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Executive summary

This report presents the findings of an assessment of surface water quality in Lake Macquarie (NSW,
Australia) based on monthly sampling conducted between March 2022 and February 2023. Samples
were collected from 29 sites and analysed for physicochemical indicators, nutrients, and
metals/metalloids. The specific objectives of the study were to:

Determine contaminant concentrations and distributions within surface water adjacent to
the power stations and, more broadly, within the southern section of Lake Macquarie.

Undertake a screening assessment of the measured contaminant concentrations within Lake
Macquarie against Australian water quality guideline values to identify contaminants of
potential concern (CoPC) to the health of ecological receptors within surface waters.

Overall, the water quality parameters assessed were generally within the recommended range of
relevant default guideline values (ANZG, 2018; ANZECC/ARMCANZ, 2000; DCCEEW, 2024). The key
findings were as follows:

The physicochemical parameters of dissolved oxygen, pH, total suspended solids, and
turbidity were all below (or within) guideline values for NSW estuaries except for a few
localised exceedances.

Temperature differences were observed across the lake with variations of as much as 5 to
10°C observed within a single sampling event. Elevated temperatures relative to other sites
were observed within the receiving waters for the Eraring Power Station cooling water
outlet and the Vales Point Power Station cooling water outlet.

Median concentrations of total nitrogen and total phosphorus concentrations were below
guideline values for NSW estuaries at all sites. Oxidised nitrogen, ammonia nitrogen, and
dissolved phosphorus concentrations exceeded guideline values on several occasions around
the foreshore areas in the southwest basin and Wyee Bay, while concentrations in the main
body of the lake were below guideline values. Free reactive phosphorus concentrations
usually exceeded guideline values across all sites sampled.

The concentrations of eight metals (cadmium, chromium, lead, mercury, nickel, selenium,
silver, and vanadium) were below the screening criteria for all surface water samples
collected. Seven metals (aluminium, arsenic, cobalt, copper, manganese, molybdenum, and
zinc) had at least one exceedance during the monitoring program. Arsenic, cobalt, and
molybdenum concentrations were below the screening criteria on 299% of all occasions and
were not considered contaminants of concern in surface waters. Aluminium, copper,
manganese, and zinc exceeded the screening criteria at some sites, indicating potential
concerns. However, concentrations were below the criteria on 96%, 78%, 99%, and 96% of
all sampling occasions, respectively. Low concentrations of dissolved copper (<0.001 - 0.004
mg/L) exhibited a relatively even distribution across the lake. DOC was found at
concentrations that would likely provide some amelioration of the adverse effects from the
copper concentration range measured. Aluminium and zinc concentrations were similar
between the northern and southern sections of the lake and appear to be related to
freshwater inflows bringing these contaminants from the catchment (via Dora Creek and
Wyee Creek within the southern section of the lake). A single site, located within Dora Creek,
exceeded the screening criterion for manganese on a few occasions.

Sampling was conducted during both dry and wet conditions and thus captured both
background/ambient concentrations and occasions where concentrations were likely to be
elevated following rain events. Consideration of rainfall patterns identified that the sampling
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period was the wettest year on record within the preceding 10-year period. During the
monitoring program, a single coal ash repository over-boarding event occurred at the Vales
Point Power Station. Data from four samples collected during this event showed that the
addition of over-boarded water to Wyee Creek had no significant adverse influence on
metal/nutrient concentrations downstream of the discharge into Wyee Creek.
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Figure 6. Representative image of Site E21 which is located within the Eraring Power Station cooling water
outlet canal
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Figure 7. Box plots of pH (pH units) in surface waters at 19 sites within Lake Macquarie from March 2022 to
February 2023 (n=12)
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Figure 8. Box plots of total suspended solids (mg/L) in surface waters at 19 sites within Lake Macquarie from
March 2022 to February 2023 (n=12). The horizontal grey dashed line indicates the limit of reporting (LOR, 3
mg/L). Values below the LOR were replaced with half the LOR to determine descriptive statistics.
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Figure 9. Box plots of turbidity (FNU) in surface waters at 19 sites within Lake Macquarie from March 2022

to February 2023 (n=12): A) scale bar set to include all data points (including outliers); and B) refined scale
bar set to discern differences at low concentrations.
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Figure 10. Box plots of dissolved organic carbon (mg/L) in surface waters at 19 sites within Lake Macquarie
from March 2022 to February 2023 (n=12): A) scale bar set to include all data points (including outliers); and
B) refined scale bar set to discern differences at low concentrations. The horizontal grey dashed line

indicates the limit of reporting (LOR, 1 mg/L). Values below the LOR were replaced with half the LOR to
determine descriptive statistics.
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Figure 11. Box plots of total nitrogen (mg/L) in surface waters at 19 sites within Lake Macquarie from March
2022 to February 2023 (n=12): A) scale bar set to include all data points (including outliers); and B) refined
scale bar set to discern differences at low concentrations. The horizontal black dashed line indicates the

screening criterion concentration of 0.75 mg/L (DCCEEW, 2024). All values were greater than the limit of
reporting of 0.02 mg/L.
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Figure 12. Box plots of dissolved nitrogen (mg/L) in surface waters at 19 sites within Lake Macquarie from
March 2022 to February 2023. The horizontal black dashed line indicates the screening criterion

concentration of 0.67 mg/L (DCCEEW, 2024). All values were greater than the limit of reporting of 0.02 mg/L.
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Figure 13. Box plots of oxidised nitrogen (nitrate + nitrite) (mg/L) in surface waters at 19 sites within Lake
Macquarie from March 2022 to February 2023 (n=12): A) scale bar set to include all data points (including
outliers); and B) refined scale bar set to discern differences at low concentrations. The horizontal black

dashed line indicates the screening criterion concentration of 0.003 mg/L (DCCEEW, 2024). The horizontal

grey dashed line indicates the limit of reporting (LOR, 0.002 mg/L); values below the LOR were replaced with
half the LOR.
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Figure 14. Box plots of ammonia-N (mg/L) in surface waters at 19 sites within Lake Macquarie from March
2022 to February 2023 (n=12). The horizontal black dashed line indicates the screening criterion
concentration of 0.014 mg/L (DCCEEW, 2024). The horizontal grey dashed line indicates the limit of reporting
(LOR, 0.001 mg/L); values below the LOR were replaced with half the LOR.
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Figure 15. Box plots of total phosphorus (mg/L) in surface waters at 19 sites within Lake Macquarie from
March 2022 to February 2023 (n=12). The horizontal black dashed line indicates the screening criterion

concentration of 0.024 mg/L (DCCEEW, 2024). All values were greater than the limit of reporting of 0.004
mg/L.
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Figure 16. Box plots of dissolved phosphorus (mg/L) in surface waters at 19 sites within Lake Macquarie
from March 2022 to February 2023 (n=12). The horizontal black dashed line indicates the screening criterion

concentration of 0.009 mg/L (DCCEEW, 2024). The limit of reporting (LOR) was 0.004 mg/L; values below the
LOR were replaced with half the LOR.

0.025-
0.020+
-
o
3
W
5 0015- T
[= %
] —
" =
o
o .
$ 0.010+
; I
14
8 .
('}
0.005- .
0-
L & 2 2 T 43 433 248 2 2 432 = 2
w oo m 4 0 o S 0 5 o O S5 a2
woow =2 @ 5] o = = 0 &
i = 8 3 S E o E = =
Site

Figure 17. Box plots of free reactive phosphorus (mg/L) in surface waters at 19 sites within Lake Macquarie
from March 2022 to February 2023 (n=12). The horizontal black dashed line indicates the screening criterion

concentration of 0.001 mg/L (DCCEEW, 2024). The limit of reporting (LOR) was 0.001 mg/L; values below the
LOR were replaced with half the LOR.
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Figure 18. Box plots of aluminium concentrations (mg/L) in surface waters at 19 sites within Lake Macquarie
from March 2022 to February 2023: A) total aluminium with scale bar set to include all data points (including
outliers); B) total aluminium with refined scale bar set to discern differences at low concentrations; C)
dissolved (<0.45 pum filtered) aluminium. The horizontal black dashed line (in Figure C) indicates the
screening criterion concentration, 0.037 mg/L (ANZG, 2024; G.E. Batley, personal communication). The

horizontal grey dashed line indicates the limit of reporting (LOR, 0.01 mg Al/L); values below the LOR were
replaced with half the LOR.
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Figure 19. Box plots of arsenic concentrations (mg/L) in surface waters at 19 sites within Lake Macquarie
from March 2022 to February 2023: A) total arsenic; B) dissolved (<0.45 um filtered) arsenic. The horizontal
black dashed line (in Figure B) indicates the screening criterion concentration, 0.0023 mg/L (ANZG, 2018).

The horizontal grey dashed line indicates the limit of reporting (LOR, 0.001 mg As/L); values below the LOR
were replaced with half the LOR.
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Figure 20. Box plots of cobalt concentrations (mg/L) in surface waters at 19 sites within Lake Macquarie
from March 2022 to February 2023: A) total cobalt; B) dissolved (<0.45 um filtered) cobalt. The horizontal
black dashed line (in Figure B) indicates the screening criterion concentration, 0.001 mg/L (ANZG, 2018). The

horizontal grey dashed line indicates the limit of reporting (LOR, 0.0001 mg Co/L); values below the LOR
were replaced with half the LOR.
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Figure 21. Box plots of copper concentrations (mg/L) in surface waters at 19 sites within Lake Macquarie
from March 2022 to February 2023: A) total copper with scale bar set to include all data points (including
outliers); B) total copper with refined scale bar set to discern differences at low concentrations; C) dissolved
(<0.45 pum filtered) copper. The horizontal black dashed line (in Figure C) indicates the screening criterion
concentration, 0.0013 mg/L (ANZG, 2018). The horizontal grey dashed line indicates the limit of reporting
(LOR, 0.001 mg Cu/L); values below the LOR were replaced with half the LOR.
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Figure 22. Box plots of manganese concentrations (mg/L) in surface waters at 19 sites within Lake Macquarie
from March 2022 to February 2023: A) total manganese; B) dissolved (<0.45 um filtered) manganese. The
horizontal black dashed line (in Figure B) indicates the screening criterion concentration, 0.080 mg/L (ANZG,

2018). The limit of reporting (LOR) was 0.001 mg Mn/L; values below the LOR were replaced with half the
LOR.
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Figure 23. Box plots of molybdenum concentrations (mg/L) in surface waters at 19 sites within Lake
Macquarie from March 2022 to February 2023: A) total molybdenum; B) dissolved (<0.45 um filtered)

molybdenum. The horizontal black dashed line (in Figure B) indicates the screening criterion concentration,

0.023 mg/L (ANZG, 2018). All values were greater than the limit of reporting (LOR) of 0.001 mg Mo/L.
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Figure 24. Box plots of zinc concentrations (mg/L) in surface waters at 19 sites within Lake Macquarie from
March 2022 to February 2023: A) total zinc; B) dissolved (<0.45 um filtered) zinc. The horizontal black dashed
line (in Figure B) indicates the screening criterion concentration, 0.0080 mg/L (ANZG, 2018). The limit of
reporting (LOR) was 0.003 mg Zn/L; values below the LOR were replaced with half the LOR.
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3.3 Summary of water quality within the southern lake basin

Principal components analysis (PCA) was used to explore the differences in key water quality
parameters (temperature, TSS, oxidised nitrogen, ammonia-N, total Al, and dissolved As, Co, Cu, Mn,
Mo, and Zn) among the 19 sites (Figure 25). The first PCA axis explained 25.5% of the variation across
sites, where increasing dissolved cobalt and manganese and decreasing dissolved molybdenum were
the main variables separating the sites. The second PCA axis explained 19.5% of the variation across
sites, where increasing temperature, ammonia-N, and free reactive phosphorus were the main
variables separating the sites. The PCA shows that most of the sites are similar, indicated by the
clustering of data points in the bottom left of the graph. Sites showing differences to northern lake
sites (L1 and LMBB) are mainly Site E3, which had greater dissolved metals, including cobalt and
manganese, and Sites E21, VWB, CCC1, and V22, which had greater temperature and ammonia-N.
The Site E3 data points were quite dispersed, indicating more variability in water quality between
the respective replicates through the monitoring program, likely to be linked to the varying influence
of catchment runoff on water quality in Dora Creek.
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Figure 25. Principal components analysis of key water quality parameters collected from 19 sites with Lake
Macquarie from March 2022 to February 2023. Icon colour represents general location/grouping
information about the sampling sites: Dora Creek (yellow); sites within the southern section of the lake:
southwest zone (green), southeast zone (blue), and south zone (lavender); sites within the northern section
of the lake (plum).
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Figure 26. Surface water sampling locations at Eraring (A) and Vales Point Power Stations (B). Icon colour
represents general location/grouping information about the sampling sites: Crooked Creek (A) and Wyee
Creek (B) (yellow); coal ash repository water (orange), sites within the southern section of the lake:
southwest zone (green) and south zone (lavender).
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Figure 27. Box plots of temperature (°C) in surface waters at 10 sites within the vicinity of the Eraring and
Vales Point Power Stations from March 2022 to February 2023 (n=12; EWL n=11; E23 n=5)
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Figure 28. Box plots of conductivity (uS/cm) in surface waters at 10 sites within the vicinity of the Eraring
and Vales Point Power Stations from March 2022 to February 2023 (n=12; EWL n=11; E23 n=5)
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Figure 29. Box plots of dissolved oxygen (%) in surface waters at 10 sites within the vicinity of the Eraring
and Vales Point Power Stations from March 2022 to February 2023 (n=12; EWL n=11; E23 n=5)
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Figure 30. Box plots of pH (pH units) in surface waters at 10 sites within the vicinity of the Eraring and Vales
Point Power Stations from March 2022 to February 2023 (n=12; EWL n=11; E23 n=5)
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Figure 31. Box plots of total suspended solids (mg/L) in surface waters at 10 sites within the vicinity of the
Eraring and Vales Point Power Stations from March 2022 to February 2023 (n=12; EWL n=11; E23 n=5): A)

scale bar set to include all data points (including outliers); and B) refined scale bar set to discern differences

at low concentrations
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Figure 32. Box plots of turbidity (FNU) in surface waters at 10 sites within the vicinity of the Eraring and
Vales Point Power Stations from March 2022 to February 2023 (n=12; EWL n=11; E23 n=5)
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Figure 33. Box plots of dissolved organic carbon (mg/L) in surface waters at 10 sites within the vicinity of the
Eraring and Vales Point Power Stations from March 2022 to February 2023 (n=12; EWL n=11; E23 n=5)
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Figure 34. Box plots of total nitrogen (mg/L) in surface waters at 10 sites within the vicinity of the Eraring
and Vales Point Power Stations from March 2022 to February 2023 (n=12): A) scale bar set to include all data
points; and B) refined scale bar set to discern differences at low concentrations. All values were greater than
the limit of reporting (LOR) for total nitrogen of 0.02 mg/L. The 50" percentile concentration for total
nitrogen measured across all lake sites through the monitoring program was 0.18 mg/L.
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Figure 35. Box plots of dissolved nitrogen (mg/L) in surface waters at 10 sites within the vicinity of the
Eraring and Vales Point Power Stations from March 2022 to February 2023 (n=12): A) scale bar set to include
all data points; and B) refined scale bar set to discern differences at low concentrations. All values were
greater than the limit of reporting (LOR) for dissolved nitrogen of 0.02 mg/L. The 50" percentile

concentration for dissolved nitrogen measured across all lake sites through the monitoring program was
0.15 mg/L.
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Figure 36. Box plots of oxidised nitrogen (nitrate + nitrite) (mg/L) in surface waters at 10 sites within the
vicinity of the Eraring and Vales Point Power Stations from March 2022 to February 2023 (n=12): A) scale bar
set to include all data points; and B) refined scale bar set to discern differences at low concentrations. The
limit of reporting (LOR) was 0.002 mg/L; values below the LOR were replaced with half the LOR. The 50t

percentile concentration for oxidised nitrogen measured across all lake sites through the monitoring
program was 0.002 mg/L.
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Figure 37. Box plots of ammonia-N (mg/L) in surface waters at 10 sites within the vicinity of the Eraring and
Vales Point Power Stations from March 2022 to February 2023 (n=12): A) scale bar set to include all data
points; and B) refined scale bar set to discern differences at low concentrations. All values were greater than
the limit of reporting (LOR) for ammonia-N of 0.001 mg/L. The 50*" percentile concentration for ammonia-N
measured across all lake sites through the monitoring program was 0.005 mg/L.
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