o

AUSTRALIA
PACIFIC
LNG

Australia Pacific LNG
Receiving Environment Monitoring Program:
Condamine River

Q-LNGO01-15-PS-0001

Rev | Date Details By Check App

0 19/11/2010 | Issue to DERM JRM SM RP




‘ :
LNG
Receiving Environment Monitoring Program: Condamine River

Summary
Introduction

Origin proposes to discharge treated coal seam gas (CSG) water to natural waterways as
part of the Australia Pacific LNG Project (Australia Pacific LNG). The Condamine River has
been identified as the receiving environment for both the existing discharge from Talinga
Water Treatment Facility (WTF) and the proposed discharge from Condabri Central WTF.

This report has been prepared by frc environmental and Australia Pacific LNG, and sets out
the proposed design of the Receiving Environment Monitoring Program (REMP) for the
discharges into the Condamine River from Condabri Central WTF and Talinga WTF. The
aims of the REMP are to:

e describe the background condition of waterways in the receiving environment,
including a description of key communities and ‘background’ (i.e. without
impacts from the proposed discharges) water quality characteristics

e describe the environmental values (EVs) and water quality objectives (WQOs)
of the receiving environment

e identify and describe the extent of any adverse environmental impacts to local
environmental values

e monitor any changes in the receiving water, and
e determine background values for the receiving environment within two years.

There is one confirmed discharge location at Talinga (to the Condamine River), and a
proposed discharge location at Condabri Central to the Condamine River.

The receiving environment of the Talinga discharge location is defined in EA PEN100067807
as the Condamine River downstream to Cotswold gauging station (approximately 120 km
downstream of the discharge point).

The receiving environment for the Condabri Central discharge location has not yet been
defined by the Department of Environment and Resource Management (DERM), but based
on the distance of the receiving environment for Talinga, the receiving environment proposed
for Condabri Central WTF discharge is from the discharge location downstream to Yulabilla
(approximately 112 km downstream of the discharge point).

The suitability of this distance for defining the receiving environment will be reviewed based
on the results of baseline monitoring, and the definition of the receiving environment will be
refined as required.

The REMP is intended to be conducted for two years. Monitoring will commence at the next
soonest opportunity following approval of the REMP and seasonal monitoring requirements
indicated in the REMP. This will include monitoring in the Condamine River so that the
potential impacts of the Talinga discharge can be monitored, and baseline data can be
collected prior to the commencement of the Condabri discharge. At the completion of the
two years, the scope and scale of the REMP (including a revision of the extent of the
receiving environment and the number of survey sites) will be reviewed and revised as
appropriate
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The Receiving Environment

The receiving environment is part of the Condamine Catchment, which is 18 131 km? in area,
contains approximately 3 636 km of streams, and comprises approximately 16% of the
Maranoa, Balonne and lower Condamine system, and 1.7% of the Murray-Darling Basin.

The most recent and relevant surveys of the receiving environment were undertaken as a
part of the Australia Pacific LNG Project Environmental Impact Statement (EIS)
(Hydrobiology 2009, 2010). The EIS involved a pre-wet and post-wet survey of
approximately 20 sites in the Condamine Catchment for aquatic habitat, water quality,
macrophytes, macroinvertebrates and fish. The EIS also summarises previous studies done
in the region.

The ecological health of the Condamine Catchment is considered to be poor to moderate
and has been impacted by agricultural development and water resource development within
the region. The Condamine River is characterised by isolated pools in the dry season, which
are connected by runs or riffles in the wet season. Large flood flows also occur in the river
during the wet season.

Water quality in the Condamine Catchment is currently poor and is characterised by high
turbidity, nutrient and sometimes contaminant levels, and low or variable dissolved oxygen
levels.

The coverage and richness of macrophytes in the Condamine Catchment is currently low,
and no rare or threatened species were recorded during the Australia Pacific LNG EIS
surveys.

Richness and abundance of macroinvertebrate communities is moderate compared with the
expected natural condition, with species both tolerant and sensitive to disturbance being
recorded in the Condamine River. Taxa that do not have a preference for particular flow and
substrate conditions were common in the Condamine River in the dry season, as were those
that have a slight preference to low flow conditions and fine substrates. Taxa that prefer
high flows and coarse substrates were sampled from the Condamine River during the wet
season.

Richness and abundance of fish communities in the Australia Pacific LNG EIS study area
was moderate. Introduced species, including the declared noxious mosquitofish and carp,
and the introduced goldfish are known from the Condamine River. No rare or threatened
species of aquatic fauna were recorded during the Australia Pacific LNG EIS surveys.
However, the threatened Murray cod is known from the Condamine Catchment, and may be
present in the Condamine River.

Preliminary Environmental Values and Water Quality Objectives

The list of preliminary environmental values (EVs) that apply to the receiving environment is:
e aquatic ecosystem (slightly to moderately disturbed)
e irrigation and farm water supply (does not include drinking water)
e stock watering
e drinking water
e primary, secondary and visual recreation, and
e cultural and spiritual values.
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Confirmation of the EVs for the receiving environment will be sought from DERM during the
REMP review process.

Preliminary WQOs have been proposed for the receiving environment for both water and
sediment quality, based on the national ANZECC & ARMCANZ (2000) guidelines; and
published trigger levels to protect the other identified EVs (where available).

As the discharge of treated CSG water is proposed to be undertaken, an eco-toxicology risk
assessment (in accordance with ANZECC/ARMCANZ (2000) methodology) will be
undertaken by Australia Pacific LNG.

If the results of background sampling reveal that guideline trigger levels specific to aquatic
ecology are exceeded, or in the absence of guidelines, where potential risk to environmental
values has been identified, a risk assessment (to be completed by Australia Pacific LNG) will
determine whether toxicity bioassay(s) will provide value. If required, the toxicity bioassay(s)
will be undertaken in accordance with the ANZECC & ARMCANZ guidelines and other
‘current best practice’ standards, and the proposed methodology will be confirmed with
DERM prior to completing the toxicity bioassay(s).

Monitoring Program Design

Four sites in the receiving environment, and three background sites will be monitored in the
Condamine River during the REMP. Flows, bank stability, water quality, sediment quality,
plankton, macrophytes, macroinvertebrates and fish will be the key indicators for monitoring.

Water Flows

The volume of water released from each discharge location will be measured and recorded,
and flow records will be obtained from the following gauging stations: Condamine River at
Chinchilla (422308C), Condamine River at Bedarra (422344A) and Condamine River at
Cotswold (422325A). The flow records will also be obtained from a new gauging station to
be installed upstream of the Talinga WTF. In addition to the data collected from the stream
flow gauging stations, flow at each of the sites will be recorded during REMP surveys.

Bank Stability

Bank stability will be monitored four times per year for the Condamine River sites (notionally
in spring, summer, autumn and winter), using the Sustainable Rivers Audit physical habitat
methodology.

Results of sediment quality sampling for concentration of cations, anions and sodium
absorption ratio (SAR) will also be used to determine soil sodicity, and to comment on the
risk of dispersion.

Water Quality

Water quality at the receiving environment and background sites will be monitored
throughout the duration of the REMP, regardless of whether water is being discharged. It is
intended to collect and analyse two replicate water quality samples, four times per year at
each of the Condamine River sites (notionally in summer, winter, spring and autumn).

The parameters to be monitored are consistent with the indicators currently monitored in
DERM'’s regional water quality sampling program.
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Sediment Quality
Sediment quality will be monitored in conjunction with water quality monitoring.

Two replicate sediment samples from both the bed and banks will be collected and analysed
for the parameters currently monitored in DERM’s regional water quality sampling program.

Plankton

Plankton will be surveyed as indicators of impacts due to a reduction in the concentration of
ions (e.g. calcium and magnesium) in the receiving environment. Samples will be collected
in a plankton trawl net (250 ym mesh), preserved and sorted to determine the species
composition of zooplankton at each site.

Macrophytes

Macrophyte communities and algae abundance will be monitored twice per year at each site:
notionally in the pre-wet season (spring) and the post-wet season (autumn) at the
Condamine River sites, and in the wet season (summer) and the post-wet season (autumn)
at the Yuleba Creek sites.

At each site, macrophytes and algae will be surveyed along three 50 m by 1 m belt transects.
The percent cover of floating, emergent and submerged macrophytes will be visually
estimated by species, noting listed threatened and exotic (and declared noxious) species.

Macroinvertebrates

Macroinvertebrates will be surveyed four times per year at the Condamine River sites
(notionally in spring, summer, winter and autumn), in conjunction with the proposed water
and sediment quality monitoring.

Macroinvertebrate sample collection will broadly follow the standard AusRivAS methodology,
with respect to habitat selection and sampling technique. However, rather than a single
sample, five samples will be collected per habitat. Habitat at each site will be described
using AusRIivAS protocols. Each site will be given a habitat assessment score using the
River Bioassessment Program datasheet (DNRM 2001).

Fish

Fish communities will be monitored twice per year at each site: notionally in the pre-wet
season (spring) and the post-wet season (autumn) at the Condamine River sites.

Fish communities will be surveyed using a combination of backpack or boat electrofishing
(depending on the nature of the waterway being sampled), seine and set nets, baited traps
and dip nets. At each site, the species present and the abundance of each species by life
history stage (juvenile, intermediate, adult), the length frequency distribution for each
species, and the apparent health of individuals will be recorded.

Onsite Observations

General observations will be recorded at each site during each sampling event, to provide an
‘early warning’ of potential adverse impacts. In particular, algal blooms, unusual deposits of
sediment, any evidence of chemical precipitation, and the presence of dead aquatic fauna
will be recorded. If these are detected, this will trigger further investigations of recent
releases, and of water and sediment quality results.
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Data Analysis and Reporting

Interim reports will be provided after each survey event, and will provide a preliminary
comparison of the results to relevant WQOs and other standards, and a preliminary
discussion of potential impacts to the receiving environment.

Annual reports will also be provided, and will include comparison to the relevant WQOs and
other standards, and an assessment of potential impacts to the receiving environment. This
will include the use of univariate and multivariate statistical analyses where appropriate. The
annual report will also provide recommendations regarding the definition of the receiving
environment, monitoring program design, and / or management of discharges as required.

Derivation of Site Specific Background Values

Data from the background sites will be pooled to determine background values for the
Condamine River in accordance with the methods outlined in Section 4.4 of the QWQG.
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1. Introduction

Origin proposes to discharge treated coal seam gas (CSG) water to natural waterways as a
part of the Australia Pacific LNG Project (Australia Pacific LNG). The Condamine River has
been identified as the receiving environment for both the existing discharge from Talinga
Water Treatment Facility (WTF) and the proposed discharge from Condabri Central WTF.

Discharge from Condabri Central to the Condamine River will occur as per the flow regime
specified in the governing Environmental Authority (EA). This will be in addition to current
continuous discharge from the Talinga WTF of up to 20 ML/day occurring from September
2010 until March 2012 (approved under EA PEN100067807) and up to 42 ML/day from
March 2012 onwards.

This report has been prepared by frc environmental and Australia Pacific LNG, and sets out
the proposed design of the Receiving Environment Monitoring Program (REMP) for the
discharges. The aims of the REMP are to:

e describe the background condition of waterways in the receiving environment,
including a description of key communities and ‘background’ (i.e. without
impacts from the proposed discharges) water quality characteristics

e describe the environmental values (EVs) and water quality objectives (WQOs)
of the receiving environment

e identify and describe the extent of any adverse environmental impacts to local
environmental values

e monitor any changes in the receiving water, and
e determine background values for the receiving environment within two years.

Flows, bank stability, water quality, sediment quality, macrophytes, plankton,
macroinvertebrates and fish will be the key indicators monitored during the REMP.

The receiving environment of the Talinga discharge location is defined in EA PEN100067807
as the Condamine River downstream to Cotswold gauging station (approximately 120 km
downstream of the discharge point).

The receiving environment for the Condabri discharge location has not yet been defined by
the Department of Environment and Resource Management (DERM), but based on the
distance of the receiving environment for Talinga, the receiving environment proposed for
Condabri Central WTF discharge is from the discharge location downstream to Yulabilla
(approximately 112 km downstream of the discharge point).

The suitability of this distance for defining the receiving environment will be reviewed based
on the results of baseline monitoring, and the definition of the receiving environment will be
refined as required.

The REMP will be conducted for a minimum of two years. Monitoring will commence at the
next soonest opportunity following approval of the REMP and seasonal monitoring
requirements indicated in the REMP. This will include monitoring in the Condamine River so
that the potential impacts of the Talinga discharge can be monitored, and baseline data can
be collected prior to the commencement of the Condabri discharges. At the completion of
the two years, the scope and scale of the REMP (including a revision of the extent of the
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receiving environment and the number of survey sites) will be reviewed and revised if
appropriate.

Interim reports describing the results of monitoring will be completed after each monitoring
event. Annual interpretive reports will also be completed, which will analyse spatial and
temporal trends, and provide recommendations regarding the definition of the receiving
environment, monitoring program design, and / or management of discharges as required.
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2. Description of the Receiving Environment

21 Location of the Potentially Impacted Waterways

The Talinga and Condabri discharge locations are on the Condamine River. The Condamine
Catchment is 18 131 km? in area, contains approximately 3 636 km of streams, and
comprises approximately 16% of the Maranoa, Balonne and lower Condamine system, and
1.7% of the Murray-Darling Basin (Figure 2.1 & Figure 2.2).

The receiving waters for the Talinga and Condabri discharge locations are proposed to be
the Condamine River downstream to the Cotswold gauging station and Yulabilla
(approximately 14.5 km downstream of the Cotswold gauging station), respectively. This will
be revised based on the results of monitoring as required.

Downstream of the Cotswold gauging station, the Condamine River becomes the Balonne
River, at the township of Surat (Figure 2.2). The Balonne and Maranoa Rivers flow to E.J.
Beardmore Dam (Lake Kajarable), which is approximately 375 km downstream of the Talinga
Discharge location and 360 km downstream of the Condabri discharge location.

The predominant land use in the Condamine Catchment is dryland grazing; however, there
are also several coal seam gas (CSG) developments in the region.

2.2 Previous Relevant Surveys

The most recent and relevant surveys of the receiving environments were undertaken as a
part of the Australia Pacific LNG Project Environmental Impact Statement (EIS)
(Hydrobiology 2009, 2010). The EIS involved a pre-wet and post-wet survey of
approximately 20 sites in the Condamine Catchment for aquatic habitat, water quality,
macrophytes, macroinvertebrates and fish. The EIS also summarises previous studies done
in the region, including a State of the Rivers assessment (Van Manen 2001), Sustainable
Rivers Audit (MDBC 2004), Aquatic Conservation Assessments using the AquaBAAM
methodology completed by DERM, and the SmartRivers program (see EM 2005).

DERM also undertake regular stream flow and water quality monitoring at the following
gauging stations relevant to the REMP study area:

e Condamine River at Chinchilla gauging station (422308C), approximately 36.1
km upstream of the Talinga discharge location and 58.6 km upstream of the
Condabri discharge location, and

e Condamine River at Cotswold gauging station (422325A), approximately 120
km downstream of the Talinga discharge location and 97.5 km downstream of
the Condabri discharge location.

DERM have also surveyed macroinvertebrates at these sites in the past.
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2.3 Aquatic Habitat

The following description of the aquatic habitat of the Condamine Catchment is a summary of
the State of the Rivers report for Condamine Subcatchment of the Maranoa, Balonne and
Lower Condamine System (Van Manen 2001), and surveys completed as a part of the
Australia Pacific LNG EIS (Hydrobiology 2009).

In the State of the Rivers assessment, 1% of the subcatchment was in very poor condition
(ratings for most categories were very low, and the bed and bank habitats were very
unstable); 22% was in poor condition (ratings for most categories were low, and the bed and
bank habitats were unstable); 55% was in moderate condition (ratings for most categories
were moderate, and the bed and bank habitats were moderately stable); 21% was in good
condition (ratings for most categories were high, and the bed and bank habitats were stable)
and 1% was in very good condition (ratings for most categories were very high, and the bed
and bank habitats were very stable).

The Condamine River has perennial water holes and an intermittent flow regime. Other
waterways in the Australia Pacific LNG Project area have ephemeral or intermittent water
holes and an ephemeral or intermittent flow regime. The river carries large flood flows.
During flood events, instream habitat is altered due to scouring, sediment transport, erosion
and the deposition of material such as large woody debris; i.e. instream habitat is not
constant over time (EECO 2009).

The majority of sites surveyed during the Australia Pacific LNG EIS study were in poor or
very poor condition, due to low instream habitat cover and diversity, surrounding land-uses
(including clearing of riparian vegetation) and low bed and bank stability (Hydrobiology
2009). However, five of the sites located in the Condamine Catchment were in good
condition. In contrast to those sites in poor condition, these sites had good channel and
habitat diversity, few impacts from surrounding land uses and good riparian cover (including
good connectivity and shading of the watercourse) (Hydrobiology 2009).

In general, the aquatic habitat condition of larger perennial or intermittent waterways such as
the Condamine River is likely to be greater than that of smaller, ephemeral waterways in the
Australia Pacific LNG Project area. This is because there is generally a greater diversity of
habitat types (such as runs and riffles during periods of flow), and the permanent nature of
the water holes supports the growth of species sensitive to desiccation (such as submerged
macrophytes), which in turn provides habitat and food for aquatic fauna. Conversely, there
are harsh physical and chemical conditions associated with drying pools in ephemeral
systems, such as a loss of habitat as water levels recede, and declines in water quality in
remaining pools (including increased temperature, decreased dissolved oxygen levels and a
concentration of nutrients, salts and contaminants (Hydrobiology 2009 and references cited
therein).

The following description of the aquatic habitat of the Condamine Catchment is a summary of
the State of the Rivers report for Condamine Subcatchment of the Maranoa, Balonne and
Lower Condamine System (Van Manen 2001), and surveys completed as a part of the
Australia Pacific LNG EIS (Hydrobiology 2009).

In the State of the Rivers assessment, 1% of the subcatchment was in very poor condition
(ratings for most categories were very low, and the bed and bank habitats were very
unstable); 22% was in poor condition (ratings for most categories were low, and the bed and
bank habitats were unstable); 55% was in moderate condition (ratings for most categories
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were moderate, and the bed and bank habitats were moderately stable); 21% was in good
condition (ratings for most categories were high, and the bed and bank habitats were stable)
and 1% was in very good condition (ratings for most categories were very high, and the bed
and bank habitats were very stable).

The Condamine River has perennial water holes and an intermittent flow regime. Other
waterways in the Australia Pacific LNG Project area have ephemeral or intermittent water
holes and an ephemeral or intermittent flow regime. The river carries large flood flows.
During flood events, instream habitat is altered due to scouring, sediment transport, erosion
and the deposition of material such as large woody debris; i.e. instream habitat is not
constant over time (EECO 2009).

The majority of sites surveyed during the Australia Pacific LNG EIS study were in poor or
very poor condition, due to low instream habitat cover and diversity, surrounding land-uses
(including clearing of riparian vegetation) and low bed and bank stability (Hydrobiology
2009). However, five of the sites located in the Condamine Catchment were in good
condition. In contrast to those sites in poor condition, these sites had good channel and
habitat diversity, few impacts from surrounding land uses and good riparian cover (including
good connectivity and shading of the watercourse) (Hydrobiology 2009).

In general, the aquatic habitat condition of larger perennial or intermittent waterways such as
the Condamine River is likely to be greater than that of smaller, ephemeral waterways in the
Australia Pacific LNG Project area. This is because there is generally a greater diversity of
habitat types (such as runs and riffles during periods of flow), and the permanent nature of
the water holes supports the growth of species sensitive to desiccation (such as submerged
macrophytes), which in turn provides habitat and food for aquatic fauna. Conversely, there
are harsh physical and chemical conditions associated with drying pools in ephemeral
systems, such as a loss of habitat as water levels recede, and declines in water quality in
remaining pools (including increased temperature, decreased dissolved oxygen levels and a
concentration of nutrients, salts and contaminants (Hydrobiology 2009 and references cited
therein).

24 Water Quality

Water quality was tested (as part of the Australia Pacific LNG EIS) at six upstream and one
downstream site of the proposed discharge site for the Condabri tenement on the
Condamine River and Charley’s Creek (refer to Appendix A for a figure showing survey
sites). One of the upstream sites (RORWB4) is an off river storage. Sampling occurred
twice during the 2009 dry season and once during the 2010 wet season. Water quality in the
Condamine River was a similar quality to other sites within the catchment; pH, turbidity,
dissolved oxygen, nitrogen, phosphorus, aluminium and copper all exceeded existing
guideline values (ANZECC & ARMCANZ 2000 and DERM 2009) (Table 2.1).
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Table 2.1 Summary of water quality from sites on the Condamine River
Dry 1 Dry 2 Wet

“6 (]
Temp | °C 11100 | 16.300 | 14.850 | 15.090 | 22.930 | 18.680 | 20.360 | 25.650 | 21.450
Cond | pSicm | 340 133.000 | 292.000 | 168.000 | 114.000 | 378.000 | 212.000 | 100.000 | 216.000 | 196.000

pH 6.5-
pH unit 7.5 5590 | 8.400 7770 | 6.880 | 7.520 7420 | 6.020 7.970 7.540
Turb | NTU 25 1500 | 1195.000 | 63.100 | 9.320 | 1197.500 | 188.900 | 7.500 197.400 | 76.200

90-

DO | %Sat | 110 | 34900 | 85600 | 72.600 | 28.600 | 123.300 | 65.600 | 20.200 105.100 | 79.600
TDS | mg/L 137.000 | 3150.000 | 344.000 | 97.000 | 2720.000 | 434.000 | 154.000 | 455.000 | 260.000
TSS | mg/lL 15.000 | 476.000 | 67.000 | 5.000 | 1290.000 | 70.000 | 17.000 108.000 | 40.000
NH4 | mg/L | 0.01 | 0.005 | 0.040 0.005 | 0020 | 0.200 0070 | 0.005 0.005 0.005
NOX | mg/L | 0.015 | 0.005 | 0.290 0.160 | 0.005 | 0.520 0.080 | 0.005 0.020 0.005
TKN | mg/L 1200 | 3.700 2500 | 1200 | 6.200 1600 | 0.800 1.300 1.000
N mg/L | 025 | 1400 | 3.700 2600 | 1.400 | 6.200 2100 | 0.800 1.300 1.000
TP mg/L | 0.03 | 0.090 | 0.660 0.260 | 0.090 | 2.250 0.270 | 0.150 0.740 0.180
FRP | mg/L | 0.015 | 0.005 | 0.040 0.020 [ 0.005 | 0.070 0.005 | 0.005 0.070 0.040
Al(d) | mgiL | 0.055 | 0010 | 0.760 0.280 | 0.005 | 0.240 0.090 | 0.040 0.240 0.160
Cu(d) | mg/L | 0.001 | 0.001 | 0.002 0.002 | 0001 |0.005 0.002 | 0.001 0.002 0.001
Mn(d) | mgiL | 1.9 0.003 | 0.083 0.006 | 0.002 | 0.465 0.009 | 0.009 0.566 0.116
B(d | mg/L | 037 |0025 | 0060 0025 | 0025 | 0.060 0025 | 0.060 0.090 0.080
Fe(d) | mgiL 0.001 | 2.800 0230 | 0.025 | 3.800 0.120 | 0.430 2.530 0.590
Al(t) | mglL 0.220 | 83300 | 8710 | 0.060 | 107.000 | 10.400 | 0.340 6.940 1.870
Cu(t) | mg/L 0.001 | 0.053 0.006 | 0.001 | 0.065 0.006 | 0.004 0.011 0.006
Mn(t) | mgiL 0.036 | 2.460 0.111 | 0.015 | 4.220 0.113 | 0.114 0.787 0.149
B(t) | mglL 0.003 | 0.060 0.003 | 0.003 | 0.080 0.003 | 0.003 0.060 0.003
Fe(t) | mgiL 0.990 | 109.000 | 10.100 | 0.280 | 143.000 | 11.600 | 2.630 15.600 | 10.200

Source: ((Hydrobiology, 2010) (Hydrobiology, 2009))

Generally, the Condamine-Balonne system, including the Australia Pacific LNG study area, is
characterised by high turbidity that exceeds guideline values (DEWHA 2007a; Hydrobiology
2009). This is consistent with the results of the water quality testing. The highest turbidities
are in the less intensively cultivated lower reaches of the catchment, which indicates that the
natural soil type of the region may be the cause of high turbidity recordings (DEWHA 2007a).
However, vegetation clearing and cattle grazing are known to cause erosion, and are likely to
contribute to high turbidity (DEWHA 2007a). No significant increases in turbidity have been
reported in the Condamine catchment over the last decade; however, turbidity levels
generally increase with distance downstream (DEWHA 2007a).
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Nutrient levels can be high in the catchment (DEWHA 2007a), with nutrient levels exceeding
the Queensland Water Quality Guidelines (QWQG) during the EIS surveys (Hydrobiology
2009). Total nitrogen exceeded the QWQG (DERM 2009) levels at all sites, and the majority
of this was Kjeldahl nitrogen, indicating that most nitrogen was present in organic form.
Ammonia exceeded the QWQG at sites GF7 (Charley’s Creek) and GF8 (Condamine River —
downstream of proposed discharge point) during the first dry season survey and at all sites
during the second dry season survey. Similarly, oxides of nitrogen (NOx) exceeded the
QWQG for most sites. Total phosphorus concentrations exceeded the QWQG at most sites,
and FRP concentrations also exceeded guidelines at a number of sites. The results indicate
that the majority of phosphorus was derived from diffuse (agricultural) sources such as
fertilisers and was delivered to the waterways in particulate form, associated with sediment
runoff, although further sampling would be required to determine baseline phosphorus
conditions with any level of confidence.

Low dissolved oxygen levels were recorded from the Condamine River and Charley’s Creek
sites, however, this is expected as none of the sites were flowing at the time of sampling and
standing or stagnant waterbodies regularly record levels lower than 50% (ANZECC &
ARMCANZ 2000; QWQG 2009), but can be much higher (Smith et al. 2004).

Concentrations of dissolved aluminium and copper exceeded the ANZECC & ARMCANZ
(2000) 95% protection limits for most sites within the Condamine River and Charley’s Creek,
and no seasonal pattern was detected. This could be a result of the combination of regional
geology and anthropogenic sources. The elevated aluminium concentrations were expected
due to the presence of clayey soils within the region. It is likely that the majority of the
dissolved aluminium fraction were associated with colloidal clays (which can pass through a
0.45um filter) and are not present in a bioavailable form. However, further examination would
be required to determine the reasons for the elevated copper throughout the catchment.
Sediments with naturally occurring elevated metal contents can influence the levels within
the water column as the sediments are eroded and moved within the waterway. Additionally,
other physico-chemical parameters, such as pH and reduction/oxidation potential (redox),
can lead to the reduction of some metals (e.g. iron and manganese) bound to particulate
matter and remobilisation of dissolved (bioavailable) forms. All other metal concentrations
were within the ANZECC & ARMCANZ guidelines.

Agriculture in the Condamine Catchment has a strong reliance on the use of pesticides and
fertilisers. The herbicide atrazine can persist in both soil and water for a long time. Low levels
of atrazine residues have been consistently detected in the aquatic environment of the
Condamine Catchment, especially close to cropping lands (CA 2004).

High surface water concentrations of atrazine and endosulfan have been recorded in up to
91% of samples from some weirs in the Uplands and the Upper Floodplain of the catchment
(CA 2004). CBWC (1999) regularly recorded pesticides (particularly Atrazine, Endosulfan,
Prometryn, Fluometuron and Methomyl) at sites in the Condamine-Balonne catchment.
Levels were generally lower during drought conditions and highest during summer (peak
cropping times) and following rainfall. Pesticides have also been linked to fish mortality
events in the catchment (CBWC 1999).

However, pesticides were not found in detectable concentrations at any site and this was not
unexpected given the very dry antecedent conditions prior to the dry season sampling. Given
the agricultural nature of the catchments, particularly in areas of intense cropping (e.g.
cotton), some pesticides would be expected following rainfall. However, wet season sampling
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results did not detect pesticides either. The lack of detectable concentrations of pesticides in
the post-wet season survey is possibly a reflection of the lag time between flooding events
and sampling (one month) and associated physical and chemical pesticides degradation
processes (e.g. Volatilisation, adsoption to soil particles, photodegradation).

A number of sites recorded elevated TPH concentrations in both dry and wet seasons.
Subsequently, a silica gel cleanup was conducted on the samples within the laboratory. All
TPH results from the additional testing were less than laboratory analysis detection limits,
indicating that any TPH present was likely to have resulted from natural, biogenic sources
(e.g. some algae and the decay of organic material).

2.5 Macrophytes

In general, macrophyte richness and abundance is low in the Condamine Catchment.
Emergent macrophytes are the most common form, with common emergent macrophytes
including common reed (Phragmites australis), cumbungi (Typha spp.), knotweeds
(Persicaria sp.), sedges (Cyperaceae) and the introduced weed species alligator weed
(Alternanthera philoxeroides) and para grass (Urochloa mutica) (Van Manen 2001; frc
environmental 2009a; Hydrobiology 2009).

At sites where water clarity allowed for a visual assessment of macrophytes in the State of
the Rivers survey, low turbidity also supported the growth of submerged macrophytes that
were recorded at 38% of sites, including species such as native watermilfoil (Myriophyllum
spp.) and hornwort (Ceratophyllum demersum) (Van Manen 2001). Floating vegetation was
only recorded at 4% of the sites that were surveyed, and included water snowflake
(Nymphoides indica), swamp lilies (Ottelia ovalifolia), nardoo (Marsilea mutica), and Azolla
spp. (Van Manen 2001). Ludwigia spp. is also a relatively common floating macrophyte
species in the catchment (frc environmental 2009b; Hydrobiology 2009).

In general, there is a lower diversity and coverage of macrophytes in ephemeral waterways
than in perennial waterways, and communities are dominated by emergent species.
Ephemeral waterways do not offer good habitat for submerged macrophytes, as these plants
are sensitive to desiccation and die when ephemeral waterways dry out. Similarly, ephemeral
watercourses in the Condamine Catchment are generally characterised by high turbidity
(Hydrobiology 2009), which may not allow sufficient light penetration through the water
column for the growth of macrophytes on the substrate. Conversely, perennial waterways
offer stable, permanent water holes that may be colonised by emergent, floating and
submerged macrophytes, particularly where these waterways have lower turbidity.

Rare and Threatened Species

Eleocharis blakeana and Fimbristylis vagans have been recorded from, or are likely to occur
in, the Condamine Catchment. These species are classified as ‘Near Threatened’ under the
Natuqe Conservation Act 1992 (as listed under the Nature Conservation (Wildlife) Regulation
2006").

Eleocharis blakeana (family Cyperaceae) grows in ephemeral watercourses and is often
associated with brigalow and belah woodland and on clay soils (Harden 1993). Fimbristylis
vagans (fringing rush; family Cyperaceae) is associated with clay pans, open sedge land and
sparse-tussock grasslands on shallow alluvial sand plains (DERM 2005) but may also occur

1 Reprint No. 1C, as in force on 21 May 2010.
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in other ecosystems (other species of Fibristylis are common in pastures of central
Queensland) (Anderson 1993).

2.6 Macroinvertebrates
Refer to Appendix B for a description of the macroinvertebrate indices discussed below.

Between 13 and 35 taxa were recorded in edge habitat at each site in the Australia Pacific
LNG EIS survey area in edge habitat in the dry season, with 13 to 30 taxa recorded at sites
on the Condamine River (Hydrobiology 2009). Richness was slightly lower at each site in the
wet season, with 12 to 29 taxa recorded per site in the catchment, and between 12 and 25
recorded at sites on the Condamine River (Hydrobiology 2010). Between 10 and 21 taxa
were recorded from bed habitat at sites on the Condamine River in the dry season, and
between 9 and 11 taxa per site in the post-wet season (Hydrobiology 2009, 2010).

Sites on the Condamine River had higher numbers of PET families in edge habitat than at
tributary sites such as Yuleba Creek during both surveys, with four PET families recorded in
the edge habitat at two of the three sites surveyed in the river. In comparison, only one PET
taxa was recorded from Yuleba Creek in the dry season, and two per site were recorded in
the wet season. In general, PET richness of <1 is indicative of degraded water or habitat
quality, PET richness of 1 — 4 is considered to indicate moderate water / habitat quality, and
PET richness of >4 indicates good water / habitat quality. That is, PET richness at sites on
the Condamine River as indicative of good habitat and / or water quality.

The interpretation of SIGNAL 2 scores in conjunction with the number of macroinvertebrate
families recorded, enables the simple characterisation of aquatic macroinvertebrate
communities on a bi-plot. Communities from edge habitat in the Condamine River were
within quadrants 2 and 4 of the bi-plot, which indicates these communities are likely to be
influenced by high turbidity, nutrient and salinity levels or other forms of disturbance such as
urban, agricultural or industrial runoff or flow regulation (Hydrobiology 2009, 2010). Other
studies in the region had similar results (e.g. frc environmental 2009c and references cited
therein).

Communities from edge habitat in the Condamine River had a higher proportion of taxa from
the shredder functional feeding group than communities from composite bed habitat or
communities from edge habitat at other sites in the study area (including Yuleba Creek)
(Hydrobiology 2009, 2010). This specialist feeding group is generally more sensitive to
disturbance than more generalist feeders such as predators or scavengers.

At the Condamine River sites, macroinvertebrate communities in the dry season were
dominated by taxa with a preference for low to no flow at two of the survey sites in the vicinity
of the Talinga discharge location, and by taxa with no flow preference further downstream on
the Condamine River. Similarly, while the communities at the two sites near the Talinga
discharge location showed a weak preference for fine substrates in the dry season, the
majority of taxa recorded downstream from here had no preference for substrate type
(Hydrobiology 2009).

In the wet season, the proportion of taxa that had no flow preference was higher than in the
dry season at sites near the Talinga discharge location, though taxa that prefer high flows
were also recorded at one of these sites (the site downstream of Talinga was not surveyed in
the wet season) (Hydrobiology 2010). Similarly, there was a greater diversity of taxa with
different substrate preferences (including coarse substrates) near Talinga in the wet season
(Hydrobiology 2010).
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It is important to consider the results of each macroinvertebrate indices when determining the
condition of a site or stream, and also to consider seasonal data. Overall, the
macroinvertebrate communities from the Condamine River are indicative of moderate habitat
and water quality. It is likely that macroinvertebrate richness, particularly in terms of the
number of sensitive species present, is lower than natural (pre-development) conditions.

Macrocrustaceans

The following macrocrustacean species have been recorded from the Condamine Catchment
(frc environmental 2009b, c, d; Hydrobiology 2009, 2010):

e Cherax destructor (yabby)

e Cherax depressus (orange-fingered yabby)

e Cherax quadricarinatus (red claw crayfish)

e Macrobrachium australiense (common Australian river prawn)
e Paratya australiensis (Australian paratya (shrimp)), and

e Caradina sp. (freshwater shrimp).

Of these, native yabby (Cherax. sp.), red claw crayfish and Australian river prawn were
captured from the Condamine River during the Australia Pacific LNG EIS surveys.

Parastacids (freshwater crayfish), the largest freshwater invertebrate family, are common in a
variety of habitats such as lakes, streams, ponds and swamps. Cherax is a common genus
of this family, and is also known as the yabby. Yabbies are omnivorous, and feed on
decaying plant matter, aquatic invertebrates and fish. They are able to aestivate in their
burrows (which may be up to 2 m deep) to survive droughts (Gooderham & Tsyrlin 2002).
Cherax are moderately tolerant of poor water quality (Chessman 2003), including low
concentrations of dissolved oxygen, which allows them to survive in ephemeral streams that
are impacted by surrounding land-uses.

Freshwater prawns (Macrobrachium sp.), unlike yabbies, are not resistant to desiccation and
therefore mostly inhabit permanent waterbodies (Williams 1980). Freshwater prawns feed
on decaying organic matter (Gooderham & Tsyrlin 2002). Atyid shrimps (including Paratya
and Caradina) are more tolerant of seasonal drying of creeks and rivers, breeding when
creeks become a series of poorly connected pools (Gooderham & Tsyrlin 2002). However
for the first months of their lives the shrimp have a planktonic stage (Gooderham & Tsyrlin
2002) and are therefore unable to survive complete drying of the pools at such time.

2.7 Fish

Twenty five fish species from 13 families have been recorded from the Condamine
Catchment (Table 2.2 ). One species known from the catchment, the Murray cod
(Maccullochella peeli peeli), is listed as vulnerable under the Environment Protection and
Biodiversity Conservation Act 1999 (EPBC Act). Four of the known species in the catchment
are exotic: goldfish, carp, mosquitofish and guppy (Table 2.2). Mosquitofish and carp are
declared noxious species in Queensland under the Fisheries Regulation 2008. Goldfish and
guppies are listed as a non-indigenous fish under the Fisheries Regulation 2008.

Thirteen fish species were recorded from the Condamine Catchment study area during the
Australia Pacific LNG EIS field surveys, including three exotic species (goldfish, carp and
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mosquitofish) (Table 2 .2). During the dry season, the greatest number of species was
recorded in the Condamine River (up to 8 per site), though the Condamine River sites also
had a greater proportion of exotic species in the catch than smaller tributary sites, including
goldfish, carp and mosquitofish (Hydrobiology 2009).

However in the post-wet season survey, a moderate number of species were caught from the
river (more species were caught in Charley’s Creek, a tributary of the Condamine River), and
mosquitofish were the only exotic species captured (Hydrobiology 2010). That is, the more
permanent water holes in the Condamine River offer suitable refuge habitat for a range of
native and exotic species in the dry season. However, fish are likely to disperse throughout
the system in the wet season.
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Table 2.2 Fish species caught in the Condamine Catchment during previous
studies and the Australia Pacific LNG EIS surveys

Family Study
Species Common Name Previous Australia Pacific |
Surveys LNG EIS Surveys

Ambassidae
Ambassis agassizii Agassiz’s glassfish v v
Antherinidae
Craterocephalus stercusmuscarum | fly-specked hardyhead v
Craterocephalus amiculus Darling River hardyhead v
Clupeidae
Nematolosa erebi bony bream v v
Cyprinidae
Cyprinus carpio* common carp v v
Carassius auratus* goldfish v v
Eleotridae
Hypseleotris spp. carp gudgeon v v
Hypseleotris sp. 1 Midgley’s gudgeon v
Hypseleotris klunzingeri western carp gudgeon v
Mogurnda adsepersa purple spotted gudgeon v
Hypseleotris galii firetail gudgeon v
Hypseleotris sp. 2 Lake's carp gudgeon v
Philypnodon grandiceps flathead gudgeon v v
Melanotaeniidae
Melanotaenia fluviatilis Murray River rainbowfish v v
Melanotaenia duboulayi crimson-spotted rainbowfish | v/
Galaxiidae
Galaxias olidus | mountain galaxias v |
Gadopsidae
Gadopsis marmoratus | river blackfish v |
Percichthyidae
Maccullochella peelii peelii Murray cod v
Macquria ambigua golden perch / yellowbelly v v
Plotosidae
Neosilurus hyrtlii Hyrtl's tandan v v
Tandanus tandanus eel-tailed catfish v v
Poecillidae
Poecilia reticulata* guppy v
Gambusia holbrooki* mosquitofish v v
Retropinnidae
Retropinna semoni Australian smelt v v
Terapontidae
Leiopotherapon unicolor spangled perch v v
Bidyanus bidyanus silver perch v v

! (DPI 2002; EPA 2007; frc environmental 2009b; c; d; Hydrobiology 2009 and references cited

therein)
2 (Hydrobiology 2009), 2010
*  Exotic species
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Rare and Threatened Species

The Murray cod is found in a range of warm-water habitats in the waterways of the Murray
Darling Basin (DEWHA 2007b). This species can be found in a variety of habitats, including
slow-flowing turbid waters as well as fast-moving, clear waters in upstream reaches (Allen et
al. 2002). However, it prefers deeper-water habitats around in-stream habitat structures such
as boulders, logs, undercut banks and overhanging vegetation (Allen et al. 2002). In-stream
woody debris is particularly important to this species, with adults establishing home
‘territories’ around a particular snag (DEWHA 2007b). Murray cod are predators that feed on
a variety of prey items, including macrocrustacens and other fish (including the introduced
carp and goldfish) (DEWHA 2007b). This species migrates upstream (up to 120 km
upstream) during spring and early summer to spawn during flood events when water
temperatures exceed 15 °C (Hydrobiology 2009), with adults then returning to their home
territory (DEWHA 2007b).

Murray cod were not recorded during field surveys for the Australia Pacific LNG EIS
(Hydrobiology 2009). However they are known from the Condamine River system (they
typically occur throughout the Murray-Darling Basin in all but the upper tributaries of river
systems, (DEWHA 2007b), where it is thought that there have been serious declines in
numbers due to habitat loss and declines in water quality (Kearney & Kildea 2001). Instream
structures such as weirs have the potential to impact movement and migration of Murray cod,
although stocking programs in the river may mask the effects of this, and other impacting
processes, on populations of this species. Fingerlings are regularly stocked to a number of
impoundments on the Condamine River, including Miles, Dalby and Chinchilla weirs, and
Cooby and Leslie dams on tributaries to the Condamine River (Kearney & Kildea 2001).

Fish Movement

The relative composition and abundance of fish communities within the study area is largely
controlled by the life history requirements of the species involved. Many of the fish native to
ephemeral systems of central and western Queensland migrate up and downstream, and
between different habitats at particular stages of their lifecycle. Stimuli for movement include
small and large discharge events and changes in temperature. Australian rivers are
notoriously unstable, and fish may need to move up and downstream to avoid undesirable
water quality and the drying out of pools (Freshwater Fisheries Advisory Committee 1996;
Kennard 1997).

Of the fish likely to be found in the Condamine River most undertake freshwater migrations
(Cotterell 1998; Marsden & Power 2007) (Table 2.3). Adult Murray cod, golden, silver and
spangled perch move upstream to spawn, and juveniles move downstream for dispersal.
This movement typically occurs in spring and summer, and is triggered by large flow events
(Cotterell 1998). Glassfish, rainbowfish and gudgeons move within freshwaters to disperse
to new habitats. This movement also typically occurs following flow events; and in the case
of the Condamine River could only occur when there is flow (i.e. when the isolated pools
currently holding these species are connected).

Habitat Requirements and Water Quality Tolerances

The fish species occurring in the Condamine Catchment require some physical in-stream
habitat to provide shelter or for reproduction. Physical in-stream habitat also supports
diverse macroinvertebrate communities, which are prey to many of the fish found in the
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Condamine River. The distribution, habitat and sensitivity of species found in the Condamine
Catchment are discussed in the EIS (Hydrobiology 2009).

Most of the species that were captured from the Condamine Catchment during EIS surveys
can tolerate a large range of water quality conditions (Table 2.4). Spangled perch, glassfish,
carp gudgeons, rainbowfish, eel-tailed catfish and Australian smelt are tolerant species that
can live in water characterised by low dissolved oxygen levels, high conductivity and
relatively high turbidity (Table 2.4). Although exact water quality tolerances could not be
sourced for the exotic carp, goldfish and mosquitofish, these species are also reported to
have wide environmental tolerances. Golden perch and bony bream have narrower water
quality tolerances than the other species caught in the Australia Pacific LNG EIS surveys.
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2.8 Fluvial Geomorphology

The Condamine-Balonne catchment can be broken into several major geomorphic units.
Sandstone hills and slopes dominate the western and north-western boundaries, while there
are basaltic uplands to the east and north and undulating clay downs downstream of Dalby.

Quaternary deposited alluvium occurs along the Condamine River and major tributaries,
becoming more extensive towards and downstream of Chinchilla (Condamine Alliance 2004).

The Condabri tenement is largely within the transport Valley Process Zone (VPZ) and,
further, is mostly within the mid-Condamine mobile Functional Process Zone (FPZ) and
immediately upstream of the mid-Condamine meandering zone, with the anabranching,
meandering and distributary zones further downstream. Thus, the Condamine River in the
vicinity of the Condabri tenement has the following characteristics typical of mobile and
meandering zones:

e a wide valley floor compared with the remainder of the catchment (5 — 15 km
wide), comprising mainly quaternary alluvium set within clay plains with slopes
typically < 5 % that were derived by erosion and slope wash from the weathered
sedimentary rocks

e an irregularly meandering channel that shifted to a relatively active, unrestricted
meandering river channel at about 15 km downstream of the Leichhardt Highway
crossing

e well-developed floodplain features, including former channels (paleochannels),
flood channels, avulsions, meander cut-offs and minor anabranching, particularly
downstream of the Leichhardt Highway crossing

o well developed inset floodplain features, including point and lateral bars, benches
(at various levels), levees and networks of flood runners

e predominantly U-shaped channels with concave, convex and stepped banks
(MDBC 2003)

¢ moderately to highly stable beds and banks (MDBC 2003)

e distinct high and low flow channels

¢ relatively mobile bed sediment, contributing to high rates of sediment transport
e significant storage areas within the channel

e bank sediments of fine sands, silt and clays contributing to relatively flow resistant
banks, and

e a prominence of highly sodic soils within the catchment, with many banks
consisting of sediments with some sodicity. More than 70 % of soils catchment-
wide had some sodicity, with about 30 % being strongly sodic (Condamine
Alliance 2004).

Table 2.5 shows the geomorphic characteristics associated with the sites surveyed along the
Condamine River during the Australia Pacific LNG EIS. These sites have an overall
disturbance rating of high to very high, with the dominant disturbance vegetation clearing and
sediment-laden run-off. The sites are mainly aggrading i.e. sediment is progressively
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building up on the channel flow, most likely as a result of upstream disturbance. Floodplain
vegetation is poor, however these reaches generally display continuous vegetation that
provides added stability to banks. These reaches show evidence of historical incision with
more recent infilling resulting from vegetation clearance, gullying and stock incursion. Most
reaches typically have benches / terraces, with raised flood channels / floodouts (within and
above channel) at locations on both sides. Gullying is evident at all sites.

The general trend within all assessment sites is one of infilling. All sites are undergoing
moderate aggradation, mostly sourced from gullying. Banks vary in stability from moderately
unstable to stable.
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Catchment Sediment Processes

Gully density in the Condamine-Balonne River catchment was generally low, but there were
patches of densities between 0.1 and 0.5 km/km? particularly in the mid- to upper-
Condamine (Hughes & Prosser 2003). CCMA (1999) stated that much of the Condamine
River catchment was affected by gullying and that it was the most common form of erosion of
streambanks, particularly in areas where riparian lands had been cleared. Gullying was also
exacerbated by the presence of sodic soils within the catchment, as described above. This
has resulted in significant areas of siltation within the Condamine River. This was confirmed
by the survey of the sites in the Australia Pacific LNG EIS.

Although sediment loads were not directly assessed during the survey, information sourced
from national scale resource mapping shows that the existing fine sediment load within the
Condabri tenement is much higher than natural conditions. NLWRA (2001) suggested that
the fine sediment load within the Condamine River (main channel) was 10-50 times higher
than natural conditions and loads within Condamine River tributaries are 50-100 times
natural conditions. Broad scale modelling of sediment balance for the whole Condamine
catchment indicated that the load was generally derived from river bank, gully and hillslope
erosion (NLWRA 2001). The latest published modelling suggests that gully erosion and
hillslope erosion contribute more to this budget than river bank erosion (Hughes & Prosser
2003).

2.9 Hydrology
General

The Condamine River flow east to west through the Condabri development area and
becomes the Balonne River approximately 60km south of Roma and ultimately the Darling
River.

There are several gauges located on the Condamine River which were used to assess flows
and levels:

= Condamine River at Chinchilla Weir;
=  Condamine River at Condamine;

= Condamine River at Bedarra; and

=  Condamine River at Cotswold;

Records of large floods along the Condamine extend back as far as 1887 at Warwick with
extensive records at several other locations on the mainstream. Major floods occur regularly,
on average every two years. The worst flooding recorded occurred in 1942, 1950, 1956,
1975, 1976, 1983 (twice), 1988 and 1996. Major floods generally only occur in the first half
of the year although records indicate that they may also occur in late spring’.

An analysis of hydrological conditions for relevant watercourses within the Project boundary
was undertaken for the Australia Pacific LNG EIS to assess impacts at the nominated
discharge locations.

This included an analysis of flow characteristics for the Condamine River for the proposed
discharge location in the Condabri development area, it consisted of three parts:

e Flood flow and geomorphic assessment — undertaken to determine flood
flow level and sedimentation and erosion behaviour
commercial-in-confidence Q-LNG01-15-PS-0001
Australia Pacific LNG Pty Limited ABN 68 001 646 331

Level 3, 135 Coronation Drive, Milton, Qld, 4064
GPO Box 148, Brisbane, Qld, 4001 « Telephone (07) 3858 0280+ Facsimile 1300 863 446 + www.aplng.com.au 23



‘ :
LNG
Receiving Environment Monitoring Program: Condamine River

e Flow Exceedance Analysis — undertaken to determine the range of daily
flows likely to occur in the watercourse and the statistical likelihood of these
flows occurring in a given period

e Seasonal Flow Variation — undertaken to determine the flow pattern likely to
occur in the watercourse over a year

Flood Flow & Geomorphologic Characteristics

The hydraulic assessment was undertaken on the Condamine River between the proposed
discharge locations Talinga WTF and Condabri Central WTF. The assessment included
using a hydraulic model to characterise flooding conditions, its findings are summarised
below:

e Stream power was found to be very low (less than 7W/m?) up to a flow
equivalent to the 90™ percentile long term historic flow exceedence

e From the 90" percentile flows to bank full conditions (800m®/s or 69120ML/d)
stream powers were greater than 7W/m? but generally less than 35W/m?

e Bank full flow conditions generally correlated with flows above the 99"
percentile exceedence flow, that is, flow which occurred less than 1% of the
simulation period

e The hydraulic model results for stream power support the geomorphic
observations from the site visit, that this reach is generally undergoing
aggradation.

e Stream stress was generally low, up to an average of 2.6N/m? at a 90"
percentile flow and an average of 15 N/m? at bank full

e The upper limit of the modelled range of additional discharge of 235ML/d into
no flow conditions produced a modelled depth of approximately 0.7m

e Under flow conditions up to a 90" %ile flow depths were generally less than
2m

e Bankfull flow was approximately 8.6m deep throughout the 4.5km reach of
the Condamine River

e Based on a flood frequency analysis the 1 in 2 year ARI flow was found to be
approximately 226m®/s and the 1 in 50 year ARI flow approximately 3320
m®s. Therefore the 1 in 2 year ARI flow is significantly less than bank full
conditions.

Flow Exceedance

Table 2.6 provides a key flow statistics from the statistical analysis of historical stream flow
data for the two Condamine River gauges. Below summaries findings drawn from the
Condamine River gauge data:

e There is a significant increase in the percentage of time that no flow occurs
within this reach of the Condamine River pre and post construction of the
Chinchilla Weir.
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e Generally, the percentage of time that no flow occurs in this reach of the
Condamine River has increased over time. The exception is the period
between approximately 1975 and 1984 where a high proportion of the record
is dominated by small flows of less than 100ML/d.

e There is no flow in this reach of the Condamine River for up to 75% of the
period from 2005 to present.

e There is no flow in this reach of the Condamine River for up to 45% of the
period from 1995 to 2005.

e Generally, there is a higher frequency of no flow observed at the gauge at
Cotswold than at the Chinchilla gauge.

e Analysis of the pre and post weir streamflow data shows that the median
(50™ percentile) flow has reduced from approximately 88ML/d to 13.4ML/d.

e The median (50" percentile) flows have showed a decreasing trend since the
early 1980’s.

e Similar trends are observed for high flows as noted for median flows.

Table 2.6Flow Exceedence statistics, Condamine River pre and post Chinchilla Weir

Gauge Data Long Term Historic Pre-weir Post Weir (from 1973
Available onwards)
(to 1972)
% Median | Low % Median | Low % Median | Low
time Flow Flow* time Flow Flow* time Flow Flow*
there | (ML/d) (ML/d) | there | (ML/d) (ML/d) | there | (ML/d) (ML/d)
is no is no is no
flow flow flow
Condamine | 1966- 20% | 33 16.50 5% 88 44 25% 13 6.5
River @ present
Chinchilla
(upstream)
Condamine | 1955 — 30% | 354 17.7 10% | 62.5 31.25 35% | 29.6 14.8
River @ present
Cotswold”

* Low Flow as defined by the Condamine-Balonne ROP is half of the median daily flow within a simulation period

2.10 Summary

The ecological health of waterways in the Condamine Catchment within the study area is
considered to be poor to moderate, and similar to that reported for the wider catchment in
other studies. Environmental values are dictated primarily by the ephemeral nature of many
of the region’s waterways, although agricultural development (particularly grazing) and water
resource development within the region is likely to have had a negative impact on water
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quality and the physical characteristics of aquatic habitat. Degraded waterways in the
catchment are characterised by the loss of riparian vegetation, erosion, low habitat diversity,
invasion of weed species, poor water quality and sedimentation. Existing structures such as
weirs and road crossings are likely to have altered flow and restricted aquatic fauna passage
under particular flow regimes.

Water quality is generally poor and is characterised by high turbidity and low or variable
concentrations of dissolved oxygen. Watercourses within the region are impacted by
relatively high inputs of nutrients, pesticides and other contaminants from surrounding land
uses, and are subject to a range of severe natural stresses.

The coverage and richness of macrophytes is low. Richness and abundance of
macroinvertebrate and fish communities is moderate, with species both tolerant and sensitive
to disturbance being recorded in the Condamine River. Most of the species recorded either
do not have a preference for particular flow conditions or substrate type, or they prefer low
flows and fine substrates e.g. pool habitat. However, macroinvertebrate taxa that prefer high
flows and coarse substrates were recorded from the Condamine River in the wet season.
Introduced species, including the declared noxious mosquitofish and carp, and the
introduced goldfish, alligator weed and para grass, are known from the Condamine
Catchment.

No rare or threatened species of aquatic flora fauna were recorded during the Australia
Pacific LNG EIS surveys. However, two threatened macrophytes and the threatened Murray
cod are known from the Condamine Catchment, and may be present in the Condamine
River.

The Condamine River in the vicinity of the Condabri tenement has characteristics typical of
mobile and meandering zones. These sites surveyed had an overall disturbance rating of
high to very high, with the dominant disturbance vegetation clearing and sediment-laden run-
off.

In the dry season, the Condamine River in the vicinity of the Talinga tenement is
characterised by isolated, permanent pools, which are connected during wet season flows.
Major floods occur regularly, on average every two years. There has been an increase in the
percentage of time that there is no flow in the river, and a reduction in median flow, since
water resource development has occurred in the catchment (such as construction of
Chinchilla Weir).
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3. Environmental Values

EVs of waterways are protected under the Environmental Protection (Water) Policy 2009
(EPP Water). They respond to the specific values of each waterway; determined by
physical, biological, social, economic and historical features. No EVs have been prescribed
for waterways in the Condamine Catchment under the EPP Water. The following is a list of
EVs that may apply to waterways in Queensland, based on the EPP Water (adapted from
EPA 2005):

e ecosystem — the intrinsic biological value of aquatic ecosystems that are:
e unmodified or highly valued (high ecological value waters)

¢ unmodified in terms of biological indicators, but slightly modified with respect to
other indicators such as water quality (slightly disturbed waters)

e adversely affected by human activity to a relatively small but measurable degree
(moderately disturbed waters), or

e measurably degraded and of lower ecological value than those waters described
in points A — C above (highly disturbed waters)

e primary industries — the suitability of the water for:

e irrigation — of crops such as sugar cane, lucerne etc.

o farm water supply — uses other than drinking water

e aquaculture — such as barramundi or red-claw farming

e human consumers — health of humans consuming wild or stocked fish or
crustaceans from natural waterways

e recreation and aesthetic values — the suitability of the water for:

e primary recreation — health of humans undertaking activities where there is a high
probability of water being swallowed, e.g. swimming

e secondary recreation — health of humans undertaking activities where there is a
low probability of water being swallowed, e.g. boating, fishing

e visual recreation — amenity of waterways for recreation that does not involve
direct contact with the water, e.g. picnicking adjacent to the waterway

e drinking water — the suitability of the water for supply as drinking water

e industrial uses — the suitability of the water for industrial use, and

e cultural and spiritual values — indigenous and non-indigenous cultural values.
31 Level of Protection

Surrounding land-uses have impacted the waterways of the receiving environment, however
these waterways are not considered to be of lower ecological value to similar streams in the
region. They should be considered slightly — moderately disturbed based on the
classifications presented above, and therefore be under Level 2 protection (ANZECC &
ARMCANZ 2000; DERM 2009b).
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3.2 Draft Environmental Values

Draft EVs were defined for the study area based on literature review and consultation with
Australia Pacific LNG. A conservative approach was taken to assigning EVs — if it was
possible or likely that the waterways are used for a particular purpose, this was included as
an EV.

Based on the available information, the following is a preliminary list of EVs that apply to the
receiving environments:

e aquatic ecosystem (slightly to moderately disturbed)

e irrigation and farm water supply (does not include drinking water)
e stock watering

e drinking water

e human consumers

e primary, secondary and visual recreation, and

e cultural and spiritual values.

Confirmation of the EVs for the receiving environment will be sought from DERM during the
REMP review process.
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4, Water Quality Objectives (WQOs)

Currently, there are no regional guidelines / WQOs for surface waters or instream sediments
in the Condamine Catchment. Therefore, the Australian and New Zealand Water Quality
Guidelines for Fresh and Marine Waters (ANZECC & ARMCANZ 2000) default national
trigger values for slightly to moderately disturbed ecosystems were used to set WQOs for the
receiving environment. The default national trigger values for physico-chemical parameters
and for nutrients have been derived using a ‘reference-based’ approach (ANZECC &
ARMCANZ 2000) (for more information refer to Appendix C). The default national trigger
values for toxicants in water and sediment are based on direct toxicity assessments of the
biological effects of these toxicants (ANZECC & ARMCANZ 2000).

The default national guidelines (ANZECC & ARMCANZ 2000) are unlikely to be appropriate
for use as WQOs for intermittent and ephemeral inland streams apart from during baseflow
conditions (which are rare; DERM 2009b). Similarly, trigger levels for toxicants in sediments
were developed using data predominantly from the United States, and may not be applicable
for intermittent and ephemeral inland Australian streams (Simpson et al. 2005a). Therefore,
the derivation of regional or local guidelines is encouraged (DERM 2009b).

Regional WQOs will be derived for the Condamine Catchment by DERM in the future and will
be incorporated into future versions of the Queensland Water Quality Guidelines (QWQG).
This will be done using a ‘reference-based’ approach, based on data collected at reference
sites surveyed in DERM’s regional monitoring program. The criteria for a reference site, and
the methods used to determine reference-based regional WQOs, are presented in Appendix
C.

Site-specific background values for the receiving environment will be determined based on
the data collected during the REMP. These background values will be specific to the
Australia Pacific LNG Project, and will provide an indication of the background (i.e. without
impacts from the proposed discharge(s)) condition of water quality. The same methods used
to derive regional WQOs can be used to determine background values (see Appendix C for
details).

Background values results will be used to assist with reviewing licence limits and trigger
levels in the future. They will also be used to assist with determining potential impacts to
water quality in the receiving environment due to the releases.

4.1 Default WQOs
Specific WQOs are presented in
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Table 4.1 to protect the following environmental objectives:

e ecosystem protection of slightly — moderately disturbed ecosystems, based on the
default national trigger values for south east Australia (ANZECC & ARMCANZ
2000)?,

e general farm water supply, including irrigation of crops, and stock watering (from
ANZECC & ARMCANZ 2000)

e drinking water (from the Australian Drinking Water Guidelines (ADWH; NHMRC
2004), and

e quidelines for primary and secondary recreation (from ANZECC & ARMCANZ
2000).

There are no specific published WQOs to protect the other EVs, but the following guidelines
apply:

e visual recreation — water should be free of: floating debris; oil and grease;
substances that produce undesirable colour, odour, taste or foaming; and
undesirable aquatic life such as algal blooms or dense growth of attached plants
or insects

e cultural heritage — protect or restore indigenous and non-indigenous cultural
heritage, consistent with relevant policies and plans.

Note that there are currently no guidelines available for:

o total suspended solids (TSS)

carbonate, bicarbonate and hydroxide
e colour

e chlorophyll-a

e potassium or magnesium

e sodium absorption ratio (SAR)

e silicon, or

e total petroleum hydrocarbons (TPH).

2 The receiving environment is at > 150 m elevation, therefore the trigger values for upland streams
have been used. Preliminary QWQG value has been used for conductivity, based on the 75"
percentile of data from the Condamine-Macintyre salinity zone.
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Table 4.1 WQOs to protect the EVs identified for protection in the receiving
environment (ANZECC & ARMCANZ 2000; DERM 2009b; NHMRC
2004).
Environmental Value
General
Farm Water
. Ecosystem | Use Stock Drinking Primary Secondary
Sl e Protection (including Watering Water Recreation | Recreation
crop
irrigation)
Physico-chemical
dissolved oxygen | % 90 - 110 > 80
(DO) saturation
pH 6.5-7.5 6.0-9.0 5.0-9.0
turbidity NTU 25
total  dissolved | mg/L 2000 - 1000
solids (TDS) 5000,
depending
on the
animal
conductivity pS/cm 500° 2985 - 950
19 400 (sensitive
crops) -
12,200
(very
tolerant
crops)
hardness mg/L 60 500
CaCOs;
Nutrients
ammonia ug/L 13 10
nitrate (as a | pg/L 700 400 000 50 000 10 000
toxicant)
nitrite pg/L 30 000 3000 1000
oxides of | pg/L 15
nitrogen
total nitrogen pg/L 250 5000 (long-
term) -
125 000
(short-term)
filterable reactive | pg/L 15
phosphorus
(FRP)
total phosphorus | pg/L 20 50 (long-term)
12 000 (short
term)
Biological
faecal coliforms organisms 10 (for direct | median 0 median median
per 100 contact with | <100 <150, with 4 | <1,000,
mL raw  human out of 5 with 4 out
crops) - samples of 5
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Environmental Value
General
Farm Water
. Ecosystem | Use Stock Drinking Primary Secondary
ELELTE —— Protection (including Watering Water Recreation | Recreation
crop
irrigation)
<10,000 (for (taken no samples
turf, cotton greater than | (taken no
etc.) month greater
apart) than month
containing apart)
<600 containing
<4,000
enterococci  (E. | organisms 0 median <35, | median
coli) per 100 with <100 in | <230, with
mL any one <700 in any
sample one sample
blue-green algae | cells/mL 11 500 6 500 15 000
Major lons
sulfate mg/L 1000 500 400
calcium mg/L 1 000
sodium mg/L <115 - 300
> 460
dependi
ng on
crop
chloride mg/L <175 ->700
depending on
crop
Metals and Metalloids
aluminium  (pH | pg/L 55 5000 (long- 5000 200
>6.5) term) -
20,000
(short-term)
arsenic (AsV) pg/L 13° 100  (long- 500 up to |7 50
term) — 200 | 5000°
(short-term)
boron ug/L 370F 500 (long- | 5000 4000
term)
beryllium pg/L 0.13F 0.1 (long-
term) — 0.5
(short-term)
cadmium pg/L 0.2 10 (long- 10 2 5
term) — 50
(short-term)
chromium (CrVI) | pg/L 1.0% 100  (long- 1 000 50
term) -
1000 (short-
term)
cobalt ug/L 90" 50 (long- 1000
term) — 100
(short-term)
copper ug/L 1.4 200  (long- 400 - 1000
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Environmental Value
General
Farm Water
. Ecosystem | Use Stock Drinking Primary Secondary
ELELTE —— Protection (including Watering Water Recreation | Recreation
crop
irrigation)
term) - 5 000;
5000 (short- depending
term) on the
animal
fluoride pg/L 2000 1500
iron ug/L 300" 200 (long- Not 300
term) - sufficiently
10 000 toxic
(short-term)
lead pg/L 34 2000 (long- 100 10 50
term) -
5000 (short-
term)
manganese pg/L 1 900F 200 (long- Not 500 100
term) - sufficiently
10 000 toxic
(short-term)
mercury ug/L 0.06 2 2 1 1
(inorganic)
molybdenum pg/L 34" 10 (long- 150 50
term) — 50
(short —term)
nickel pg/L 11 200 (long- 1000 20 100
term) -
2000 (short-
term)
selenium (total) pg/L 5 20 (long-term) | 20 10 10
— 50 (short-
term)
silver pg/L 0.05 100 50
zinc pg/L 8.0% 2000 (long- 20 000 5000
term) — 5000
(short-term)
uranium ug/L 0.5 10 (long- | 200 20
term) — 100
(short-term)
vanadium pg/L 6" 100  (long-
term) — 500
(short-term)
Cyanide pg/L 7 80 100
Methylene Blue | mg/L 200
Hydrocarbons
benzene pg/L 950 1 10
xylene ug/L 200° 600
naphthalene ug/L 16
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Environmental Value

General

Farm Water
Parameter | Units | pOSRCT | Gmeluding | Watering | Water | Recreation | Recreation

crop

irrigation)
Pesticides pg/L
acephate ug/L 10" 20
alachlor 8
aldicarb pg/L 1
aldrin pg/L 0.01 1
ametryn ug/L 5
amitrole ug/L 1 1
asulam ug/L 50" 100
atrazine pg/L 0.1
azinphos methyl pg/L 0.01 2 10
barban 300
benomyl ug/L 100" 200
bentazone pg/L 30" 400
bioresmethrin pg/L 100" 60
bromacil pg/L 10
bromazil 600
bromophos ethyl 20
bromoxynil ug/L 10" 30
carbaryl ug/L 5 60
carbendazim ug/L 100" 200
carbofuran pg/L 5 30
carbophenothion | pg/L 0.5" 1
carboxin pg/L 2
chlordane pg/L 0.03 0.01 6
chlordimeform 20
chlorfenvinphos pg/L 5" 10
chlorathalonil pg/L 0.1
chloroxuron pg/L 10" 30
chlorpyrifos pg/L 0.01 2
chlorsulfuron ug/L 100"
clopyralid ug/L 1000 1000
cyhexatin 200
2,4-D pg/L 0.1 100
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Environmental Value

General

Farm Water
Parameter | Units | pOSRCT | Gmeluding | Watering | Water | Recreation | Recreation

crop

irrigation)
DDT pg/L 0.006 0.06 3
dematon 30
diazinon ug/L 0.01 1 10
dicamba g/l 100" 300
dichlobenil ug/L 10" 20
3,6 1000
dichloropicolinic
acid
dichlorvos pg/L 1 20
Diclofop methyl ug/L s 3
dicofol g/l 3" 100
dieldrin ug/L 0.01 1
difenzoquat pg/L 100" 200
dimethoate ug/L 0.15 50" 100
diphenamid pg/L 2
diquat ug/L 0.5 10
disulfoton pg/L 1 6
diuron g/l 30" 40
DPA (2,2-DPA) | ugiL 500" 500
EDB ug/L 1
endosulfan pg/L 0.03 0.05 40
endrin ug/L 0.01 1
endothal pg/L 10 600
EPTC ug/L 1 60
ethion pg/L 3" 6
ethoprophos pg/L 1 1
etridiazole pg/L 0.1
fenamiphos ug/L 0.3
fenarimol pg/L 0.1
fenchlorphos pg/L 30" 60
fenitrothion ug/L 0.2 10" 20
fenoprop pg/L 10" 20
fensulfothion pg/L 10 20
fenvalerate ug/L 50" 40
flamprop methyl ug/L 3" 6
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Environmental Value

General

Farm Water
Parameter | Units | pOSRCT | Gmeluding | Watering | Water | Recreation | Recreation

crop

irrigation)
fluometuron ug/L 50" 100
formothion pg/L 50" 100
fosamine ug/L 30" 3000
glyphosate pg/L 10 200
heptachlor pg/L 0.01 0.05 3
hexaflurate ug/L 30" 60
hexazinone pg/L 2 600
lindane pg/L 0.2 0.05 10
malathion pg/L 0.05
maldison pg/L 50" 100
methidathion g/l 30" 60
methiocarb pg/L 5
methomyl pg/L 5 60
methoxychlor ug/L 0.2
metolachlor pg/L 2 800
metribuzin pg/L 1 5
mitsulfuron pg/L 30"
methyl
mevinphos pg/L 5 6
molinate pg/L 0.5 1
monocrotophos pg/L 1" 2
nabam 30
napropamide ug/L 1
nitralin pg/L 500" 1000
norflurazon pg/L 2
omethoate 0.4
oryzalin pg/L 300" 60
oxamyl pg/L 5
paraquat pg/L 1 40
parathion g/l 0.004% 10" 30
parathion methyl | pg/L 0.3 6
pebulate pg/L 0.5
pendimethalin ug/L 300" 600
pentachlorophen | pg/L 0.01
ol
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Environmental Value

General

Farm Water
Parameter | Units | pOSRCT | Gmeluding | Watering | Water | Recreation | Recreation

crop

irrigation)
perfluidone 20
permethrin ug/L 1 300
picloram pg/L 300" 30
piperonyl ug/L 100" 200
butoxide
pirimicarb pg/L 5! 100
pirimiphos ethyl | pg/L 0.5" 1
pirimiphos pg/L 50" 60
methyl
profenofos ug/L 0.3" 0.6
promecarb ug/L 30" 60
propachlor pg/L 1
propanil pg/L 0.1 1000
propargite ug/L 50" 1000
propoxur 1000
propazine ug/L 0.5
propiconazole ug/L 0.1
propyzamide ug/L 2
pyrazophos ug/L 30" 1000
quintozene pg/L 30" 6
simazine pg/L 0.5
sulphrofos ug/L 10" 20
silvex pg/L 10"
2,4,5-T pg/L 0.05 2
temephos pg/L 300 30
terbacil pg/L 10
terbufos pg/L 0.5
terbutryn ug/L 1
tetrachlorvinphos | pg/L 2
thiobencarb g/l 30" 40
thiometon ug/L 3" 20
thiophanate pg/L 5" 100
thiram ug/L 3" 30
toxaphene ug/L 0.1
triadimefon ug/L 100
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Environmental Value
General
Farm Water
. Ecosystem | Use Stock Drinking Primary Secondary
ELELTE —— Protection (including Watering Water Recreation | Recreation
crop
irrigation)
trichlorfon ug/L 5 10
triclopyr ug/L 10" 20
trifluralin pg/L 0.1 500
venolate pg/L 0.5
A

Shaded cell denotes the most stringent WQO to protect all of the identified EVs, i.e. the value that has
been adopted as the default WQO.

Preliminary QWQG value based on the 75" percentile of data from the Condamine-Macintyre salinity

Trigger value for AsV has been used as a precautionary approach.
May be tolerated if not provided as a food additive and natural levels in the diet are low.

Figure may not protect key species from chronic toxicity (this refers to experimental chronic figures or
geometric mean for species).

Low reliability trigger value from Section 8.3, Volume 2 of the national guidelines (ANZECC &

ARMCANZ 2000).

Trigger value for p-xylene presented.
Health value (based on 10% of acceptable daily intake).
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Instream Sediments

The interim sediment quality guidelines (ISQG) for the suite of metals and metalloids to be
monitored during the REMP (see Section 6.5) are presented in Table 4.2. There are no
ISQG values available for the other parameters to be monitored in sediment. If the
concentrations in the study area are below the ‘ISQG — Low’ value, they can be considered
to be low risk and no further action is required. If they are between the ‘ISQG - Low’ and
‘ISQG - High’ values, then investigation of background levels in the area would be required.
Where concentrations exceeded the ‘ISQG — High' values, then further investigation of
factors affecting bioavailability would be required (ANZECC & ARMCANZ 2000).

Table 4.2 ISQG for metals and metalloids in sediments (ANZECC & ARMCANZ
2000).

Parameter ISQG - Low (mg/kg) 1ISQG - High (mg/kg)
aluminium NA NA
arsenic 20 70
barium

beryllium

boron NA NA
cadmium 1.5 10
chromium 80 370
copper 65 270
iron NA NA
lead 50 220
mercury 0.15 1
nickel 21 52
zinc 200 410
cobalt NA NA
manganese NA NA
molybdenum NA NA
selenium NA NA
silicon NA NA
silver 1 3.7
uranium NA NA
vanadium NA NA

NA = no trigger value available.
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5. Eco-toxicology Risk Assessment

Treated CSG water from Condabri Central WTF is proposed to be discharged to the
Condamine River. As such, an eco-toxicology risk assessment (in accordance with
ANZECC/ARMCANZ (2000) methodology) will be undertaken by Australia Pacific LNG. This
risk assessment will be conducted during the initial characterisation of source and treated
CSG water (refer to CSG Water Quality Monitoring Program, appendix 7 of CWMP) which
will occur prior to river discharge.

In designing the eco-toxicology risk assessment and/or updating this REMP with the
outcomes of the risk assessment, Australia Pacific LNG will consider:

e Monitoring contaminants of potential concern in the treated discharge and in the
receiving environment

e Comparing the concentration of contaminants of potential concern to water quality
objectives including relevant published toxicant trigger values

e The concerns and recommendations of the administering authority.

Australia Pacific LNG will submit the REMP for approval by the administering authority prior
to commencement of related works.

The eco-toxicological risk assessment will assess the value of performing toxicity bioassay(s)
and/or a direct toxicity assessment(s), where guideline trigger values are exceeded, or in the
absence of guideline values, where a potential risk to environmental values has been
identified. If required, the toxicity bioassay(s) will be undertaken in accordance with the
ANZECC & ARMCANZ guidelines and other ‘current best practice’ standards, and the
proposed methodology will be confirmed with DERM prior to completing the toxicity
bioassay(s). The risk assessment will take into consideration important operational and
environmental factors such as background environmental concentrations, persistence and
degradation rates, and any other relevant environmental fate considerations.

Where contaminants of concern in the treated CSG discharge are known to be
bioaccumulating substances and exceed background concentrations (once determined),
Australia Pacific LNG will update this REMP to compare the body burdens of contaminants of
concern in upstream or reference sites with those of downstream or impacted monitoring
sites. Statistical comparison of body burdens recorded in upstream (unimpacted) monitoring
sites to those in downstream impacted) monitoring sites and interpretation of the results will
be reported to the administering authority within an agreed timeframe.

Background values and any available toxicity results will be used to assist with the
development of recommendations for the review of licence limits and trigger levels in the
future. They will also be used to assist with determining potential impacts to water quality in
the receiving environment due to the releases.
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6. Monitoring Program Design

6.1 Monitoring Points

Four sites in the receiving environment, and three background sites will be monitored in the
Condamine River during the REMP (Table 6.1; Figure 6.1). The rationale behind the
selection of sites is discussed further in sections 6.12 and 6.13.

Table 6.1 Location of sites to be sampled in the Condamine River for the REMP
(MGA 94, Zone 56).

Site No. Easting Northing Description

Receiving Environment Sites

CR D$1 236 093 7 028 450 Condamine River at Bedarra Gauge,
approximately 2 km downstream of the
Talinga discharge point

CR DS2 223 617 7 030 631 Condamine River approximately 20.5 km
downstream of the Talinga discharge point

CR DS3 215 244 7018 518 Condamine River at Condamine,
approximately 46.5 km downstream of the
Talinga discharge point

CR DS4 776 288 (zone 55) 7 001 014 Condamine River at Cotswold Gauge,

(zone 55) approximately 120 km downstream of the

Talinga discharge point

Background Sites

CR US1 254 810 7 033 062 Condamine River approximately 30.8 km
upstream of the Talinga discharge point

CR US2 247 864 7 030 353 Condamine River approximately 16.5 km
upstream of the Talinga discharge point

CRUS3 238 599 7 026 697 Condamine River approximately 2.2 km

upstream of the Talinga discharge point
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6.2 Flow Monitoring

The volume of water released from each discharge location will be measured and recorded,
and flow records will be obtained from the following gauging stations:

o Condamine River at Chinchilla (422308C), approximately 36.1 km upstream of the
Talinga discharge location and 58.6 km upstream of the Condabri discharge location
(Figure 6.1)

e Condamine River upstream of Talinga WTF discharge — to be installfor the Talinga
discharge

e Condamine River at Bedarra (422344A), approximately 2 km downstream of the
Talinga discharge location and 20.5 km upstream of the Condabri discharge location
(Figure 6.1), and

o Condamine River at Cotswold (422325A), approximately 120 km downstream of the
Talinga discharge location and 97.5 km downstream of the Condabri discharge
location (Figure 6.1).

In addition to the data collected from the stream flow gauging stations, flow at each of the
survey sites will be recorded during each REMP survey event. This will be done using a
velocity-area method in accordance with the Monitoring and Sampling Manual 2009 (DERM
2009a), either by using a portable velocity meter, or where a meter is not available at the
time of sampling, by timing a float travelling over a known distance.

Stream flow hydrographs will be produced and consideration will be given to whether these
hydrographs are representative of each of the REMP sites in the annual reports. Any
different flow calculation / measurement methods used will be noted in the data collected and
presented in the interim and annual reports. Timing of storm-related high stream flow
events, which have a significant impact upon water quality, sediment quality and aquatic flora
and fauna, will be indicated on the hydrographs.

Quality Assurance and Quality Control

The uncertainty of each flow measurement method will be calculated in accordance with the
relevant Australian Standards, as outlined in the Monitoring and Sampling Manual 2009
(DERM 2009a). These uncertainties will be factored into any data analyses, and reported on
in the annual reports.

6.3 Bank Stability Monitoring

Bank stability will be monitored four times per year for the Condamine River sites (notionally
in spring, summer, autumn and winter).

Bank stability will be monitored using the Sustainable Rivers Audit physical habitat
methodology (MDBC 2004), which is consistent with the methodology used in the Project
EIS. The assessment will include characterisation of the following parameters at each site:

bank shape

bank stability

bed stability

artificial bank protection measures
factors affecting bank stability
valley shape

channel shape, and
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e channel and stream width.

Results of sediment quality sampling for concentration of cations, anions and sodium
absorption ratio (SAR) will also be used to determine soil sodicity, and to comment on the
risk of dispersion.

6.4 Water Quality Monitoring

Water quality at the receiving environment and background sites will be monitored
throughout the duration of the REMP, regardless of whether water is being discharged. It is
intended to sample water quality four times per year at the Condamine River sites (notionally
in summer, winter, spring and autumn).

This sampling frequency has been designed to capture seasonal variation in water quality,
and to derive interim background values (i.e. based on 8 data points per site) for the
Condamine River after two years.

Sampling Methods

At each site and during each sampling event, physical water quality measurements will be
collected in situ using a hand-held water quality meter. The following variables will be
recorded at two locations per site at 30 cm depth:

water temperature (°C)

pH

conductivity (uS/cm)

dissolved oxygen (DO, mg/L), and
turbidity (NTU).

In addition, two replicate water samples will be collected from each site for analysis of the
following parameters in accordance with the indicators currently monitored in DERM'’s
regional water quality sampling program:

total suspended solids (TSS) and total dissolved solids (TDS) (mg/L)

water hardness (mg/L)

major cations (Ca, K, Mg, Na) and anions (CI, SOy, alkalinity) (mg/L)

carbonate, bicarbonate and hydroxide (mg/L)

fluoride (mg/L)

nutrients (total nitrogen and total phosphorus (unfiltered) and ammonia (as N), nitrate
(as N), nitrite (as N) (filtered) and filterable reactive phosphorus (FRP) (as P)) (mg/L)
metals and metalloids (Al, As, Ba, Be, Cd, Cr, Cu, Fe, Hg, Pb, Ni, Zn, B, Co, Mn, Mo,
Se, Ag, U, V) (dissolved (filtered) and total (unfiltered) in ug/L)

chlorophyll-a (ug/L)

blue green algae (cyanobacteria) (cells/mL)

organochloride and organophosphate pesticides (OCPs and OPPs) (ug/L)

total petroleum hydrocarbons (TPH), benzene, toluene, ethylene and xylene (BTEX)

and polyaromatic hydrocarbons (PAHs) (ug/L)

sodium absorption ratio (SAR) (mg/L)

colour (Hazen units)

silicon (mg/L)

faecal coliforms / e-coli (CFU/mL), and

methylene blue (MBAS) (mg/L).
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Grab samples will be collected from the mid-channel at each site, 30 cm below the water’s
surface, by hand or by a sampling pole with clamp if required for safety reasons.

Two samples will be collected for analysis of nutrients and metals and metalloids. The first
sample will be un-filtered and will be used for analysis of total nitrogen, total phosphorus and
total metals. The second sample will be filtered in the field through a 0.45 um filter, and will
be used for the analysis of ammonia, nitrate, nitrite, FRP and dissolved metals.

Quality Assurance and Quality Control

Field sampling will be done by a suitably trained and competent person in accordance with
Australian Standard (AS) AS5667 Water Quality Sampling, and in accordance with the
Monitoring and Sampling Guidelines 2009 (DERM 2009a). In summary:

¢ hand-held water quality meters will be calibrated before the commencement of
sampling, and checked on an hourly basis while in the field (and recalibrated if
necessary). A calibration record will be kept
hand-held water quality meters will be cleaned at the end of each field day

o water samples will be collected straight into the sample bottle wherever possible, and
the bottles will not be rinsed prior to sample collection

e powderless gloves will be used when collecting all water samples, and care will be
taken not to touch the inside of any sampling containers, or to place open bottles /
jars or their lids onto the ground or other contaminated surfaces

o if the sample cannot be collected straight into the sample bottle, the container it is
collected in (such as a bucket or other form of sampler) will be thoroughly rinsed with
ambient site water to ensure is not contaminated

¢ afield blank will be collected from one site during each sampling event, to assess
sample handling procedures

o filtering of water samples for nutrients and metals will be done on site in the field

o samples will be stored under the appropriate holding conditions for each parameter
and delivered to the laboratory within the appropriate holding times (as specified by
the laboratory), in accordance with the security and transport protocols outlined in the
Monitoring and Sampling Manual (DERM 2009a)

e a chain of custody form will be completed for all samples sent to the laboratory for
analysis, and

e samples will be analysed by a NATA-accredited laboratory, and laboratory duplicates
and blanks will be analysed in accordance with NATA-accredited protocols.

6.5 Sediment Quality Monitoring

Sediment quality will be monitored in conjunction with water quality monitoring, i.e. four times
per year at the Condamine River sites. Monitoring of sediments will be done for both the bed
and banks of the channel at each site.

Two replicate sediment samples from both the bed and banks will be analysed for the
following parameters in accordance with the indicators currently monitored in DERM'’s
regional water quality sampling program:

e particle size distribution (sieve and hydrometer)

e pH

e major cations (Ca, K, Mg, Na) and anions (Cl, SOy, alkalinity) (mg/kg)
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e sodium absorption ratio (SAR)

e fluoride (mg/kg)

e nutrients (total nitrogen, total phosphorus, ammonia (as N), nitrate (as N) nitrite (as
N)) (mg/kg)

o total metals and metalloids (Al, As, Ba, Be, Cd, Cr, Cu, Fe, Hg, Pb, Ni, Zn, B, Co, Mn,
Mo, Se, Ag, U, V) (mg/kg)

e organochloride and organophosphate pesticides (OCPs and OPPs)

e silicon (mg/kg), and

e cyanide (total) mg/kg.

Sampling Methods

Where the water is shallow enough (<0.5 m deep), replicate sediment samples will be
collected from the top 0.30 m of sediment on the bed and banks using a stainless steel
trowel, with the sediments transferred directly into the sampling jar provided by the analytical
laboratory.

Where the water is deep or the sediment is too soft to walk in, surface sediment from the bed
and banks (to 0.30 m depth) will be collected using a stainless steel corer. The sample will
be emptied into a bucket or other intermediate container, which has been thoroughly washed
with ambient site water, and the sediment mixed and placed into the sample jar using a
stainless steel trowel.

Quality Assurance and Quality Control

Field sampling will be done by a suitably trained and competent person in accordance with
Australian Standard (AS) AS5667.1 Guidance on Sampling of Bottom Sediments, and in
accordance with the Handbook for Sediment Quality Assessment (Simpson et al. 2005b). In
summary:

o sediment samples will be collected straight into the sample bottle wherever possible,
and the bottles will not be rinsed prior to sample collection

o powderless gloves will be used when collecting all water samples, and care will be
taken not to touch the inside of any sampling containers, or to place open bottles /
jars or their lids onto the ground or other contaminated surfaces

o if the sample cannot be collected straight into the sample bottle, the container it is
collected in (such as a bucket or other form of sampler) will be thoroughly rinsed with
ambient site water to ensure is not contaminated

e samples will be placed in an esky and will be kept under the appropriate holding
conditions for each parameter until delivered to the laboratory within the appropriate
holding time (as advised by the analytical laboratory) in accordance with the security
and transport protocols outlined in the Monitoring and Sampling Manual (DERM
2009a)

e a chain of custody form will be completed for all samples sent to the laboratory for
analysis, and

e samples will be analysed by a NATA-accredited laboratory, and laboratory duplicates
and blanks will be analysed in accordance with NATA-accredited protocols.

6.6 Plankton Monitoring

The community composition and abundance of zooplankton at each site will be monitored as
an indicator of impacts due to a reduction in ions (e.g. calcium and magnesium) in the
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receiving environment. Zooplankton are considered to be good indicators for this purpose,
as they rely on these ions to build their exoskeletons.

Zooplankton communities are expected to vary seasonally. They will therefore be monitored
four times per year at each site in the Condamine River (notionally in summer, spring, winter
and autumn).

Zooplankton samples will be collected by undertaking a plankton tow of 6 m in length at each
site. The plankton net will have an approximately 30 cm diameter opening, and a mesh size
of 250 um. The sample will be preserved in alcohol in the field in a screw-cap jar.

Samples will be sorted by a suitably-qualified aquatic ecologist with experience in identifying
zooplankton, and identified to the lowest practical taxonomic levels (genus and species
where possible). Where necessary due to large sample sizes, samples will be sub-sampled
and searched until at least 100 individuals of each of the major species are found; and
abundance estimates will be scaled for the whole sample.

Quality Assurance and Quality Control

Samples will be sorted by a suitably-qualified aquatic ecologist with experience in identifying
zooplankton. Where required, representative samples will be sent to the Queensland
Museum or another recognised expert in the field, to confirm identification.

6.7 Macrophyte Monitoring

Macrophyte communities and algae abundance are expected to vary seasonally in response
to flooding flows. They will therefore be monitored twice per year at each site (notionally in
the pre-wet season (spring) and the post-wet season (autumn) at the Condamine River sites.

At each site, macrophytes and algae will be surveyed along three 50 m by 1 m belt transects.
The percent cover of floating, emergent and submerged macrophytes will be visually
estimated by species, noting listed threatened and exotic (and declared noxious) species.
The Queensland Flora Wetland Indicator Species List (DERM 2010) to define macrophyte
species, and the Census of Queensland Flora 2007 (Queensland Herbarium 2007) will be
used to classify macrophytes as native or exotic.

Quality Assurance and Quality Control

Macrophyte surveys will be completed by trained ecologists. Photographs of macrophytes
will be taken at each site and species were identified in the field, where practical.
Representative samples of indefinite identifications will be collected and pressed for later
identification by the Queensland Herbarium.

6.8 Macroinvertebrate Monitoring

Aquatic macroinvertebrates play a major role in the ecology of rivers. They form a key link in
the aquatic food chain, forming a pathway between primary producers and predators
(Chessman 1986). Aquatic invertebrates are sensitive to flow conditions, water quality and
habitat conditions (Choy & Marshall 1997). They are characteristically not very mobile, and
are therefore good indicators of local impacts (Choy & Marshall 1997; Walsh 2006). As the
majority of the invertebrates are benthic, they are well suited to integrate effects of localised
change in water quality and habitat condition. Aquatic invertebrate diversity is crucial to the
maintenance of a healthy ecosystem (Choy & Marshall 1997).
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Timing
Macroinvertebrates will be surveyed four times per year at the Condamine River sites
(notionally in spring, summer, winter and autumn) where permanent or semi-permanent

waterholes® exist, in conjunction with the proposed water and sediment quality monitoring.
For safety and data integrity reasons, surveys will not be undertaken during flooding.

Sample Collection

AusRivAS-style sampling (involving collection of one sample from each habitat, at each site)
was designed to provide a broad description of macroinvertebrate communities. As noted in
the Monitoring and Sampling Manual 2009 (DERM 2009a), the sampling protocol used
should be based on the objectives of the monitoring program, and may need to include
replication in the sampling design. To reliably detect impacts associated with the discharges,
a quantitative sampling design is required that is statistically robust, and spatially and
temporally replicated. Replicated sampling enables a more rigorous analysis of the
variability within and between sites, essential to determine whether the mine discharge is
impacting macroinvertebrate communities downstream.

Collection of macroinvertebrate samples will therefore broadly follow the standard AusRivAS
methodology (DNRM 2001; DERM 2009a), with respect to habitat selection and sampling
technique. However, rather than a single sample being collected from a 10 m sweep in each
habitat, five macroinvertebrate samples will be collected from each habitat (expected to be
bed (pool) and edge habitat) at each site, based on the number of samples recently collected
for other studies in the region (e.g. the Smartrivers Project, EM 2005).

When collecting samples, the substrate will be disturbed within a 30 x 30 cm area for a
period of five seconds, and each sample will then be collected by sweeping a standard
triangular-framed macroinvertebrate sampling net (250 um mesh) through the disturbed area
five times. The samples will be transferred to zip-lock bags or screw-cap jars, and
transported chilled or frozen to the laboratory.

Habitat Assessment

In order to assist with the interpretation of results, habitat at each site will be described using
AusRIiVAS protocols (DNRM 2001). Site information will be collected from each site based
on AusRivAS protocols including stream order, distance from source, bank full height and
width, stream width, rain history of the site, where possible the water level history of the site,
the proportion of each habitat type in the reach, the water depth and velocity, the width and
cover of the riparian zone, shading, point source pollution, non point source pollution, the
presence and distance to barriers, type of barrier, land use, description of substrate, and the
percent coverage and type of aquatic vegetation. Each site will also be given a habitat
assessment score using the River Bioassessment Program datasheet (DNRM 2001).

Laboratory Processing of Samples

Samples will be sorted, counted and identified to the lowest practical taxonomic level (in
most instances family), to comply with AusRivAS standards and those described in
Chessman (2003).

*As a guide, waterholes will be considered to be semi-permanent where they persist for
approximately three months after rainfall events (Hermanussen, S. [DERM] pers. comm., 13 July
2010).
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Quality Assurance and Quality Control

Field sampling will be completed by AusRivAS-trained ecologists that are experienced in the
aquatic habitat of waterways in Central Queensland, and specifically in sampling of
ephemeral waterways.

Enumeration and identification of macroinvertebrate samples will be done by AusRivAS-
accredited ecologists. Sorting, enumeration and data entry will be cross-checked by a
second ecologist for 10% of the samples. An error rate of > 10% will be considered
unacceptable (in accordance with the National River Health Program protocols, DERM
2009a), and will result in a further 10% of samples being checked by a second ecologist, and
so on. A reference collection will be made, including specimens of all macroinvertebrate taxa
indentified during the REMP, with identification of each specimen also cross-checked by a
second ecologist, with the identifications and data entry updated where required.

6.9 Fish Monitoring

Fish may be very common in freshwater creeks and rivers, with abundance and distribution
influenced by habitat volume, quality and diversity; catchment size; distance from the river
mouth; and season. The abundance and species composition of fish communities can
reflect a range of disturbances, both natural and those caused by humans (EHMP 2007).
Fish are influenced by changes in both water and habitat quality, and because they are
relatively long-lived, mobile and often high in the food chain, they can provide an integrated
measure of stream condition (EHMP 2007).

Knowledge of the fish communities of gained through monitoring will offer a reliable
indication of stream health, as there is comparative data available for the Condamine
Catchment, and the environmental sensitivities of key taxa within each group are reasonably
well known.

Fish communities are expected to vary seasonally in response to flooding flows. They will
therefore be monitored twice per year at each site (notionally in the pre-wet season (spring)
and the post-wet season (autumn) at the Condamine River sites.

Sample Collection

Fish communities will be surveyed using a combination of backpack or boat electrofishing
(depending on the nature of the waterway being sampled), seine and set nets, baited traps
and dip nets. Electrofishing and trapping are the preferred methods for targeting fish and
macrocrustaceans, and will be attempted at all sites. Nets will only be used at sites where
electrofishing returns no fish; or is not considered possible or appropriate.

Electrofishing will be conducted using a Smith-Root LR-24 backpack electrofisher or a Smith-
Root 2.5 GPP boat electrofishing unit, depending on the dimensions of the waterway. Field
sampling will follow the methods used in the south-east Queensland Ecosystem Health
Monitoring Program (EHMP 2007), adapted where appropriate to suit local conditions. All
available habitat units (i.e. riffle, run, pool) will be fished at each site. Electrofishing will be
conducted in accordance with the Australian Code of Electrofishing Practice.

As a minimum at each site five replicate samples will be collected using small (2 mm mesh)
and large baited traps (20 mm mesh).

At sites where electrofishing returns no fish, or is not considered appropriate to the
conditions, replicate sampling will be conducted using a combination of: seine nets (~10 mm
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mesh size, at least three hauls); set gill nets (75 mm and 150 mm mesh, set for a minimum
of two hours, at dusk where possible); and dip nets (of 2 mm mesh).

At each site, the species present and the abundance of each species by life history stage
(juvenile, intermediate, adult), the length frequency distribution for each species, and the
apparent health of individuals will be recorded. Specimens that cannot be identified in the
field will be euthanised and returned to the laboratory for identification.

Quality Assurance and Quality Control

The sampling of fishes will be conducted by suitably trained ecologists under the
requirements of the Australian Code of Electrofishing Practice and permits required to
complete the sampling (i.e. General Fisheries Permit, Animal Ethics Approval and Scientific
Purposes Permit).

Voucher specimens will be collected and lodged with the Queensland Museum for
confirmation of identifications as required.

6.10 On-site Observations

General observations will be recorded at each site during each sampling event, to provide an
‘early warning’ of potential adverse impacts. This will include looking for evidence of algae
blooms, such as a green colour to the water, or sightings of filamentous algae. If algae are
detected, this will be a trigger to investigate and quantify the extent of impact.

Unusual deposits of sediment (e.g. very fine sediment (i.e. silt) over usually sandy beds, or
sediment of a different colour) and any evidence of chemical precipitation will be noted
during each sampling event. If these are detected, this will be a trigger to investigate recent
releases and water and sediment quality results (with comparisons of receiving environment
sites to background sites).

The occurrence of fish kills, which do not appear to be related to the natural drying of pools,
will be noted and reported to DERM.

6.11 Monitoring of Unplanned Releases to the Watercourse

A risk-based approach will be taken to determine the monitoring required for an unplanned
release of treated CSG water to the Condamine River. Any additional monitoring required
will be determined at the time of the release, based on the nature of the event.

During an unplanned release event, all monitoring programs already in place, such as this
REMP and the CSG Water Quality Monitoring Program (Appendix 7 of the CWMP) which
monitors water quality and quantity released on a frequent basis, will continue.

Any exceedence event is proposed to be recorded and reported as described in the
proposed CSG Water Quality Monitoring Program (Appendix 7 of the CWMP).

6.12 Spatial and Temporal Controls

The background sites are spatial controls in the REMP design, i.e. data from these sites will
enable ‘natural’ trends to be separated from those that may have been caused by the
discharges. Temporal controls in the REMP design include the proposed frequency of
sampling, which takes into account the expected temporal variation of the various indicators
being monitored (for example, macroinvertebrates have shorter life-history cycles and are
likely to vary on a shorter timescale than macrophyte and fish communities, therefore they
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will be sampled more frequently). The data collected as part of the EIS or previous studies
will also be used where relevant.

6.13 Assumptions and Qualifications

The proposed survey site locations have been determined based on distributing the receiving
environment sites throughout the proposed receiving environment, available information
regarding the location of permanent and semi-permanent water holes, and accessibility of
the sites throughout the year (in terms of minimising private property access, and ensuring
that the sites are accessible during the wet season). Note that the exact location of these
sites may change based on private property access restrictions and accessibility in wet
conditions. Details of such changes would be provided to DERM for approval prior to
implementing the changes.

Sites at road crossings are likely to be impacted by the presence of the road, and this will be
taken into account when analysing the data. However, locating sites at public road crossings
is necessary to ensure that they are safely and easily accessible at almost all times of the
year; and so that access to private property is not required. Sites located away from public
roads or well-established tracks may not be accessible during wet conditions due to the risk
of bogging.

It is acknowledged that the background sites are not in ‘pristine’ condition, and are influenced
by surrounding and upstream land uses (primarily agriculture, but also road crossings and
water resource development upstream). However, as explained in the QWQG, good
background sites are difficult to locate, and the least disturbed sites will need to be used as
background sites (DERM 2009b). The chosen background sites are therefore considered to
be appropriate for meeting the aims of the Australia Pacific LNG Project REMP, i.e. they are
representative of stream reaches not affected by the proposed discharges.

It is possible that some sites may be dry during some survey events, depending on factors
such as rainfall in the wet season etc.. Where sites are dry during a designated survey
event, sediment quality and habitat data will still be collected.
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7. Data Analysis and Reporting

71 Interim Analysis and Reporting

An initial description of water flows preceding and during each survey will be provided, along
with a summary of bank stability, soil sodicity, and bank slumping.

Water quality data will be entered, and the results described after each survey. This review
will include comparisons of median water quality for physical and chemical properties as well
as 95" percentile water quality for toxicants at each site to the default WQOs nominated in
Section 4.1 (in accordance with the methods outlined in Section 5 of the QWQG). Initial
comparisons will also be made between the receiving environment sites and the background
sites.

Sediment quality data will be entered, and the results reviewed after each wet season. This
review will include comparisons of sediment quality at each site to the default WQOs
nominated in Section 4.1, and initial comparisons between the receiving environment and
background sites.

Initial comparisons will be made of macrophyte species richness and coverage at the
receiving environment sites and the background sites.

Initial comparisons will be made of zooplankton species richness and abundance at the
receiving environment sites and the background sites.

Macroinvertebrate data will be entered at the completion of laboratory processing and indices
will be calculated (taxonomic richness, PET richness and SIGNAL 2 scores). Initial
comparisons will be made of index values at the receiving environment sites and the
background sites. The richness and abundance of macrocrustaceans will also be compared
between receiving environment and background sites, using data collected in both
macroinvertebrate and fish sampling.

The fish data will be analysed to determine richness, abundance, life history characteristics
and the percentage of native and exotic species for the fish populations at each site, and
initial comparisons between the receiving environment and background sites will be made.

Potential impacts to the environmental values of the receiving environment will be flagged.
7.2 Annual Analysis and Reporting
Flow

Stream flow hydrographs will be produced for each of the gauging sites, and annual and
seasonal patterns in flow will be described for the Condamine River. Consideration will be
given to whether these hydrographs are representative of the REMP sites.

A discussion of impacts of the discharge(s) on flow in the receiving environment will also be
provided.

Bank Stability

A detailed description of erosion channel and bank profile will be provided, including a
description of erosion and bank slumping where observed. This description will be supported
by summaries of data from the Sustainable Rivers Audit assessment and photographs as
appropriate. Soil sodicity will also be determined and discussed.
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The annual report will provide a comparison of bank stability at the receiving environment
and background sites, and will identify temporal trends in bank stability, in relation to water
flows and any potential impacts of the discharge(s).

Water and Sediment Quality

Each year, water and sediment quality at the receiving environment sites will be compared to
the WQOs presented in Section 4 (or updated regional WQOs if derived by DERM during the
period of the REMP) and the calculated site-specific background values (if available, see
Section 7.3), to assess compliance at the receiving environment sites, in accordance with the
methods outlined in Section 5 of the QWQG.

Water quality will also be related to flows measured at the gauging stations, and a discussion
of water quality under various flow conditions will be provided.

Water and sediment data will also be related to biological data using multivariate statistical
techniques, in accordance with the methods outlined below.

Plankton

The species composition of zooplankton communities (including a discussion of richness and
abundance at each site) will be discussed, and seasonal trends identified. Comparisons of
zooplankton richness and abundance between receiving environment and background sites
over time will be made using statistical techniques (such as ANOVA) where appropriate. See
Appendix B for further details. Zooplankton community composition will also be correlated to
the concentration of major ions (including calcium and magnesium) in the water at each site
using multivariate techniques e.g. BIOENV (Appendix B).

Macrophytes

The species composition of macrophyte communities (including a discussion of the
proportion of emergent, submerged and floating macrophytes at each site) will be discussed,
and seasonal trends identified. Comparisons of macrophyte richness and abundance
between receiving environment and background sites over time will be made using statistical
techniques (such as ANOVA) where appropriate. See Appendix B for further details.

Macroinvertebrates

Macroinvertebrate indices at the receiving environment sites will be compared to the
calculated site-specific background values (if available, see Section 7.3), to assess
compliance at the receiving environment sites. Comparisons of index values between
receiving environment and background sites over time will be made using ANOVA where
appropriate.

Statistical analyses will also be completed to provide a ‘whole of ecosystem’ view of the
current condition of the receiving environment, and to determine whether there have been
any likely impacts to macroinvertebrate communities due to the discharges. This will include
the use of analysis of multivariate data analyses (nMDS, ANOSIM and SIMPER) to provide
information on the similarities in the macroinvertebrate community structure between
locations, and on temporal changes in assemblages. To determine differences in
macroinvertebrate community structure at different sites and between sampling events,
community data will be analysed using multivariate techniques (done on PRIMER 6 software)
for each habitat type sampled. See Appendix B for further details.
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RELATE analyses (including BIOENV) will be used to correlate sediment and water quality
data with the macroinvertebrate data, to determine which water and sediment quality
parameters are having the greatest influence on macroinvertebrate community structure, and
whether the discharges appear to have impacted on macroinvertebrate communities
downstream. This analysis will be used to inform the suitability of current discharge limits for
protecting downstream environmental values.

Fish

We will compare the richness, total abundance, abundance of ‘key’ fish species, and
abundance of each life history stage (juvenile, intermediate, adult), between sites and
sampling events using ANOVA where appropriate.

The relationships between fish communities at different sites and reaches will be also be
displayed visually for each habitat using MDS. Community data will then be analysed with
nested ANOSIM to determine the significance of any apparent differences in community
structure between sites and / or reaches. Data will also be analysed using SIMPER to
determine which taxonomic groups are responsible for any differences in assemblages
between sites and / or reaches.

Review of Monitoring Program Design

Based on the results of monitoring for all parameters, the appropriateness of the monitoring
program design for meeting the objectives of the program will be assessed and discussed.
Recommendations will be made regarding changes to the monitoring program design (such
as the extent of the receiving environment, the number of survey sites and the indicators
surveyed) where appropriate.

7.3 Derivation of Background Values

Data from the background sites in each study area will be pooled to determine site-specific
background values for the Condamine River in accordance with the methods outlined in
Section 4.4 of the QWQG, where the results are consistent between background sites. |If
results for the background sites are obviously inconsistent after the first year of the REMP,
the suitability of the background sites, and the need to add other background sites to account
for natural variability, will be evaluated (in accordance with the recommendations in Section
4.4.3.1 of the QWQG).

8. Summary

The aims of the REMP are to:

e describe the background condition of waterways in the receiving environment, including a
description of key communities and ‘background’ (i.e. without impacts from the proposed
discharges) water quality characteristics

e describe the environmental values (EVs) and water quality objectives (WQOs) of the
receiving environment

¢ identify and describe the extent of any adverse environmental impacts to local
environmental values

e monitor any changes in the receiving water, and

e determine background values for the receiving environment within two years.
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Flows, bank stability, water quality, sediment quality, macrophytes, plankton,
macroinvertebrates and fish will be the key indicators monitored during the REMP, and a
summary of the survey design is presented in Table 8.1.

Background values specific to the study area will be derived based on data collected at the
background sites, and direct toxicity assessments (where required), in accordance with the
methods outlined in the QWQG. Review of the results and the use of univariate and
multivariate statistical techniques will be used to determine whether the discharges have
impacted the receiving environment.
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Appendix A - Survey Site Locations
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Appendix B - Introduction to the Proposed Data Analyses

Macroinvertebrate Indices

A number of indices are effective indicators of ecosystem health (EHMP 2004). Use of
multiple indices contributes to the robustness and reliability of any assessment. The
following indices have all been found to be effective indicators of ecological health (EHMP
2004) and will be used as indicators in the REMP.

Taxonomic Richness

Taxonomic richness is the number of taxa (typically families) in a sample. Taxonomic
richness is the most basic and unambiguous diversity measure, and is considered to be
among the most effective diversity measures. It is however, affected by arbitrary choice of
sample size. Where all samples are considered to be of equal size, taxonomic richness is
considered to be a useful tool when used in conjunction with other indices. Richness does
not take into account the relative abundance of each taxa, so rare taxa have as much
‘weight’ as common ones.

PET Richness

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

SIGNAL 2 Scores

SIGNAL (Stream Invertebrate Grade Number — Average Level) scores are also based on
the sensitivity of each macroinvertebrate family to pollution or habitat degradation. The
SIGNAL system has been under continual development for over 10 years, with the current
version known as SIGNAL 2. Each macroinvertebrate family has been assigned a grade
number between 1 and 10 based on their sensitivity to various pollutants. A low number
means that the macroinvertebrate is tolerant of a range of environmental conditions,
including common forms of water pollution (e.g. suspended sediments and nutrient
enrichment).

SIGNAL 2 scores are an index of macroinvertebrate communities that gives an indication of
the types of pollutants and other physical and chemical factors affecting a site, that is also
weighted for abundance, so that the relative abundance of tolerant or sensitive taxa can be
taken into account (instead of only the presence / absence of these taxa). The overall
SIGNAL 2 score for a site is based on the total of the SIGNAL grade (multiplied by the weight
factor) for each taxa present at the site, divided by the total of the weight factors for each
taxa at the site.

Low SIGNAL 2 scores indicate low abundance of moderately sensitive taxa and a high
abundance of tolerant taxa, which in turn is indicative of poor habitat quality. In contrast, a
high SIGNAL 2 score indicates moderate to high abundance of sensitive taxa, which is
indicative of good habitat quality (Chessman 2003).
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Univariate Analyses

ANOVA (analysis of variance) is a statistical hypothesis testing procedure. It compares the
mean of different variables, taking into account the variance both within each test group (e.g.
site) to variance among each test group (e.g. sites). The null hypothesis is that this mean is
the same for all groups. Generally, if the significance level of the test (p value) is below 0.05,
the null hypothesis can be rejected. Two-way ANOVA incorporates differences between sites
and also time. A significant interaction between site and time indicates that one group of
samples (e.g. receiving environment sites) has changed at a different rate relative to another
group of samples (e.g. reference sites).

Where ANOVA indicates that there are significant differences among means, post-hoc tests
were used to separate and group means from the analysis of variance tests, i.e. to determine
which groups or sites are different from one another (Zar 1996).

Multivariate Analyses

Multivariate statistical techniques are widely used in ecology to assess the similarities /
relationships between communities. Whereas univariate analyses can only compare one
variable at a time (e.g. an index of community structure such as a diversity index, or a single
indicator species), multivariate analyses can compare samples based on the extent that
communities share particular taxa and the relative abundances of each taxa (Clarke &
Warwick 2001).

Ordinations are particularly useful tools for analysing, and visually presenting, differences
among communities. Ordinations are maps of samples, in which the placement of samples
on the map reflects the similarly of the community to the communities in other samples
(Clarke & Warwick 2001). Distances between samples on an ordination attempt to match the
similarities in community structure: nearby points represent communities with very few
differences; points far apart have very few attributes in common (Clarke & Warwick 2001).

The first step of multivariate analysis usually involves the creation of a similarity or
dissimilarity matrix, which incorporates the creation of a triangular matrix of similarity
coefficients, computed between every pair of samples. The coefficient is usually a measure
of how close the abundance levels are for each species (defined so that 100% = total
similarity and 0% = complete dissimilarity). While there are a number of metrics used, the
Bray-Curtis coefficient is commonly to convert biological data (i.e. abundances of different
taxonomic groups) into a similarity matrix (Clarke & Warwick 2001).

non-Metric Multi-dimensional Scaling (nMDS)

Non-metric multi-dimensional scaling (nMDS) attempts to places samples on a ‘map’, such
that the rank order of the distances among samples matches the rank order of the matching
similarities from the similarity matrix (Clarke & Warwick 2001). This provides a visual
representation of the similarities among communities within each sample. Note that each of
the axes is not related to any particular value; in fact axes can be rotated to provide the best
visual representation of the data.

A stress coefficient is calculated to reflect the extent to which the nMDS ordination and the
similarity matrix agree (Clarke & Warwick 2001), i.e. how well the nMDS ordination
accurately reflects the relationship between samples. Stress values of < 0.15 are generally
acceptable for interpretation.

Analysis of Similarities (ANOSIM)
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ANOSIM is analogous to analysis of variance (ANOVA) in univariate statistics (Clarke 1993;
Smith 2003). A global R statistic is calculated to determine whether there is a significant
difference among all samples. If there are differences, then pairwise comparisons are
conducted to test for differences between pairs of samples (analogous to post-hoc tests in
ANOVA).

The ‘R’ value lies between +1 (all similarities within groups are less than any similarity
between groups) and -1 (similarities among groups are less than within groups), with a value
of zero representing the null hypothesis (no difference among a set of samples) (Clarke &
Warwick 2001). Comparison of pair-wise R values can give an indication of how different
communities are: R values close to 0 indicate little difference, values around 0.5 indicate
some overlap and values close to 1 to indicate many or substantial differences. In many
instances however, researches are primarily interested in whether the R value is statistically
different from zero (usually at a confidence level of 0.05) (Clarke & Warwick 2001), i.e.
whether they can reject the null hypothesis.

ANOSIM can provide information on whether the (visual) differences between assemblages
in the nMDS ordination are significantly different based on an independent permutation test
that is separate from the nMDS ordination. It is based on testing the differences between the
rank similarities in the similarity matrix, not on the distances between samples in the nMDS
ordination (Clarke & Warwick 2001).

Similarity Percentage — Species Contributions (SIMPER)

SIMPER analysis was done to identify the species / taxa that contributed to the dissimilarity
between the communities at each site in May 2009 (i.e. it identifies which species are
contributing the most to the differences among and within sites). SIMPER analysis may help
to identify potential ‘indicator’ species. For example, if a particular species consistently
contributes substantially to the differences between impacted and unimpacted assemblages,
it may be a useful indicator of environmental harm. The abundance of this indicator species
can then be compared among sites using univariate techniques such as ANOVA.

BIOENV

The BIOENYV procedure is part of the RELATE function in the PRIMER 6 software, and can
be used to examine the extent to which observed community patterns in biological data, such
as the composition and abundance of macroinvertebrates among different sites, can be
related to a combination of observed physical or chemical variables collected from the same
sites (Clarke & Warwick 2001). The combinations of physical or chemical variables are
compared against biological variables, using increasing levels of complexity. The
combination of environmental variables that best describe the biological community pattern
are ranked and analysed using a rank correlation coefficient test (Spearman’s coefficient —
Rho (p)). Values of p lie between -1 and 1, which corresponds to cases that are in complete
opposition or in complete agreement, p-values around zero occur when there is no match
between the two patterns (Clarke & Warwick 2001). The combination of environmental
variables that best describes any biological pattern will typically be closer to 1 than 0.

Scaling or normalisation of environmental data is usually required, so that each of the
variables have comparable, dimensionless scales (Clarke & Warwick 2001). This helps to
eliminate differences that may be caused by arbitrary scaling of the variable (e.g. the results
will be different using mg/kg or pg/kg for sediment metal concentrations).
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Appendix C - Methods for Derivation of Regional WQOs and
Background Values

Regional WQOs will be derived for the Condamine Catchment by DERM in the future and will
be incorporated into future versions of the QWQG (DERM 2009). This will be done using a
‘reference-based’ approach, based on data collected at reference sites surveyed in DERM'’s
regional monitoring program.

Site-specific background values will be derived as part of the REMP, using a similar
approach: that is, the values will be based on data collected from the background sites that
are not influenced by the proposed discharges.

Where appropriate, direct toxicity assessments will also be used to determine what influence
water and sediment quality have on biological communities, and whether there are clear
‘trigger values’ for toxicant concentrations that impact on biological communities.

The background values will inform the refinement of licence limits and trigger values in the
future.

A discussion of each of these methodologies is presented below.

Acceptable Departure From Reference Condition

In summary, derivation of regional WQOs by determining the acceptable departure from a
reference condition involves selection of appropriate reference sites to represent the aquatic
habitats found within the study area, and calculating 20" and 80" percentile values (in the
case of slightly-moderately disturbed waters) for each water quality indicator, to form the
basis of the WQOs (DERM 2009). A reference site is defined as a site where (from DERM
2009):

o there is no intensive agriculture (such as the use of irrigation and agrochemicals;
dryland grazing is not included in this category), extractive industry, major urban
areas or point source wastewater discharge within 20 km upstream, and

o the seasonal flow regime is not greatly altered by water abstraction or regulation.

Typically, percentile data should be based on a minimum of 18 data points collected over at
least 12 months (but preferably 24 months) from one or two background sites, and 12 data
points collected over at least 12 months (but preferably 24 months) from three or more
background sites (DERM 2009). The minimum interim data set requirement is 8 data points
collected over 12 months. In ephemeral environments, at least two but preferably three or
more reference sites should be sampled (DERM 2009). However, the guidelines note that
interim WQOs could be derived from local data after eight data points have been collected
over this period (DERM 2009). These interim objectives would be subject to further
refinement after more data is collected.

DERM will use water quality data from reference sites in their regional monitoring program to
derive regional WQOs in the future. The background sites for the Australia Pacific LNG
REMP may not meet the criteria for a reference site. However, data from the background
sites will be analysed in the same way in order to derive site-specific background values.
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Direct Measurement of Biological Impacts

This method of deriving guidelines is based on direct testing of a toxicant on a target
organism, such as fish and other aquatic species (DERM 2009). Such studies are often
known as direct toxicity assessments, or ecotoxicology / bioassay procedures. This
approach is appropriate for a stressor that has direct measurable impacts on biota such as
heavy metals, but is less appropriate for stressors whose impacts on biota are indirect and
more complex (such as nutrients; DERM 2009). Spiked sediment toxicity testing is also
appropriate for determining local sediment guidelines (ANZECC & ARMCANZ 2000).

Field Studies

Biological and environmental data (such as toxicant concentrations in water and sediment)
can be ‘matched’ using statistical correlation techniques, to determine what influence water
and sediment quality are having on biological communities, and whether there are clear
‘trigger values’ for toxicant concentrations that result in a shift in biological community
composition.
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