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Figure 1-1 Reporting structure 

1.4 Limitations and assumptions 
This report has been prepared by GHD for Alcoa of Australia Limited and may only be used and relied on by Alcoa 
of Australia Limited for the purpose agreed between GHD and Alcoa of Australia Limited as set out in section 1.3 
of this report. 

GHD otherwise disclaims responsibility to any person other than Alcoa of Australia Limited arising in connection 
with this report. GHD also excludes implied warranties and conditions, to the extent legally permissible. 

The services undertaken by GHD in connection with preparing this report were limited to those specifically detailed 
in the report and are subject to the scope limitations set out in the report.  

The opinions, conclusions and any recommendations in this report are based on conditions encountered and 
information reviewed at the date of preparation of the report.  GHD has no responsibility or obligation to update 
this report to account for events or changes occurring subsequent to the date that the report was prepared. 

The opinions, conclusions and any recommendations in this report are based on assumptions made by GHD 
described in this report.  GHD disclaims liability arising from any of the assumptions being incorrect. 

GHD has prepared this report on the basis of information provided by Alcoa of Australia Limited and others who 
provided information to GHD (including Government authorities), which GHD has not independently verified or 
checked beyond the agreed scope of work. GHD does not accept liability in connection with such unverified 
information, including errors and omissions in the report which were caused by errors or omissions in that 
information. 

The opinions, conclusions and any recommendations in this report are based on information obtained from, and 
testing undertaken at or in connection with, specific sample points. Site conditions at other parts of the site may be 
different from the site conditions found at the specific sample points. 

Investigations undertaken in respect of this report are constrained by the particular site conditions. Site conditions 
(including the presence of hazardous substances and/or site contamination) may change after the date of this 
Report. GHD does not accept responsibility arising from, or in connection with, any change to the site conditions. 
GHD is also not responsible for updating this report if the site conditions change. 
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Figure 4-1 Monthly climate statistics at Karnet Station (1965 to 2020) 

 

 
Figure 4-2 Annual rainfall at Karnet Station 

4.2 Landforms and topography 
The Huntly Mine is situated within the Darling Plateau, at 240 m AHD to 370 m AHD. The area is characterised by 
lateritic profiles (>30 m depth), formed from the in-situ weathering of basement rock. The laterite surface is 
undulating, dissected by streams and extending through a zone of variable thickness to weathered bedrock. 

Landforms have been described by Churchward and McArthur (1980) and mapped as part of vegetation 
complexes of the South West forest region (Mattiske and Havel 1998). Table 4-2 presents the landform 
descriptions and mapped extent over the Myara North and Holyoake DEs. 
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Table 4-2 Soil landscape mapping in the Mine Development Envelope 

Landform 
name 

Landform Description Myara North 
DE (ha) 

Holyoake DE 
(ha) 

Proportion of 
current extent in 
Mine DE (%) 

Cooke  Hills rising above general plateau level; mainly 
mantled by laterite but with some rock outcrop 

435 69 1.9 

Dwellingup  Gently undulating landscape with duricrust on 
ridges; sands and gravels in shallow 
depressions 

7,711 5,449 49.5 

Goonaping  Shallow upland valleys with grey sands and 
some swamps 

212 0 0.8 

Murray  Deeply incised valleys with red and yellow 
earths on slopes; narrow alluvial terraces. 

1,732 28 6.6 

Pindalup  Valleys of the central part of the plateau; 
gravelly duplex soils on slopes; some rock 
outcrop; grey sands, duplex yellow soils and 
orange earths in broad floors. 

33 0 0.1 

Swamp Depressions and swamps on uplands  68 0.3 

Yarragil  Valleys of the western part of the plateau; 
sandy gravels on the slopes; orange earths in 
swampy floors. 

7,322 3,544 40.8 

Total  17,446 9,157  

As presented in Table 4-2, the landforms over the Myara North DE are predominantly Dwellingup lateritic uplands 
interspersed by Yarragil minor valleys with swampy floors. Murray landform major valleys occur along the 
Serpentine River on the southern boundary of the region. Goonaping sandy upland valley occurs in a shallow 
depression in the headwaters of Honour Brook north of Jack Rocks. Cooke upland hills and rock outcrops occur as 
pockets along the eastern portion of the region.   

The landforms over the Holyoake DE are less diverse than in the Myara North DE and comprise almost totally 
(99%) Dwellingup lateritic upland and Yarragil minor valley landforms. A small area of Cooke upland hills occurs at 
Inglehope and a small area of Murray major valley in the headwaters of the Murray River on the southern 
boundary. 

4.3 Regional geology  
The Myara North and Holyoake DEs are located in the Yilgarn Craton, a predominantly granitic geological terrain. 
The regional geology of the area has been mapped by the Geological Survey of Western Australia (GSWA) and is 
presented in Appendix A, Figure A 4. 

The bedrock outcrops over less than 10% of the region, as there is an extensive layer of Cainozoic laterite 
developed. A typical lateritic profile in the Darling Range is distinctly zoned. The laterite has been derived from the 
weathering of parent rock and consists of a ferruginous or aluminous hard cap layer which overlies a pallid, and 
often mottled kaolinitic zone of varied thickness (saprolite). The transition zone between the fresh rock and 
saprolite is referred to as saprock. 

The laterite layer includes the bauxite resources which are proposed to be mined. Bauxitisation has been 
especially pronounced along the flanks and tops of ridges. The lateritic (bauxite) horizon is on average 2 to 3 m 
thick for granite-derived bauxite. 

The younger-age tholeiitic quartz dolerite dykes intrude the Precambrian basement. The dykes are generally 10 m 
thick although the width can vary widely. These dykes generally follow east-west to northwest to southeast 
directions.  

Observations of outcrops along the railway cutting near Jarrahdale suggest significant differences between the 
profile developed over metagranites and dolerites. These are related to the dominance or preservation of quartz in 
the profile developed over the metagranite whereas it is almost totally absent from the profile developed over the 
dolerite. 
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4.8 Surface water bodies 
The Landgate Medium Scale Topo Water Polygon dataset identifies several water bodies within and in proximity to 
the Myara North mine region (Appendix A, Figure A 5). The largest of these are the Serpentine Dam and 
Serpentine Pipehead Dam, both perennial reservoirs, which form part of the Water Corporations Integrated Water 
Supply System (IWSS) supplying drinking water to the Perth metropolitan region.  

Non-perennial marshes are mapped as occurring within the mid and upper 39 Mile Brook valley floors, in the mid 
catchment valley floor of Goldmine Gully and in the unnamed eastern tributaries. A non-perennial swamp is also 
mapped in the unnamed eastern tributaries. 

Within the Holyoake mine region, the largest mapped water body is the South Dandalup Dam (Appendix A, Figure 
A 6), a perennial reservoir, and part of the Water Corporations IWSS. Other water bodies distributed primarily 
through the central part of the Holyoake DE are described as non-perennial swamps.  

4.9 Mapped wetlands 
The Holyoake mine region is located approximately 30 km to the east of the Peel-Yalgorup System which is the 
closest Ramsar Wetland of International Importance and is also mapped under the Directory of Nationally 
Important Wetlands. 

The Myara North mine region is located approximately 35 km north-east of the Peel Yalgorup System. 

The Myara North mine region is located at the eastern extent of the Department of Biodiversity Conservations and 
Attractions Geomorphic Wetlands Swan Coastal plain dataset. The mapping classifies wetlands present within 
valley floors as palusplain or floodplain flats, and headwater swamps as sump or dampland basins. The 
geomorphic wetland mapping classifies wetlands as conservation category where they are relatively intact, and 
resource enhancement where they partially cleared for development. 

The north-western portion of the Myara North mine region includes some mapped geomorphic wetlands which are 
summarised in Table 4-3 and presented in Appendix A, Figure A 5. The wetlands mapped as conservation 
category reflect the absence of clearing and relatively intact nature. 

Unmapped valley floors and swamps that occur within the Myara North mien region and the Holyoake mine region 
are similarly expected to be of similar environmental values as those classified as conservation category, reflecting 
the absence of clearing of the wetlands except for occasional roads or access tracks. 

Table 4-3 Myara North geomorphic wetland mapping 

Management category Wetland type UFI number Myara North DE sub-catchment 

Conservation Palusplain 12,396 Gooralong Brook 

Multiple use Dampland 12,398 Gooralong Brook 

Resource enhancement Palusplain 13,483 Gooralong Brook 

Resource enhancement Palusplain 12,525 Gooralong Brook 

Multiple use Dampland 12,300 Gooralong Brook 

Multiple use Palusplain 12,315 Gooralong Brook 

Conservation Dampland 12,330 Serpentine Pipehead Dam 

Conservation Dampland 12,325 Serpentine Pipehead Dam 

Conservation Dampland 12,312 Serpentine Pipehead Dam 

Conservation Dampland 12,316 Serpentine River 

Resource enhancement Sumpland 12,314 Serpentine River 
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Site ID Site name Flow record GS catchment 
area (km2) 

Annual 
average 
rainfall (mm) 2 

Annual average 
streamflow (ML) 
3 

Runoff (mm) 

2 Annual average rainfall for 614035 and 614031 derived from SILO 5 km daily grid data (1970-2020), remaining sites derived from SILO 
extraction for Karnet station (1970-2019)   
3 Average of available streamflow record  

Long-term trends in annual flow  

The step change in rainfall discussed in section 4.1 is reflected in observed step changes in streamflow, whereby 
annual average streamflows after year 2000 were considerably lower than the preceding period (Figure 5-4,Figure 
5-5). Average annual streamflow in the Serpentine River has declined by more than 50% at River Road (614035), 
from 6,810 ML (1982-1998) to 3,232 ML (2008-2018), with an 80% decline in the streamflow record at Jack Rocks 
(614031), from 5,432 ML (1981-1998) to 1,093 ML (2006-2016)  

A similar decline in average annual streamflow (70%) is observed in the upper Wungong River catchment with 
flows at Vardi Road (616041) reducing from 11,172 ML (1981-2000) to 3,416 ML (2000-2020).  

The impact of decline in groundwater levels on streamflows (discussed in section 4.6) is also apparent at Jack 
Rocks with average annual streamflows from 2012 to 2016 approximately 75% lower than the six years prior to 
2012, despite average rainfall decreasing by only 8% over the same period. 

Long-term trends in flow seasonality  

The long-term flow data for the River Road and Jacks Rocks gauging sites was used to generate box and whisker 
plots of monthly flow data (Figure 5-6 and Figure 5-7). The plots group the monthly flow data by the observed step 
changes in annual streamflow (pre-2000, post-2000), with the post 2000 flow data demonstrating a delay in flow 
commencement and typically earlier cease to flow, in comparison to the pre-2000 flow data.  

Short-term trends in surface water levels and flow conditions 

During the 2020 baseline monitoring period flow conditions at surface water sampling locations were recorded 
during monthly surface water sampling events (GHD 2021a, Appendix B). Surface water level loggers were 
installed late September at six Myara North surface water monitoring locations, five at the downstream extent of 
representative catchments prior to discharge to the Serpentine River or Serpentine Dam, and one in the 
Serpentine River downstream of the proposed conveyor crossing.   

The observed periods of flow during the baseline monitoring program align with historical seasonality of flow 
observed across the Myara North mine region.  

One site (SW05, Pipehead Dam catchment) sustained flows throughout the monitoring period, with upwelling 
water observed in the January 2021 monitoring round which may indicate a local groundwater source. Sustained 
flows were also observed at site SW06 (cease to flow in November 2020) within the upper Gooralong Brook 
catchment.  

This site was located in the catchment of a prescribed burn completed in late September 2020. Talau (2015) report 
increased stream flow responses within areas subject to prescribed burns, however these are generally of a 
smaller magnitude compared to wildfire responses. 
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Figure 5-4 Annual flows at key Serpentine catchment gauging stations 

 
Figure 5-5 Annual flows at relevant Wungong catchment gauging stations 
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The spatial distribution and frequency of Alcoa monitoring data varies widely across the Myara North mine region, 
with historical focus on research catchments and proposed mining catchments. Data for many sampling locations 
is not continuous. Data records range from short periods in the 1970s, with more extensive data from the mid 
1970s through mid 1980s and mid 1990s.  

The historical data identifies that surface water salinity is classified as fresh (0 to 500 mg/L TDS) in the surface 
water tributaries west of the 1,100 mm isohyet. Median salinity is comparable across all sampling locations, 
however maximum salinity values (as TDS and electrical conductivity (EC)) typically increase for tributaries east of 
the 1,100 mm isohyet.  

Available pH data indicates that median pH of all tributaries is neutral, with some tributaries reporting minimum pH 
values in the acidic range.  

Historical turbidity data for surface water tributaries in the Myara North study area identify median turbidity values 
below 1.5 nephelometric turbidity units (NTU). DWER monitoring of Serpentine River locations identifies marginally 
higher median turbidity values ranging from 1.6 to 2.6 NTU.  

Baseline surface water laboratory results 

Baseline surface water sampling events were completed monthly at selected Myara North monitoring locations 
between August 2020 and January 2021.  

The results of the baseline monitoring program identify that surface water quality is generally similar across the 
Myara North mine region, reflecting the similar hydrological and hydrogeological conditions. As with groundwater 
quality the surface water quality is typically fresh, unimpacted by anthropogenic activities and consistent with the 
site setting within state forest.  

The salinity, pH and turbidity data observed during the baseline monitoring period is consistent with the historical 
data record for the various subcatchments of the Myara North region.  

Surface water is non-saline and moderately acidic, with marginally elevated surface water salinity observed in 
some samples during late season monitoring or when sampling occurred from pools. A short continuous EC logger 
record at two tributaries east of the 1,100 mm isohyet identified EC at the lower end of historically observed 
ranges. There is a trend observed between streamflow rates and salinity, the latter increases as the streamflow 
decreases (Figure 5-11). 

Surface water samples typically had low turbidity and low total suspended solids. The low background turbidity 
was also observed in a short continuous turbidity logger record at four representative sites, with short pulses of 
elevated turbidity rapidly returning to background levels. The short duration of these pulses are indicative of 
passing debris rather than elevated turbidity. The salinity, pH and turbidity data observed during the baseline 
monitoring period is consistent with the historical data record for the various sub-catchments of the Myara North 
region.  

An extended suite of surface water quality parameters were also sampled during the first three months of sampling 
in August, September and October 2020. As with groundwater within the Myara North mine region the surface 
water results had low nutrient levels, and metal concentrations representative of the geological setting. 
Microbiological parameters were detected at all sampling sites, with widespread detection consistent with the 
presence of fauna species within the national park setting.  

Low concentrations of PFAS were detected at four sites, however all detections were significantly below the 
drinking water assessment criteria. 

Detection of PAHs elevated above the drinking water guideline was recorded at site SW06 in October 2020, with 
PAH concentration dominated by naphthalene. Site SW06 is located in the catchment of a prescribed burn that 
occurred in late September 2020, and it is assumed that the elevated PAH concentration occurred due to  natural 
introduction of PAHs from the prescribed burn. Dieldrin was detected in a single sample at a concentration 
significantly lower than the drinking water assessment criteria.  

For other contaminants of potential concern, including methylene blue active substances (MBAS) surfactants, 
Benzene, Toluene, Ethylbenzene and Xylene (BTEX) compounds, TRH and explosives, all samples analysed 
returned results less than laboratory limits of reporting. 
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5.3.4 Salinity changes during streamflow 
Major rainfall events that produce streamflows lead to changes in streamflow salinity. These are interpreted to 
reflect changing proportions of more saline groundwater and less saline runoff and near surface flow. A 
relationship between streamflow rates and TDS (Figure 5-11) clearly demonstrates increase in TDS with falling 
streamflows and the importance of surface and near surface flows. 
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Figure 5-10 Example of streamflow and groundwater level response to seasonal rainfall (Jack Rocks gauge and bore MJ40122A) 
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A reasonable match (Figure 5-13) between measured and calculated data (both flows and TDS) using a simple 
parsimonius analytical model indicates a clear interaction between flow components and the ability of this simple 
model to reasonably represent streamflows. All presented realisations have similar correlation between observed 
and simulated results, with correlation coefficient (R2) varying between 0.71 and 0.77. 

The results also indicate that using a range of recharge rate values it is possible to obtain similar streamflow 
results, even when constrained by TDS. The recharge rate in this case varied between 46 and 113 mm/yr, with the 
balance of streamflow supplied from quickflow (mainly interflow) components. In these evaluated realisations 
baseflow contributes between 18% to 50% of streamflow.  

This range could be potentially even larger given that the analytical solution can accommodate it and produce 
plausible streamflow estimates. Baseflow proportion is likely to vary more during shorter timesteps, e.g., quickflow 
would be dominant during the initial phases of the streamflow event, while baseflow will be dominant in the 
receding part of the event. This is also reflected in the simulated realisations in which the streamflow peak 
precedes the baseflow peak. More detail on these realisations is provided in GHD (2021b). 

Streamflow salinity data can also provide indications of the prevailing flow regimes. The relationship (Figure 5-14) 
between the recorded streamflows and TDS for the same period indicates a relatively stable range of TDS at low 
flows and then linear decrease in TDS with rising flow rates.  

Below average flow rates of 0.05 m3/s the recorded TDS ranges between 280 and 345 mg/L. It is reasonable to 
assume that at these flow rates practically all contribution is coming from groundwater as baseflow. In this 
particular case the surface flow becomes active when the flow rate exceeds 0.05 m3/s. 
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Figure 5-14 Relationship between average daily flow rates and TDS 

5.4 Environmental values  

5.4.1 Potential groundwater dependent ecosystems 
Potential GDEs were derived from detailed flora and vegetation assessment completed to assess site-vegetation 
types of the Myara North mine region by Mattiske (2021a).  

The site-vegetation type mapping was compared to extensive flora and vegetation studies completed in the 
northern jarrah forest region to identify vegetation complexes that support species and site-vegetation types that 
prefer and occur on seasonally moister and wetter soils of the swamps and lower slopes of the valley systems 
(Mattiske 2021a), with this approach considered a precautionary approach in the absence of detailed groundwater 
level data.  

Mapping of potential GDEs in the Myara North mine region is presented in Figure 5-15, with detail provided in 
chapter 5 (flora and vegetation) of the Proposal Environmental Review Document. Potential GDEs cover 28% of 
the Myara North mine region. 

5.4.2 Aquatic ecosystems 

Fauna habitat  

The detailed fauna survey of the Myara North mine region identified that the drainage lines supporting relatively 
low dense vegetation have a linkage value as preferred habitat for medium sized mammals such as Quenda and 
Quokka (GHD 2021f). 

Aquatic fauna  

Limited historical aquatic fauna surveys were completed for parts of the Myara North mine region as part of the 
Wungong Catchment Trial (WRM 2013). Aquatic fauna values from these surveys as well as surveys of other 
catchments across wider Northern Jarrah Forests region were used to inform a desktop assessment of the aquatic 
fauna values of the Myara North and Holyoake mine regions as summarised in the report Aquatic Fauna Desktop 
Assessment - Myara North and Holyoake Regions (WRM 2021).  
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Figure 6-2 Annual flows at relevant South Dandalup catchment gauging stations 

 

  

Figure 6-3 Flow seasonality, Gordon (South Dandalup) for periods 1988-2000 and 2001-2017 
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Short-term trends in surface water level and flow conditions 

During the 2020 baseline monitoring period flow conditions at surface water sampling locations were recorded 
during monthly surface water sampling events (GHD 2021a, Appendix C). Surface water level loggers were 
installed late September at three Holyoake surface water monitoring locations, two at the downstream extent of 
representative catchments prior to discharge to the South Dandalup Dam, and one in Swamp Oak Brook 
downstream of the Holyoake DE in the Murray River catchment.   

Key observations from the surface water flow observations include dry conditions observed across multiple sites 
for all sampling events, including the central South Dandalup tributary through the Holyoake DE, with its upstream 
location observed to flow during one sampling event. No water level data was recorded at the Swamp Oak Brook 
monitoring location, while water levels at the other logger locations observed variable response to seasonal rainfall 
events.  

Baseflow and interflow 

Data analysis by GHD for the gauging stations located in the study area indicates that baseflow and interflow 
represents between 37% and 80% of streamflow, depending on location and baseflow separation methodology. 
The analysis was undertaken for the full streamflow record, varying between sites, between 1980 and 2018. These 
gauging stations are for much smaller catchments than those used for Serpentine Catchment (section 5.2.1) and 
represent a wider range or results. 

6.2.2 Surface water quality 

Historical water quality data  

Historical surface water quality monitoring within the proposed Holyoake mine region has primarily been 
undertaken by DWER, with Alcoa monitoring limited to one site on Davis Brook (DV04) with sufficient data for 
review. Data is limited to salinity, pH and some turbidity data. As with Myara North mine region, data for many 
sampling locations is not continuous, and records range from short periods in the 1970s, to periods from the mid 
1970s through mid-1980s, or mid-1980s to mid-1990s. 

The historical data identifies that surface water is typically fresh, with median EC typically below 350 µS/cm. 
Limited pH data is available for gauging locations which indicates that median pH of tributaries is neutral. 

Baseline turbidity for monitoring locations in the South Dandalup catchment (Holyoake mine region) are marginally 
higher than Myara North mine region, with median values ranging between 0.9 and 7.3 NTU. 

Baseline surface water laboratory results 

Baseline surface water sampling events were completed monthly at selected Holyoake mine region surface water 
monitoring locations between August 2020 and January 2021.  

The results of the baseline monitoring program identify that surface water quality is generally similar across the 
Holyoake region, reflecting the similar hydrological and hydrogeological conditions. As with groundwater quality 
the surface water quality is typically fresh and consistent with the site setting within state forest.  

The surface water physico-chemical samples collected and tested in-situ as well as those tested in the laboratory 
are similar to historical observations across the Holyoake mine region. Surface water is non-saline with neutral pH. 
Surface water samples typically had low to moderate turbidity and low total suspended solids. A short continuous 
turbidity logger record at two sites identified pulses of elevated turbidity that were sustained for up to several hours 
before returning to background levels. Unlike the fleeting pulses measured at Myara North mine region, these 
longer pulses are representative of an actual turbidity event. The pulses correspond to storm events, with higher 
peaks earlier in the season and lower peaks later in the season. The source of the turbidity is unknown. Prescribed 
burns covering a significant proportion of the catchment were conducted in late 2018. 

An extended suite of surface water quality parameters were sampled during the first three months of sampling in 
August, September and October 2020. Total nutrient levels in surface water of the Holyoake mine region were 
higher compared to Myara North mine region. Metals concentrations were representative of the similar geological 
setting, with ANZECC guideline exceedances reported for zinc and copper in limited samples. Microbiological 
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Figure 6-4 Spatial distribution of potential GDEs in Holyoake mine region 

Map Projection: Transverse Mercator
Horizontal Datum:  GDA 1994
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Figure 8-1 Modelled change in depth to groundwater within mapped GDEs, Myara North, 2022 to 2033 (during mining) 
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Figure 8-2 Modelled change in depth to groundwater within mapped GDEs, Myara North, up to 2060 (post mining) 
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Figure 8-7 Modelled streamflow to Wungong Reservoir (mine vs unmined) 

 
Figure 8-8 Modelled streamflow to Wungong Reservoir (mined vs unmined), climate change case 

Gooralong Brook (Myara North DE) 

The streamflow change in Gooralong Brook is predicted to follow the same pattern as Wungong Brook and 
streamflows to the Serpentine Reservoir. Slight increase in streamflows is predicted during mining and clearing, 
followed minor reductions in the rehabilitation and post-mining (Figure 8-9).  

During mining the predicted flows are on average 2.3 GL/yr, while post-mining they will be approximately 1.7 
GL/yr. These would constitute only a minor change when compared to non-mining scenario (2.25 and 1.74 GL, 
respectively). 

The climate change effect, represented as 30% reduction in groundwater recharge and surface flow, however this 
is attributable to climate change rather than the effect of mining. The climate change scenario suggests average 
flows of 1.42 and 1.0 GL/yr for mining and post-mining periods, respectively. The differences between mining and 
non-mining scenarios are minor, flows under non-mining scenario would be 1.40 and 1.06 GL/yr. 
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Figure 8-11 Modelled streamflow to South Dandalup Reservoir (mined vs unmined) 

 
Figure 8-12 Modelled streamflow to South Dandalup Reservoir (mined vs unmined), climate change case 

Davis Brook (Holyoake DE) 

Mining in the Holyoake DE is predicted to increase flows in the Swamp Oak Brook during mining and partly post 
mining. In absolute values the increases will be small, on average 0.06 GL/yr and 0.17 GL/yr during and post 
mining (Figure 8-13). During some years of mining the increases will be more notable, for example between 2034 
and 2042 the increases may represent a multiple of flows that would have occurred for the unmined case. During 
dry years of the post-mining period the flows are predicted to be very similar to unmined cases, but in wetter years 
flows may increase 25% to 50%.  

The potential climate change effect on Davis Brook flows is reduction of overall flows when compared to the 
current case. M, mining effects will remain the same (i.e., higher flows in wetter years, similar flows in dry years 
(Figure 8-14). The flow increases for the climate change case would still occur, but will be reduced, i.e., 0.01 GL/yr 
and 0.06 GL/yr during and post-mining. 
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Figure 8-13 Modelled flows, Davis Brook (mined vs unmined)  

 
Figure 8-14 Modelled flows, Davis Brook (mined vs unmined), climate change case 

Swamp Brook (Holyoake DE) 

Mining in the Holyoke DE is predicted to introduce minor flow increases in Swamp Brook, 0.01 GL/yr and 0.02 GL, 
during mining and during the post-mining period (Figure 8-15). Slightly increased flows will occur during both, the 
wet and dry years. 

The drying climate is predicted to reduce the flows by almost 50% (Figure 8-16), while preserving the overall effect 
of mining on streamflows (slight increase of flows during and post-mining). 

 
Figure 8-15 Modelled flows, Swamp Oak Brook (mined vs unmined)  
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Figure 8-16 Modelled flows, Swamp Oak Brook (mined vs unmined), climate change case 

8.2 Water quality changes 

8.2.1 Salinity  
Estimates of potential changes to the TDS of streamflows entering the reservoir(s) are made using the modelled 
changes in streamflows along with observed groundwater salinity (measured as TDS). This is achieved by 
comparing modelled streamflow volumes and their proportional groundwater discharge component between mined 
and unmined cases. Modelled streamflows are converted to salt loads using observed TDS ranges. 

Observed groundwater TDS (for example average 417 mg/L for the Myara North DE, with lower and higher 
estimates of 180 and 650 mg/L, respectively, is assumed to be reflective of the potential near-stream groundwater 
that discharges into the stream. For the Holyoake DE, the lower and higher estimates of groundwater TDS are 430 
and 850 mg/L, respectively. 

Equally the surface component of streamflows (surface runoff and nears surface intermittent flow) is assumed to 
be consistently low (adopted 100 mg/L in this case) compared to that of groundwater. It is also assumed the 
salinity contribution from surface flows between mining and non-mining cases is negligible. 

The numerical model was used to forecast changes in salinity (salt load as TDS) of surface watercourses within 
the Myara North DE (GHD 2021c) and the Holyoake DE (GHD 2021d). The model predictions indicate some 
variability in salinity increases.  

For the Myara North mining region, the predicted TDS change is -1 mg/L to -10 mg/L for mining and 3 to 20 mg/L 
post-mining periods compared to the non-mining case, with annual variations shown in Figure 8-17
 Modelled reservoir inflow TDS change, Serpentine Reservoir (that uses the upper groundwater TDS 
estimate). When considering the drying climate case, the predicted average change is -1 to -7 mg/L and 3 to 24 
mg/L for mining and post-mining cases, respectively. 

For the Holyoake mining region, the predicted TDS increase is 3 to 7 mg/L and 11 to 17 mg/L for mining and post-
mining periods compared to the non-mining case. The annual variations are presented in Figure 8-18.  

When considering the effect of drying climate, the predicted average change is 3 to 7 mg/L and 6 to 13 mg/L for 
mining and post-mining cases, respectively. The lower TDS increase under the climate change scenario is 
attributed to the deeper groundwater level in response to reduced recharge, and hence reduced groundwater 
contribution to streamflows. 

The robustness in estimating the predicted salinities is demonstrated in Figure 8-19, which indicates that the use 
of the upper groundwater TDS values is appropriate for salinity estimates.  
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Figure 8-17 Modelled reservoir inflow TDS change, Serpentine Reservoir 

 
Figure 8-18 Modelled reservoir inflow TDS change, South Dandalup Reservoir 
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Figure 8-19 Relationship between streamflows and TDS  

Uncertainty analysis of the base climate case indicates relatively narrow uncertainty in projected TDS loads to the 
reservoir, except in the driest of years, when groundwater discharge becomes a significant component of 
remaining streamflow. The analysis estimates are from 2 to 23 mg/L increased average annual TDS of surface 
streams entering the reservoir during active mining, and from 10 to 55 mg/L in the post-mining period (Myara 
North).  

Average annual TDS over these two periods is estimated to range from 100 to 130 mg/L and from 105 to 163 
mg/L, respectively, when mining occurs in Holyoake. 

8.2.2 Sediment and turbidity 
Erosion, sedimentation, and turbidity occur naturally and because of clearing activities. Naturally occurring 
sedimentation and turbidity spikes are associated with large storm events. Where clearing and mining has 
occurred, exposed soils are subject to erosive action, mobilising sediment and suspended solids. The amount of 
erosion is a factor of soil properties (erodibility), catchment slope and length, rainfall intensity (erosivity), and 
vegetative cover. Historical mining activities have used drainage infrastructure to control sedimentation and turbid 
discharge, however failure or exceedance of some structures has resulted in sedimentation and turbid discharge 
occurring. 

In the absence or failure of drainage controls, sediment laden discharge has the potential to impact the flora and 
fauna of downstream tributaries through the process of sedimentation, accumulating in areas of low velocity and 
smothering bottom-dwelling organisms and their habitats. Further downstream in the reservoir, turbidity reduces 
the penetration of light and therefore the ability of algae and other aquatic plants to photosynthesize and clogs the 
gills of fish (DWER, 2017. Fine sediment and the nutrients it transports are also associated with seasonal blue-
green algal blooms in other waterbodies. As a consequence of excess sediment, the abundance and distribution of 
aquatic plants and animals change, natural food webs are disrupted and aquatic diversity declines (DWER, 2017. 
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While the north-west portion of the Myara North DE comprises a significant proportion of the Gooralong Brook 
catchment at the Gooralong Brook - Mundlimup (~48%), it comprises just 2.4% of the unregulated lower 
Serpentine River catchment area. 

8.4.2 Holyoake 
As noted in Section 4.6.2, the majority of the Holyoake DE (11,808 ha or 63% of total) is located within the South 
Dandalup Dam catchment. There is no release to the South Dandalup River downstream of the South Dandalup 
Dam. 

The southern 2,461 ha of the Holyoake DE (13% of total) lies within the catchments of Davis Brook (1,792 ha) and 
Swamp Oak Brook (669 ha), which are un-regulated tributaries to the Murray River, comprising approximately 26% 
of the Davis Brook catchment and 9% of the Swamp Oak Brook catchment respectively.  

Davis Brook has a catchment of approximately 6,900 ha and has a gauging station the Murray Valley Plantation 
(614047) approximately 1.5 km upstream of the confluence with Murray River. Swamp Oak Brook has a catchment 
of approximately 7,100 ha, with a gauging station on its upper reach at Chadoora (614045) recording limited 
historical flow.  

During the baseline monitoring period (GHD 2021a) a single sample was collected from site DV04 on Davis Brook 
in August, with the site dry during all other monthly monitoring events. Samples were collected in August and 
September at site HSW02 downstream of Chadoora, two downstream monitoring sites (6141470 or HSW03) were 
dry for all monthly monitoring events, and a water level logger at HSW03 recorded no surface water flows.  

The Murray River is gauged at the Baden Powell station (614006) which has a catchment of 6,760 km2 
(approximately 676,000 ha). The station lies immediately downstream of Lane Poole Reserve, approximately 1.7 
km downstream of the confluence with Davis Brook and approximately 5.6 km downstream of the confluence with 
Swamp Oak Brook. 

The southern section of the Holyoake DE comprises <1% of the Murray River at Baden Powell station.  

8.5 Impacts to drinking water 

8.5.1 Public health 

Sediment and turbidity 

Turbidity is a key water quality concern for drinking water sources. Whilst not hazardous in itself, turbidity is able to 
reduce the efficacy of the chlorine treatment processes to inactivate or remove pathogens. Historically, mining has 
generated turbid runoff from the failure of drainage controls. As described in section 7.2, offtake monitoring data 
does not display any increasing trend with turbidity associated with mining disturbance. 

Turbidity of water at customer taps should be less than 5 NTU, and it is desirable that turbidity be <1 NTU at the 
time of disinfection (NHMRC, 2011. As part of the DWRA, GHD (2021 undertook hydrodynamic modelling of 
suspended solids (SS) inputs to the reservoirs, in the form of 1 µm diameter inorganic particles (clay) and 5 µm 
diameter inorganic particles (silt). The proportion of these particles in the modelled inputs was allocated to 
simulate natural waterways for un-mined catchment areas, and to simulate mining sumps for inputs from mined 
catchment areas. The model was simulated for a range of existing and future mining conditions, drainage failure 
scenarios (5%, 30%, 75%), climatic seasons (winter, summer), and storm intensities (1 Exceedance per Year, 
10% Annual Exceedance Probability, 1% Annual Exceedance Probability), for the Serpentine, Serpentine 
Pipehead, and South Dandalup reservoirs. 

Results indicate that for the Serpentine Main Dam, baseline turbidity exceeds 1 NTU at the offtake but never 
5 NTU, adopting a 1:1 TSS:NTU relationship. Turbidity concentrations are sensitive to changes in sump failure 
suspended solids concentrations, as mining comprises a sufficient proportion of the catchment landscape to do so. 
In contrast, South Dandalup Dam is not sensitive to sump failure suspended solids concentrations, as the future 
clearing area is a small proportion (4.8%) of the overall catchment area. This relationship is assumed to exist for 
the upper Wungong Brook, where the future clearing area is 2.4% of the reservoir catchment. 
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It is important to note that the 30% and 75% drainage failure rates are an order of magnitude higher than what has 
been observed in the Huntley and Willowdale mine to date for a single rainfall event. Failures are also assumed to 
be complete and total failures directly connected to the reservoir without any capture or settlement in overland flow 
paths or streams. 

Due to the hydrodynamic barrier effect induced by the Serpentine Pipehead primary inflow and outflow in proximity 
to the dam wall, there was little change in turbidity predicted for this reservoir. 

The following figures illustrate the cumulative frequency of SS (turbidity) concentrations for existing and future 
mine scenarios compared to the baseline. 

 
Figure 8-20 Percentile plots of simulated Serpentine withdrawal SS (silt + clay) of winter2 and summer3 1% and 10% AEP inflow 

event scenarios with 30% sump failure SS levels 

 
2 Percentiles over 1 year from 1 August 2017 to 31 July 2018. 
3 Percentiles over 1 yar from 1 January to 31 December 2018. 
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Figure 8-21 Percentile plots of simulated Serpentine withdrawal SS (silt + clay) of winter and summer 1% and 10% AEP inflow 

event scenarios with 75% sump failure SS levels 
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Figure 8-22 Percentile plots of simulated South Dandalup withdrawal SS (silt + clay) of winter and summer 1% and 10% AEP 

inflow events with 30% sump failure SS levels. 
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expressed as Disability Adjusted Life Years (DALYs). The health based target for drinking water favoured by 
WSAA is a risk of 10-6 DALYs per person per annum.  

Four potential hazardous events were identified: 

1. A raw sewage overflow event located within the STP within the Serpentine or South Dandalup catchment 
areas during heavy rainfall. 

2. Treated effluent accumulates at the surface of the designated treated wastewater irrigation area and is 
subsequently washed out by heavy rainfall. 

3. Treated effluent leaches into a subsurface perched aquifer during a period when rainfall exceeds 
evapotranspiration, flows to a steep creek or a downstream seepage face over tens of metres, and then in the 
reservoir or a creek. 

4. An asymptomatic staff member with cryptosporidiosis defecates in bushland in any of the three catchment 
areas, shortly before a heavy rainfall event. 

After allowing for dilution and overland transport losses, only scenario 4 for the Serpentine Pipehead catchment 
exceeds the health based target. This hazard requires attention during detailed design, to define how to reduce the 
risk to an acceptable level. 

A highly conservative scenario when all four hazardous events are combined will also exceed the health based 
targets threshold at South Dandalup and Serpentine Pipehead dams.  

PFAS, PFOA and PFOS 

Impacts associated with PFAS, PFOA and PFOS are discussed in the DWRA. 

8.5.2 Service interruptions 
Should the risks identified in the DWRA eventuate, there may be a disruption to the withdrawal of water from the 
affected reservoir. The impact of such a disruption depends on the nature of the hazard, duration of the disruption, 
which reservoirs are affected, and how the IWSS is operated. It is beyond the scope of this report to assess the 
likelihood and consequence of such a disruption. 

8.5.3 Mine water demands 
Mining and construction activities require access to clean water. Water supply for Myara North is to be sourced 
from South Dandalup, Bandsiadale and/or Serpentine Dams. There may be a short period during initial clearing 
and construction activities where pipelines and pumping infrastructure will not be in place.  Alcoa are investigating 
different options and sources for this interim water supply.  

For the Myara North mine region, mining is expected to consume up to approximately 3 GL/year of water for the 
first 6-24 months (interim long haul trucking), primarily for dust suppression on haul roads and minor water 
demand for mine facilities (e.g., ablutions, vehicle washing). Alcoa are investigating alternatives to using water for 
dust suppression. For the interim long haul trucking scenario, once the conveyor is constructed (if the preferred 
option post detail design) then the frequency of haul truck movements will reduce and the water demand would 
reduce to approximately 1 GL/year. For the life of mine long haul trucking scenario, water demand would remain at 
approximately 3 GL/year for the duration of mining (2023-2030). Investigations are underway for the capture and 
reuse of runoff water from the Myara North facilities area. Increases in streamflow due to mining described in 
section 8.3.1 will partially counterbalance the water demands from mining. 

Water supply for the Holyoake DE is expected to be supplied from the South Dandalup and Banksiadale Dams. 
Water demands are yet to be estimated. 
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8.6 Cumulative impacts 

8.6.1 Timber harvesting and other forest industries 

8.6.1.1 Impacts on water yields and salinity 

Timber harvesting has historically caused a larger disturbance to LAI within the Northern Jarrah Forest, with 
annual clearing about an order of magnitude greater than that of mining, however harvesting will be relatively 
distributed across the forest and surface water catchments. In light of the decision to end logging of native forests 
in then the upcoming Forest Management Plan 2024-33 and in the absence of long-term harvesting plans it was 
not possible to incorporate timber harvesting into groundwater modelling for the Myara North or Holyoake mine 
regions to predict the effect on stream salinity. However, given the distribution of timber harvesting between 
catchments and the demonstrated regrowth that occurs in a comparable timeframe (or less) to that of mining is it 
likely that there would be limited changes to stream salinity in any single drinking water catchment, and that 
freshwater quality will be maintained. 

8.6.1.2 Impacts on water quality 

Timber harvesting has potential for spills or leaks of diesel and oils during harvesting operations, which would 
involve refuelling and potentially maintenance of harvesting equipment and heavy vehicles. There is also potential 
for ongoing, low level oil leaks from vehicles and equipment, and rare collisions that result in fuel or oil spills. As 
with mining, most spills and leaks, particularly those from major incidents and involving large volumes, are 
expected to be identified quickly and the contaminated soils excavated and disposed off-site at a licensed waste 
facility. 

Smaller spills and leaks may potentially be missed and the contaminants leach through the unsaturated zone. As 
with mining, small volumes of diesel and oil that escape detection and remediation are unlikely to result in 
substantial migration of hydrocarbons that reach streams and can be transported into reservoirs. Accordingly, the 
storage and handling of hazardous materials during timber harvesting is expected to pose a low risk to water 
quality. 

Further impacts associated with mining, timber harvesting and other forest industries are discussed in the DWRA 
and ERD. 

8.6.2 Rehabilitation 

8.6.2.1 Impacts on water yields and salinity 

Rehabilitation of approved mining regions will overlap temporally with clearing, mining, and rehabilitation of the 
proposed mine development envelope. Spatially this is closest for the Myara and Myara North mining regions. 
Rehabilitation restores groundwater levels, streamflow, and salinity from the peaks that occur prior to 
rehabilitation. Therefore, cumulative impacts of rehabilitation of water yields and salinity are expected to be minor. 

There is potential for past mine rehabilitation that has a higher leaf area index (LAI) to decrease recharge relative 
to un-mined forest. Contemporary rehabilitation from 2016 onwards has achieved about 1000 stems/ha in tree 
establishment, whereas from 1998-2015 it achieved about 1400 stems/ha and from 1988-1997 about 3000 
stems/ha. This indicates that the Jarrahdale Mine (mined 1963-1998) north of Myara North may contain areas of 
higher LAI that may reduce recharge relative to un-mined forest and potentially reduce streamflows in Upper 
Wungong Brook. Similarly, older regions of the Huntly Mine (e.g. White region mined in 1989-2006, Huntly 1&2 
region mined in 1986-1997) may have areas of higher LAI that may reduce recharge relative to un-mined forest 
and potentially reduce streamflow in South Dandalup River, North Dandalup River and Conjurunup Creek.  

8.6.2.2 Impacts on water quality 

Certain rehabilitation techniques can introduce more erodible (and potential dispersive) clayey material into the 
shallow subsurface surface. Analysis of gully erosion at the Huntly, Willowdale and Boddington bauxite mines 
suggested a minimum catchment of 0.3 ha for gully development, with gully volumes typically remaining small (20-
100 m3) but potentially increasing for higher slopes (> 10°) and shallower topsoil/overburden placement 











https://doi.org/10.36487/ACG_repo/605_51
https://www.nhmrc.gov.au/about-us/publications/australian-drinking-water-guidelines
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Appendix A  
Figures 
Figure A 1 Locality plan and development envelope 

Figure A 2 Location and boundaries of Myara North 

Figure A 3 Location and boundaries of Holyoake 

Figure A 4 GSWA 250k Regional geology of Myara North and Holyoake 

Figure A 5 Myara North surface water features 

Figure A 6 Holyoake surface water features 

Figure A 7 Myara North surface and ground water monitoring locations 

Figure A 8 Holyoake surface and ground water monitoring locations 
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Appendix D  
Groundwater Modelling Report for Huntly 
Mine - Myara North 
GHD (2021c) Groundwater Modelling Report for Huntly Mine - Myara North; Pinjarra Alumina Refinery Revised 
Proposal, unpublished report prepared for Alcoa of Australia Limited by GHD. 
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Appendix F  

Drinking Water Risk Assessment 
GHD (2021d) Drinking Water Risk Assessment; Serpentine, Serpentine Pipehead, South Dandalup and Wungong 
Brook Catchments unpublished report prepared for Alcoa of Australia Limited by GHD. 
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