responsible tenure holder for any identified
watercourse springs, and no monitoring sites nominated by the OGIA are located within relevant areas for the
SGP.
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Table 5-1 Summary of EIS / SREIS / WRMMP surface water and aquatic ecology monitoring

Project phase No. sites monitored Monitoring events
Surface water quality EIS 35 October 2009

November 2009
March 2010

SREIS 14 February 2013

DRDMW 10 1993 - present (continuous EC and
temperature monitoring)

15 1962 - present

(Periodic monitoring of a broad water
quality suite)

WRMMP 7 June 2022
Aquatic ecology EIS 11 November 2009
May 2010
SREIS 22 February / March / May 2013
WRMMP 7 June 2022

Where required, a surface water monitoring network will monitor surface water flow, quality and aquatic
ecology at specific locations to confirm baseline conditions should future assessment indicate the potential
for groundwater drawdown related impact. Monitoring activities will commence in advance of the potential for
impact to occur, to enable the establishment of baseline conditions and development of WQOs where
required.

The following will be taken into consideration when selecting surface water and aquatic ecology monitoring
sites:

e Establishment of reference sites where required.
e Permanent, semi-permanent, lotic or lentic nature of water bodies.
e Ephemeral or perennial nature of streams.

5.3.1 Designrationale

Surface water flow, quality and aquatic ecology monitoring will be carried out at specific locations to establish
baseline conditions if future assessment indicates the potential for groundwater drawdown related impact.
Monitoring activities will commence in advance of the potential for impact to occur, to enable the
establishment of baseline conditions and development of WQOs where required.

Minimum requirements for monitoring data collection are defined (DES, 2018) for the establishment of
baseline conditions, in particular for the establishment of reference?® sites.

DES (2018) generally require reference sites to be relatively unaffected by surrounding land use, and not
significantly affected by surface water abstraction or regulation. Data collected from reference sites are used
to establish water quality guidelines, and ultimately WQOs based on calculated percentiles.

5 Sites considered to be suitable baseline or benchmark for the assessment and management of sites in similar water
bodies

Y D
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For slightly disturbed to moderately disturbed® water bodies, the 20th and 80th percentiles of reference site
values should be used based on:

e Eight data points (minimum) collected over at least 12 months from one or two reference sites; or

o Twelve data points (minimum) collected over at least 12 months from three or more reference sites; or

e FEight data points collected over 12 months for interim data sets (subject to validation and update based
on further data collection); and

e For ephemeral sites, a minimum of two reference sites are used to derived WQOs.

5.3.2 Monitoring schedule

Should future assessment indicate the potential for groundwater drawdown related impact, the monitoring
frequency for establishment of baseline conditions and ongoing monitoring detailed in Table 5-2 will be
adopted, noting that the proposed monitoring frequencies will be reviewed against the EIS / SREIS / WRMMP
baseline monitoring sites and if necessary, revised and locations specified.

Given the variable flow conditions and site setting of each monitoring location the specific monitoring
requirements at each location should be tailored to suit the specific data quality objectives for that site, and
also take into account the robustness of the available dataset. The identification of impacts may also trigger
additional monitoring requirements.

Table 5-2 Monitoring frequencies for baseline condition and impact monitoring

Monitoring Monitoring type Frequency Monitoring suite (refer Table 5-3)
domain
Ephemeral Water quality and flow Continuous (logged) EC, temperature and water
streams level.
Flow derived from level.
Water quality Bi-annual (when flowing) Physical parameters.
Full surface water baseline.
Aquatic ecology Annually Aquatic ecology.
Perennial Water quality and flow Continuous (logged) EC, temperature and water
streams level.
Flow derived from level.
Water quality and aquatic Bi-annual (nominally pre Physical parameters.
ecology and post-wet season) Full surface water baseline.
Aquatic ecology.
Aquatic ecology Bi-annual Aquatic ecology.

5.3.3 Monitoring parameters

The suite of parameters (Table 5-3) is consistent with water quality assessments carried out for the EIS / SREIS.
The suite would be reviewed and amended as required for site-specific conditions based on available data and
the nature of potential impacts predicted.

& Watercourses within the SGP development area are reported to range from slightly to highly disturbed
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Table 5-3 Surface water and aquatic ecology monitoring parameters

Suite Parameters
Physical e Electrical conductivity
parameters e pH
¢ Dissolved oxygen (DO)
e Temperature
e Turbidity
e Redox potential (Eh)
Full surface e Total dissolved solids (TDS) and total
water suspended solids (TSS)
(laboratory) e Major cations and anions (calcium, magnesium,

Aquatic ecology °

potassium, sodium, chloride, sulfate,
bicarbonate alkalinity, carbonate alkalinity)
Total alkalinity

Speciated nitrogen (nitrate, nitrite, ammonia)
Total nitrogen, total oxidised nitrogen, TKN
Reactive phosphorus, total phosphorus
Fluoride

Sodium adsorption ratio

Total and dissolved metals (arsenic, boron,
cadmium, cobalt, copper, lead, mercury, nickel,
selenium, vanadium, zinc)

Phenol

Triethylene glycol (TEG)

Physical parameters (as above)

AusRiVAS assessment

Fish and habitat assessment

5.3.4 Monitoring network review and update

Explanation
In-situ analysis only.

Full suite to be analysed during
first year.

Subsequent to this the suite may
be reduced, depending on the
results of the initial analysis and
ongoing assessment
requirements.

Future changes to the monitoring network and program in relation to aquatic ecology and ecosystems will be
captured in annual review reports, future iterations of the WRMMP and other ongoing revisions required by the

Approval Conditions.
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Appendix A Surat Gas Project — Stage 1 Coal Seam Gas Water
Monitoring and Management Plan Aquatic Ecosystem
Assessment (Natural Resource Assessments)
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Surface Water and Aquatic Ecosystems

Site: WCUS1 Wilkie Creek Upstream

site 1

Downstream view
Channel Description

Stream order

Pattern
Bank stability

Bank shape - left
Bank shape -
right

Hydrology

Flow regime

Water depth
Wetted width

Flow

Channel width
Comments
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4

regular meanders
low

moderate — steep,

convex
moderate, convex

intermittent

>1.5m
45m

low

50 m

Date surveyed: 19/07/2022

Region: Condamine River catchment

Upstream view

Substrate
Composition

Deposits

Bed stability

bedrock 0%

boulder 0%

cobble 0%
pebble 0%
gravel 0%
sand 15%

silt/ clay 85%

Silt

Moderate erosion

Left bank view
Aquatic Habitat
Habitat diversity

Habitat features

moderate

tree roots
deep pool

large and small
woody debris
terrestrial leaves
and twigs
undercut banks

in-stream
macrophytes

In-stream disturbance

Flow
modification
Waterway barrier

none

none

Habitat Bioassessment Score: 52 -
moderate

Right bank view

Riparian Zone

Riparian 10-15m

width

Disturbance moderate
Dominant native - Eucalyptus
type

Weed terrestrial grasses
species

Adjacent grazing

land use

At the time of survey the site comprised a well-defined channel with a meandering channel pattern, and unstable banks of moderate to steep slope.
A large, deep pool was present at the site, and there was evidence of recent high flows on the banks. The substrate was dominated by silt and sand.
Limited presence of tree roots, small and large woody debris, in-stream macrophytes and undercut banks provide aquatic habitat. The canopy layer
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SGP Water Resource Monitoring and Management Plan

Surface Water and Aquatic Ecosystems

Site: WCUS1 Wilkie Creek Upstream Date surveyed: 19/07/2022 Region: Condamine River catchment Habitat Bioassessment Score: 52 -
site 1 moderate
of riparian vegetation comprised of Eucalyptus, with grasses and Lomandra longifolia in the ground stratum. Aquatic plants (e.g. Juncus usitatus,
Lomandra longifolia, Phragmites sp. and Persicaria attenuata) were present at low densities. There was evidence that macropods had recently
accessed the channel. Disturbance of the site was moderate, relating to past riparian and catchment clearing for grazing and damage to riparian
vegetation by feral pigs.
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Site: WCUS2 Wilkie Creek Upstream

site 2

Downstream view
Channel Description
Stream order
Pattern

Bank stability

Bank shape - left

Bank shape - right

Hydrology
Flow regime

Water depth

Wetted width
Flow

Channel width
Comments
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4
mildly sinuous

moderate
low, convex

moderate, convex

intermittent

0.6m
20m
low — moderate

35m

Date surveyed: 19/07/2022

Upstream view

Composition

Bed stability

bedrock
boulder

cobble
pebble

gravel
sand

silt/ clay

sand/ silt
bed stable

0%
0%

0%
0%

0%

90%
10%

Region: Condamine River catchment

Left bank view
Aquatic Habitat

Habitat diversity
Habitat features

moderate

shallow and deep

pool

riffle

small and large
woody debris
terrestrial leaves
and twigs
undercut banks
in-stream
macrophytes

In-stream disturbance

Flow modification
Waterway barrier

none
none

Habitat Bioassessment Score: 58 —
moderate

# ot
Right bank view
Riparian Zone
Riparian width
Disturbance

Dominant type

Weed species

Adjacent land use

e g

15-20m
moderate

native - Eucalyptus

terrestrial grasses

Grazing
Regrowth forest

At the time of survey the site comprised a well-defined channel with a mildly sinuous channel pattern, and unstable banks of low to moderate slope. A
large, deep pool was present upstream of the site, with a small shallow riffle connecting to a smaller pool downstream. There was evidence of recent
high flows on the banks. The substrate was dominated by sand and silt. Limited presence of small and large woody debris, in-stream macrophytes
and riffles provide aquatic habitat. The canopy layer of riparian vegetation comprised of Eucalyptus, with grasses and Lomandra longifolia in the
ground stratum. Aquatic plants (e.g. Juncus usitatus, Lomandra longifolia and Phragmites sp.) were present at low densities. Disturbance of the site
was moderate, relating to past riparian and catchment clearing for grazing and damage to riparian vegetation by feral pigs.
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Surface Water and Aquatic Ecosystems

Site: M2 Upstream Monitoring Point 2 Date surveyed: 19/07/2022 Region: Condamine River catchment Habitat Bioassessment Score: 56 -
moderate

Downstream view Upstream view Left bank view Right bank vie
Channel Description Substrate Aquatic Habitat Riparian Zone
Stream order 4 Composition bedrock 0% Habitat diversity moderate Riparian width 10-20m
Pattern irregular meanders boulder 0% Habitat features shallow and deep Disturbance moderate

pool
Bank stability low to moderate cobble 0% in-stream plants Dominanttype native - Eucalyptus
Bank shape - left moderate, convex pebble 0% small and large

woody debris
Bank shape -right moderate - steep, gravel 10% terrestrial leaves

convex and twigs
Hydrology sand 75% bank overhang Weed species terrestrial grasses
Flow regime intermittent silt/ clay 15% tree roots
Water depth 0.7m In-stream disturbance
Wetted width 8m Deposits sand/ silt Flow None
modification
Flow low Bed stability moderate Waterway barrier none Adjacent land grazing
aggradation use

Channel width 10m regrowth forest
Comments At the time of survey the site comprised a well-defined channel with an irregular meandering channel pattern, and moderately unstable banks of

moderate to steep slope. Alarge, deep pool was present at the site, and there was evidence of recent high flows on the banks. The substrate was
dominated by silt and sand, with some larger substrates on bank edges. Tree roots, small and large woody debris, in-stream macrophytes and
undercut banks provide aquatic habitat. The canopy layer of riparian vegetation comprised of Eucalyptus, with grasses and Lomandra longifolia in the
ground stratum. Aquatic plants (e.g. Juncus usitatus and Lomandra longifolia) were present at low densities. Disturbance of the site was moderate,
relating to past riparian and catchment clearing for grazing and damage to riparian vegetation by feral pigs.
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Surface Water and Aquatic Ecosystems

Site: M3 Upstream Monitoring Point 3

Date surveyed: 19/07/2022

Region: Condamine River catchment

Habitat Bioassessment Score: 69 —

moderate

Downstream view

Channel Description

Stream order
Pattern

Bank stability
Bank shape - left

Bank shape - right

Hydrology
Flow regime

Water depth
Wetted width

Flow

Channel width
Comments
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4

irregular / mildly
sinuous

low

moderate — steep,
convex

moderate — steep,
convex

intermittent

Tm
7m

low — moderate

15m

Upstream view
Substrate
Composition

Deposits

Bed stability

bedrock
boulder

cobble
pebble

gravel
sand
silt/ clay
sand/ silt

bed stable

0%
0%

5%
0%

15%

75%
5%

Left bank view
Aquatic Habitat

Habitat diversity
Habitat features

moderate
shallow and deep
pool

runs and riffles
small and large
woody debris
terrestrial leaves
and twigs
trailing roots
trailing bank
vegetation

In-stream disturbance

Flow
modification
Waterway barrier

raised crossing

Right bank view
Riparian Zone
Riparian width
Disturbance

Dominant type

Weed species

raised bed crossing Adjacent land

use

15-30m
moderate

native - Eucalyptus

terrestrial grasses

grazing

cropping

At the time of survey the site comprised a well-defined channel with an irregular and mildly sinuous channel pattern, and a moderately unstable banks
of moderate slope. A large, deep pool was present at the site upstream of the road crossing, with riffles and runs downstream of the raised bed
crossing. There was evidence of recent high flows on the banks. The substrate was dominated by silt and sand, with gravel around the road crossing.
Tree roots, extensive small and large woody debris, trailing bank vegetation and runs/riffles provide aquatic habitat. The canopy layer of riparian
vegetation comprised of Eucalyptus, with grasses and Lomandra longifolia in the ground stratum. Aquatic plants (e.g. Juncus usitatus, Lomandra
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SGP Water Resource Monitoring and Management Plan

Surface Water and Aquatic Ecosystems

longifolia, Cyperus polystachyos, Persicaria sp. and Ludwigia peploides) were present at low densities. Disturbance of the site was moderate, relating
to pastriparian and catchment clearing for grazing, and a raised bed crossing.
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Surface Water and Aquatic Ecosystems

Site: WCDS1 Wilkie Creek Date surveyed: 19/07/2022 Region: Condamine River catchment Habitat Bioassessment Score: 65 -
Downstream site 1 moderate

o

Downstream view Upstream view Left bank view Right bank view
Channel Description Substrate Aquatic Habitat Riparian Zone
Stream order 4 Composition bedrock 0% Habitat diversity moderate Riparian width 20-30m
Pattern irregular meanders boulder 0% Habitat features shallow and deep Disturbance moderate
pool
Bank stability low cobble 0% undercut banks Dominanttype native - Eucalyptus
Bank shape - left moderate — steep, pebble 0% small and large
convex woody debris
Bank shape -right steep, convex gravel 0% trailing roots
Hydrology sand 80% in-stream Weed species terrestrial grasses
macrophytes
Flow regime intermittent silt / clay 20% overhanging banks
Water depth 0.8 m In-stream disturbance
Wetted width 8m Deposits silt Flow none
modification
Flow low Bed stability moderate Waterway barrier none Adjacent land cropping/ grazing
aggradation use
Channel width 10m regrowth forest
Comments At the time of survey the site comprised a well-defined channel with an irregular meandering channel pattern, and unstable banks of moderate to steep

slope. Alarge, deep pool was present at the site, and there was evidence of recent high flows on the banks, with several smallisolated pools off the
main channel remaining from previous high flows. The substrate was dominated by sand and silt. Tree roots, extensive small and large woody debris,
in-stream macrophytes and undercut banks provide aquatic habitat. The canopy layer of riparian vegetation comprised of Eucalyptus, with grasses
and Lomandra longifolia in the ground stratum. Aquatic plants (e.g. Juncus usitatus and Lomandra longifolia) were present at low densities. There was
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Surface Water and Aquatic Ecosystems

Site: WCDS1 Wilkie Creek Date surveyed: 19/07/2022 Region: Condamine River catchment Habitat Bioassessment Score: 65 -
Downstream site 1 moderate
evidence that macropods had recently accessed the channel. Disturbance of the site was moderate, relating to past riparian and catchment clearing
for grazing and damage to riparian vegetation by feral pigs.
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Surface Water and Aquatic Ecosystems

Site: WCDS2 Wilkie Creek

Downstream view
Channel Description

Stream order
Pattern

Bank stability
Bank shape - left

Bank shape - right
Hydrology

Flow regime
Water depth
Wetted width

Flow

Channel width
Comments

Page 82

Downstream site 2

4
irregular meanders

low — moderate
moderate — steep,
convex
moderate, convex

intermittent
0.5m
10m

moderate

15m

Date surveyed: 19/07/2022

Upstream view
Substrate
Composition

Deposits

Bed stability

bedrock
boulder

cobble
pebble

gravel

sand
silt / clay

sand/ silt

bed stable

0%
0%

0%
15%

5%

50%
30%

Region: Condamine River catchment

Left bank view
Aquatic Habitat
Habitat diversity
Habitat features

Habitat Bioassessment Score: 78 —
good

moderate
shallow and deep
pools

runs and riffles
small and large
woody debris
terrestrial leaves
and twigs
undercut banks
trailing roots

In-stream disturbance

Flow
modification
Waterway barrier

raised crossing

raised bed crossing

Right bank view
Riparian Zone
Riparian width
Disturbance

Dominant type

Weed species

Adjacent land
use

5-10m
high

native - Eucalyptus

terrestrial grasses

grazing

At the time of survey the site comprised a well-defined channel with an irregular meandering channel pattern, and a moderately unstable banks of
moderate slope. A large, deep pool was present at the site upstream of the road crossing, with riffles and runs downstream of the raised bed crossing.
There was evidence of recent high flows on the banks. The substrate was dominated by sand and silt, with gravel and other larger substrates around
the road crossing. Tree roots, extensive small and large woody debris, trailing bank vegetation, undercut banks and runs/riffles provide aquatic habitat.
The canopy layer of riparian vegetation comprised of Eucalyptus, with grasses and Lomandra longifolia in the ground stratum. Aquatic plants (e.g.
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Surface Water and Aquatic Ecosystems

Site: WCDS2 Wilkie Creek Date surveyed: 19/07/2022 Region: Condamine River catchment Habitat Bioassessment Score: 78 -
Downstream site 2 good
Juncus usitatus and Persicaria sp.) were present at low densities. Disturbance of the site was moderate, relating to past riparian and catchment
clearing for grazing, and a raised bed crossing.
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Site: WCDS3 Wilkie Creek Date surveyed: 20/07/2022 Region: Condamine River catchment Habitat Bioassessment Score: 65 -
Downstream site 3 7 7 moderate

g

Downstream view Upstream view Left bank view Right bank view

Channel Description Substrate Aquatic Habitat Riparian Zone
Stream order 4 Composition bedrock 0% Habitat diversity moderate Riparian width 5-10m
Pattern irregular meanders boulder 0% Habitat features deep pool Disturbance high
Bank stability low cobble 0% shallow pool Dominanttype native - Eucalyptus
Bank shape - left steep, convex pebble 0% large woody debris
Bank shape - right steep, convex gravel 5% terrestrial leaves
and twigs
Hydrology sand 5% undercut banks Weed species terrestrial grasses
Flow regime ephemeral silt/ clay 90%
Water depth >1.5m In-stream disturbance
Wetted width 15m Deposits silt Flow none
modification
Flow low Bed stability bed stable Waterway barrier none Adjacent land grazing
use
Channel width 15m cropping
Comments At the time of survey the site comprised a well-defined channel with an irregular meandering channel pattern, and unstable banks of steep slope. A

large, wide and deep pool was present at the site, and there was evidence of recent high flows on the banks. The substrate was dominated by silt and
sand. Limited presence of tree roots, small and large woody debris and undercut banks provide aquatic habitat. The canopy layer of riparian
vegetation comprised of Eucalyptus, with grasses and Lomandra longifolia in the ground stratum. Aquatic plants (e.g. Juncus usitatus, Lomandra
longifolia and Phragmites sp.) were present at moderate densities. Disturbance of the site was moderate, relating to extensive past riparian and
catchment clearing for grazing.
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Appendix C CDM Smith (2016) Surat Gas Expansion Project -
CSG WMMP Section 13(b) Report
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- Whether the stream is regulated or unregulated (a regulated stream will provide a
buffer to water table elevation and limit any changes in the water table elevation).

Table 6-2 lists the controls these factors have over threat pathways to DEs. It serves to highlight the
hydrological settings where threat pathways occur, where they will be absent (e.g. where
groundwater and surface water are disconnected there will be no threat pathway to aquatic flora
and fauna type DEs), and where a threat pathway may occur but the threat is buffered by the
presence of a regulated stream.

Figure 6-7 shows the different hydrological settings schematically and their occurrence in the
landscape has been mapped for Aquatic Flora and Fauna Type DEs (Figure 6-8) and for Terrestrial
Vegetation Type DEs (Figure 6-9).

CDM
Smith 6-15
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Table 6-2 Relationship between the varying hydrological settings and the threat pathways to DEs

Surface water

setting
Types of

dependent

Water table
ecosystems

elevation

Aquifer and Cave Type DEs

Weirs and regulated streams

Deep: below bed

level and deeper

than 15m below
surface #

Potential threat
pathway

Moderate: below

bed level but less

than 15m below
surface

Water table
elevation will be
buffered by surface
water regulation
where connected

Shallow: above bed
level (but below
water level)

Water table
elevation will be
buffered by surface
water regulation

e Arrow Energy

Unregulated, ephemeral streams and channels

Deep: below bed

level and deeper

than 15m below
surface

Potential threat
pathway

Moderate: below

bed lev